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Abstract 
Background: Rhabdomyosarcoma (RMS) is the most prevalent soft tissue 
sarcoma in children, representing approximately 50% of pediatric sarcomas 
and can develop in any part of the body though more frequently at the ex-
tremities. Aim: Evaluating the in vitro anti-proliferative activity of Derma-
septin B2 on Rhabdomyosarcoma RD (CCL-136TM) cells and its effect on the 
expression of MYC, FGFR1, NOTCH1, and CXCR7 genes involve in processes 
including proliferation, angiogenesis and metastasis. Methods: RD cells were 
grown in Dulbecco’s Modified Eagle’s Medium supplemented with 10% Fetal 
Bovine Serum. Exponentially growing cells were treated with Dermaseptin B2 
and Antiproliferative activity was assayed using the resazurin and migration 
assays at three time-points. In order to determine the gene expression profiles 
of MYC, NOTCH1, FGFR1 and CXCR7, total RNA was extracted from the 
cells and q-RT-PCR was performed with β-Actin as reference gene. Results: 
Dermaseptin B2 inhibited the proliferation of RD cells in a time and concen-
tration dependent manner as with IC50 values of 7.679 µM, 7.235 µM, 5.993 
µM. The 2-dimentional wound healing assay showed inhibition of migration 
and motility of the RD cells at time-points of 6, 24, 48 and 72-hours with the 
greatest inhibition observed at 72-hours. Dermaseptin B2 downregulated the 
target MYC (fc; 1.5013, 1.5185, 2.4144), CXCR7 (fc; 2.8818, 4.4430, 3.9924), 
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FGFR1 (fc; 2.3515, 2.0809, 2.2543), NOTCH1 (fc; 2.4667, 4.6274, 4.3352) 
genes for the three-time points respectively. NOTCH1 and CXCR7 showed 
higher fold changes with respect to β-Actin than MYC and FGFR1. Conclu-
sion: The results of this study indicate that Dermaseptin B2 is a target mole-
cule for signaling pathways including PI3K/AKT, RTK and NOTCH path-
ways that could affect the transcription of these genes and overall inhibition 
of cancer progression. Further studies are needed to give a better under-
standing of the detailed mechanisms of action as well as the effects of the 
Dermaseptin B2 peptide in vivo. 
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1. Introduction 

Rhabdomyosarcoma (RMS) is the most prevalent soft tissue sarcoma in children 
[1] [2], representing approximately 50% of pediatric sarcomas [1] [3] [4], which 
can develop in any part of the body though more frequently at the extremities 
[5]. Rhabdomyosarcoma is an aggressive tumor that classically originates from 
skeletal muscle progenitor cells [3] [6] and represents 4% - 5% of the childhood 
cancers with an incidence of 4.5 cases per million individuals aged less than 
twenty years [7] [8]. RMS has six histologic sub-types [8] [9], with major sub-types 
being alveolar and embryonal [2] [10] [11] [12]. Embryonal rhabdomyosarcoma 
(ERMS) represents about 80% of the cases [7], is more prevalent in children less 
than 10 years of age [13] [14], and has better prognosis and event-free survival of 
81% [7] [13] [15]. It’s associated with distinct genetic alterations and loss of he-
terozygosity at chromosome 11p15 locus [7], and possesses amplifications in 
MYCN and lesions in insulin receptors [16], mutations in TP53 and FGFR4 
[15].  

MYC proto-oncogene participates in many cellular processes including cell 
proliferation, differentiation and apoptosis [17]. It is the most frequent pro-
to-oncogene that is amplified in 40% of numerous human cancers [18] [19]. 
Missiaglia et al. (2009) have reported a high amplification and overexpression of 
the oncogene MYC in the ERMS (RD) cells and other primary tumors [20]. Tar-
geting and inhibition of MYC have also been shown to reduce the progression 
and tumorigenicity of RMS and myogenic differentiation [21], indicating MYC 
as a potential target for rhabdomyosarcoma treatment. Though MYC is under 
tight regulation in normal cells through various signaling pathways like WNT, 
Hedgehog and receptor tyrosine kinases, constitutive activation of these path-
ways results MYC activation in cancer cells [22] [23]. PI3K drug resistance was 
also associated with MYC amplification illustrating this gene as downstream of 
PI3K for tumorigenesis [22]. Inhibition of MYC expression, interrupting Myc-Max 
dimerization and final alteration of Myc-Max binding to DNA is crucial to 
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hinder target MYC genes [18].  
The Notch signaling pathway involves regulation and determination of cell 

destiny and is dysregulated in human cancers [24]. This pathway can be targeted 
by inhibition of notch receptors using small molecule inhibitors [25]. The en-
zyme, gamma-secretase leads to the increase in the Notch intercellular domain 
and overactivation of the Notch pathway followed by transcriptional activation 
in the nucleus [26]. Belyea et al. (2011) showed using Notch1 RNAi or Ƴ-secretase 
small molecule inhibitors reduce ERMS growth in vitro [25]. A study by Roma et 
al. (2011) have shown upregulation of the Notch pathway in fusion positive (FP) 
and fusion negative (FN) RMS with notable correlation between the invasiveness 
and motility of RMS cells up on Notch pathways activation [27]. The motility 
and invasiveness of the cells also reduced with gamma-secretase inhibition in in 
vitro models [27]. Furthermore, NOTCH1 was shown to cause tumor propaga-
tion in embryonal RMS zebrafish models via upregulation of SNAIL1 transcrip-
tion factor, ultimately leading to dedifferentiation of the embryonal RMS cells 
[28]. The study also indicated the possible role of NOTCH1/SNAIL1/MEF2C 
pathway in the metastatic capacity of embryonal RMS [28]. Novel compounds 
that can inhibit this pathway will form promising therapeutic agents to treat 
metastatic cancers [29]. 

Fibroblast growth factor receptor (FGFR) belongs to a signaling pathway that 
is involved in diverse biological processes including growth, survival, differentia-
tion, angiogenesis, tumor growth and development [30] [31]. Understanding the 
different roles of the fibroblast growth factor receptor family in cancer develop-
ment will elucidate the importance of this pathway as potential target for cancer 
treatment and the development of new target therapies [32]. Mouron et al. 
(2021) reported that 25% of hormone receptor positive (HR+) breast cancer pa-
tients have amplification or overexpression of FGFR1 [33]. Studies have reported 
the role of the Fibroblast growth factor receptor 1 (FGFR1) in the tumorigenesis 
of breast cancer and mammary development [34] [35]. Additionally, amplifica-
tions and overexpression of this factor (FGFR1) has been linked to poor progno-
sis of in breast cancer, functioning as a predictor of poor outcome [36] [37]. 
FGFR1 has also been reported to be overexpressed in RMS [32]. A study by Mis-
siaglia et al. (2009) has confirmed the amplification and gain of FGFR1 and its 
overexpression in RMS cells with higher expressions in embryonal type than al-
veolar sub-type [20]. Goldstein et al. (2007) reported FGFR1 overexpression in 
RMS cells with hypomethylations at the promoter region [38]. These data sug-
gest FGFR1 as a potential therapeutic target for RMS and search for therapeutic 
compounds that can target this gene and its pathway specifically [38]. Recent re-
ports showed the correlation between resistance to chemotherapy and FGF/FGFR 
signaling and underscore drugs that target this signaling pathway as potential for 
cancer treatment [39].  

The chemokine CXCR7 is a seven transmembrane receptor that was re-named 
ACKR3 as it is a member of the atypical chemokine receptor family (ACKR) 
[40]. Overexpression of CXCR7 was shown to be important in the angiogenic 
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process in cancers, suggesting its role in tumor progression and its regulatory 
activity in the process of angiogenesis [40]. Sheng et al. (2010) showed the role of 
CXCR7 in endothelial proliferation, migration and production of vascular en-
dothelial growth factors that enhance tumor propagation through mediation of 
angiogenesis [41]. Embryonal RMS cells have been shown to highly express the 
CXCR7 chemokine [42]. This chemokine was also reported to respond to stimu-
lation by stromal derived factor (SDF)-1 also known as CXCL12, leading to ul-
timate activation of MAPK and AKT pathways. This activation was linked to the 
motility of RMS cells rather than proliferation and survival [43]. There is focus 
on small molecules as CXCR7 antagonists which show different affinities [40]. 
Simultaneous blocking of CXCR7 and CXCR4 also represents therapeutic ap-
proach as they involve both in cancer malignance [44].  

Chemotherapy, surgery, radiation and their combination are the standard 
treatments for cancer. However, these are associated with limitations including 
lack of specificity, toxicity and development of drug resistance [45]. Therefore, 
the need to search for alternative therapeutic agents with less tendency for de-
velopment of resistance and precisely target cancer cells [23]. Recently, there has 
been growing interest in antimicrobial peptides (AMPs) as a source of therapeu-
tic agents with low development of resistance, higher efficacy and less toxicity to 
the cells [46] [47] [48]. Antimicrobial peptides (AMP) are short cationic pep-
tides that are amphipathic in nature [49] [50], with diverse amino acids and 
secondary structures [51]. Recent studies suggest that antimicrobial peptides kill 
cancer cells by two mechanisms; membrane disruption leading to necrosis [52] 
[53], induction of apoptosis resulting from their binding to the mitochondrial 
membrane [54] [55]. Papo et al. (2004) showed that the D-K6L9 peptide (15-mer 
D,L-amino acid peptide) inhibits proliferation of prostate adenocarcinoma cells 
after intratumoral injection with no activity on non-malignant cells [56]. Syste-
matic administration of this peptide also inhibited growth of primary and me-
tastatic tumors [57]. Dermaseptin B2 [58], an α-helical polypeptide, is the most 
potent within the family of Dermaseptins, with activities in micromolar ranges 
[59] [60]. In vitro studies reported the antitumor and antiangiogenic activities of 
the antimicrobial peptide Dermaseptin B2 (Drs B2) [61]. Zoggel et al. (2012) 
demonstrated that Drs B2 inhibits colony formation of PC3 and MDA-MB231 
tumor cells, the proliferation and capillary formation of endothelial HUVEC 
cells [62]. This later study reported necrotic effects of Drs B2 rather than apop-
totic activities with no activation of caspase-3 and no changes in mitochondrial 
potential [62]. In the current study, we investigated the antiproliferative activity 
of Drs B2 against RMS (RD) cells and evaluated the activity of this peptide at the 
molecular level by assessing the expression of genes involved in the proliferation of 
cells (MYC), angiogenesis (FGFR1, CXCR7) and metastasis (NOTCH1, CXCR7).  

2. Materials and Methods 
2.1. Chemicals and Reagents  

Dermaseptin B2 (Adenoregulin, lot no: 2020/10/14), Doxorubicin (cat no: 
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SD9280), and resazurin dye (Lot no: 415E035) were purchased from Solar Bio 
(Beijing, China). DMEM (Lot no: RNBH6554), FBS (Lo no: BCCB7351) and PBS 
(Batch no: 017K8212) were purchased from Sigma Aldrich. L-glutamine (Lot no: 
2085472), Trypsin-EDTA (Lot no: 2091549), Penicillin-Streptomycin (Ref 1514-122) 
and Gentamycin (lot no: 2163664) were all purchased from Gibco (Gibco Bios-
ciences). All the reagents were cell culture grade.  

2.2. Specifications for Dermaseptin B2  

Table 1 represents information on the antimicrobial peptide Dermaseptin B2 
(Drs B2) used in this study.  

2.2.1. Cell Culture 
Cell lines RD (ATCC® CCL-136) and Vero (ATTC CCL-81) were purchased 
from the American Type Culture Collection (ATCC) and cultured as previously 
described [5] [63]. Briefly, cells were thawed in 37˚C water bath, disinfected with 
70% ethanol, and carefully transferred into T-75 cell culture flasks and complete 
media containing DMEM, 10% FBS and penicillin/streptomycin added and in-
cubated at 37˚C, 5% CO2 and 95% humidity incubator. Cells were passaged 
every 3 - 4 days at 80% - 90% confluence level. 

2.2.2. Determination of Cell Viability Using Resazurin Reduction Assay 
The resazurin reduction assay was performed as previously described [64] [65]. 
At 65% - 75% Cells were trypsinased, counted with hemocytometer and plated 
into 96-well cell culture plates at seeding density of 1 × 104 cells/well and incu-
bated in an incubator at 37˚C, 5% CO2 and 95% humidity. The previous media 
was gently removed from the cells and 100 µL of increasing concentrations (3, 6, 
9, 12 and 15 µM) of Drs B2 in complete media was added to each well in tripli-
cates. Doxorubicin used as standard control drug was prepared the same way. 
Plates were then incubated for 24, 48, 72-hours to determine the anti-proliferative 
activity of Drs B2 compared to Doxorubicin. After 24, 48, 72-hours of incuba-
tion, 20 µL (0.15 mg/mL) of resazurin dye was added and incubated for 4-hours. 
The optical density of the cultures was then read with plate reader (Infinite 
M1000, Tecan), at an absorbance of 570 nm and 600 nm. The percentage cell 
viability was calculated from the net absorbance of 570 nm and 600 nm readings 
using the equation; percentage cell viability (% viability) = (Net absorbance of 
the treated cells/Net absorbance of the blank) × 100 [66]. The effect of the Drs 
B2 on the proliferation of the cells was then presented in graphs of % cell viability 
 
Table 1. Basic information of dermaseptin B2 (Adenoregulin). 

Names (CRO1001) Dermaseptin B2 (Drs B2), Adenoregulin 

UniProt Accession number P31107 (DRS2_PHYBI) 

Peptide Sequence GLWSKIKEVGKEAAKAAAKAAGKAALGAVSEAV-NH2 

Molecular weight 3180 Daltons 

Organism Phyllomedusa bicolor (Two-colored leaf frog) 
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against the log concentration (µM) of the treatment. The 50% inhibitory con-
centration (IC50) of the treatments was then calculated using non-linear regres-
sion analysis in GraphPad Prism software (v8.4.3). 

2.2.3. Cell Migration Assay  
The 2-dimensional wound healing assay was performed as previously described 
[67] [68] [69]. RD cells were grown in T-75 cell culture flasks using DMEM sup-
plemented with 10% FBS. Cells were trypsinased, counted and plated in 12-well 
plates with a cell density of 5 × 104 cells/well. Cell growth was monitored until 
the cells attained 95% - 100% confluence [68]. Plates were removed from the in-
cubator and using sterile conditions in the biosafety cabinet, a 200 µL pipette tip 
was used to make a vertical wound on the cell monolayer. The cell debris to-
gether with the media was then removed and 2 ml of media containing either 
Drs B2 and Doxorubicin at their pre-determined IC50 was added to the wells. 
The blank (media with PBS solvent) was added to the untreated cells. Up on 
treatment, cells were observed under the inverted microscope, snapshot pictures 
taken and marked as time zero. At time points of 6, 24, 48 and 72-hours, cells 
were observed under the microscope and pictures were taken at each time point. 
Results were presented as the effects of the treatments on the cell recovery com-
pared to the untreated control cells.  

2.3. Gene Expression Analysis 
2.3.1. RNA Extraction 
Exponentially dividing RD cells with a confluence of 70% were treated with the 
corresponding calculated IC50 values of Drs B2 and Doxorubicin for time-points 
of 24, 48, 72-hours. Total RNA extraction was performed using DirectZol RNA 
Miniprep kit (Cat no: R2053, Zymo Research, USA) following manufacturer’s 
instructions. Briefly, cells were lysed in TriZol lysis buffer, and an equal volume 
of ethanol was added (95% - 100%), and purified by adding to the Zymo 
SpinTM column. Cells were then washed and RNA was eluted in DNase free 
water. Purity and integrity of RNA was checked in nanodrop spectrophotometer 
(Thermofisher) and 1% agarose gel electrophoresis. 

2.3.2. cDNA Synthesis 
cDNA synthesis was performed using FIREScript RT cDNA Synthesis kit (Cat 
no: 06-15-00050, Solis BioDyne, Estonia) following manufacturer’s instructions. 
A 20 µL reaction mix contained 10 µl of (500 ng/µl) of RNA, 1 µl Oligo (dT) 
primer (100 µM), 2 µl of 10x RT Reaction Buffer with DTT, 0.5 µl dNTP Mix (20 
mM), 1 µl FIREScript RT, 0.5 µl RNase Inhibitor (40 U/µl) and 5 µl of nuc-
lease-free water. Reverse transcription was performed using GeneAmp PCR sys-
tem 9700 (Applied Biosystems, USA). The reaction was performed at 55˚C for 
30 minutes and enzyme inactivation at 85˚C for 5 minutes. 

2.3.3. Primer Designing and Optimization  
The primers used in this study were designed using the National Center for Bio-
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technology Information’s (NCBI) Primer Blast tool  
https://www.ncbi.nlm.nih.gov/tools/primer-blast. Reference sequences of the 
genes were retrieved from GenBank in FASTA format and used to design the in-
dividual sequences for forward and reverse primers. A range of 70 - 300 bps, 
40% - 60% GC content, and self-complementarity not exceeding 2 were targeted. 
To confirm the PCR products sizes, primer sequences were checked using the 
Sequence Manipulation Suite (SMS). Primers sequences and optimization con-
ditions are presented in Table 2. 

2.3.4. qRTPCR Analysis 
The expression levels of the target genes were assessed using qRTPCR real time 
thermal cycler qTOWER3 84 GmbH (Analytik Jena). The qRTPCR reaction was 
performed using Luna® Universal qRTPCR Master Mix (NEBM3003S, New Eng-
land Biolabs) following manufacturer’s instructions. A 20 µl reaction contained 
10 µl of the Luna® master mix, 0.5 µl each of the forward and reverse primers (10 
pmol/µl), 2 µl of cDNA and 7 µl of nuclease-free water. All reactions were car-
ried out in triplicate. The qRTPCR was done using the program; initial denatu-
ration: 95˚C for 60 seconds, 40 cycles of; denaturation: 95˚C for 15 seconds, an-
nealing/extension: 62˚C for 30 seconds, melting at 60˚C - 95˚C. Data were ana-
lyzed using Microsoft excel software (version 2019). Expression levels of the tar-
get genes were determined by using the 2^−ddCt method [70], with reference to 
β-Actin housekeeping gene. Figure 1 shows the qPCR products of the target 
genes. 

2.3.5. Relative Gene Expression 
The relative expression levels of the target genes were calculated using the 2^−ddCt 
method. The house-keeping gene β-Actin was used as reference gene to normal-
ize the expression of the target genes. The relative expression was then presented 
as fold change relative to the controls.  
 

Table 2. Primer sequences, annealing temperature and PCR product sizes of the target genes and their NCBI accession numbers. 

Gene name Sequence 
Annealing 
Temp/˚C 

PCR product 
size/bp 

NCBI Ref Seq. PCR Conditions 

NOTCH1 
F 5’GTGGGCTCCCGTGTTTTGTA3’ 

62 300 NM_017617.5 Initial denaturation: 95˚C for 3 min, 
30 cycles of; Denaturation: 95˚C for 

15 s, annealing: 62˚C for 45 s,  
Elongation: 72˚C for 3 min, Final 

Elongation: 72˚C for 10 min 

R 5’TCCCTCACTGGCATGACACA3’ 

CXCR7 
F 5’ATTTGATTGCCCGCCTCAGA3’ 

62 149 NM_020311.3 
R 5’GACGCTTTTGTTGGGCATGT3’ 

MYC 
F 5’TGTTGAAATGGGTCTGGGGG3’ 

62 129 NM_002467.6 
Initial denaturation: 95˚C for 5 min, 
30 cycles of; Denaturation: 95˚C for 

30 s, annealing: 62˚C for 1 min, 
Elongation: 72˚C for 3 min, Final 

Elongation: 72˚C for 10 min 

R 5’TCTCACCTTCTCACCTGCCT 3’ 

FGFR1 
F 5’ATTTCTGCCTTGGCCCTACC3’ 

62 175 NM_001354369.2 
R 5’CTAGCGCAGTCTTTGGGGAA3’ 

β-Actin 
F 5’CGGCATCGTCACCAACTG3’ 

62 153 NM_001101.5 
R 5’ACATGATCTGGGTCATCTTCTC3’ 
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Figure 1. A 4% agarose gel of the optimized primers of the target genes: L: 100 bp ladder, A: β-ACTIN (153 bp), B: 
MYC (129 bp), C: FGFR1 (175 bp), D: NOTCH1 (300 bp), E: CXCR7 (149 bp). 

2.4. Data Analysis 

All experiments were performed in triplicates of at least three replicates. Data 
were presented in Microsoft Excel software (version 2019) and expressed as 
mean ± SE. Analysis of variance was carried out using Graph-pad Prism soft-
ware (v8.4.3) and used to compare the difference between the groups. P. value < 
0.05 was considered as statistically significant. 

3. Results 
3.1. Effect of Dermaseptin B2 on the Proliferation of RD Cells  

The antiproliferative activity of Drs B2 and Doxorubicin was assessed against 
rhabdomyosarcoma (RD) cell line. Treatments were performed in time-points of 
24, 48, and 72-hours. Doxorubicin was used as positive a control. Results indi-
cate that treatments beyond 9 µM lead to complete inhibition of cell prolifera-
tion. The inhibitory concentrations (IC50) of Drs B2 and Doxorubicin for the 
time-points of 24-hours (Figure 2), 48-hours (Figure 3) and 72-hours (Figure 
4) are presented in Table 3. The data reveals that, the activity of both Drs B2 
(5.993 µM) and Doxorubicin (1.886 µM) increases with longer incubation 
(72-hours) of the cells with the treatments. Though Doxorubicin showed greater 
inhibition of the cell growth, when these results were compared using analysis of 
variance (ANOVA), they did not show a significant difference between Drs B2 
and Doxorubicin in all of the treatment time-points.  

3.2. Effect of Drs B2 on Cell Migration  

The effect of Drs B2 and Doxorubicin on cell migration is depicted in Figure 5. 
The normal morphology of the RD cells before each treatment are shown (letters  
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Figure 2. Effects of Drs B2 and doxorubicin on the cells for 24-hour treatment. Cells were 
cultured in DMEM and plated in 96-well plates after which treatment was performed. 
Cell viability was determined by staining cells with Resazurin cell viability dye and incu-
bated for 24-hours and plates were read on plate reader Infinite M1000 (Tecan) machine. 
Each experiment was performed at least in three replicates. Results were presented as 
mean ± SE.  
 

 
Figure 3. Effects of Drs B2 and doxorubicin on the cells for 48-hour treatment. Cells were 
cultured in DMEM and plated in 96-well plates after which treatment was performed. 
Cell viability was determined by staining cells with Resazurin cell viability dye and incu-
bated for 4-hours and plates were read on plate reader Infinite M1000 (Tecan). Each ex-
periment was performed at least in three replicates. Results were presented as mean ± SE.  

https://doi.org/10.4236/abb.2021.1210022


A. A. Abdille et al. 
 

 

DOI: 10.4236/abb.2021.1210022 346 Advances in Bioscience and Biotechnology 
 

 
Figure 4. Effects of Drs B2 and doxorubicin on the cells for 72-hour treatment. Cells were 
cultured in DMEM and plated in 96-well plates after which treatment was performed. 
Cell viability was determined by staining cells with Resazurin cell viability dye and incu-
bated for 4-hours and plates were read on plate reader Infinite M1000 (Tecan). Each ex-
periment was performed at least in three replicates. Results were presented as mean ± SE.  
 
Table 3. IC50 values for Drs B2 and doxorubicin treatments on RD cells during the time 
interval. 

CELL TYPE 

Drs B2  
IC50 (µM) 

Doxorubicin  
IC50 (µM) 

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours 

RD cells (IC50) 7.679 7.235 5.993 4.879 2.701 1.886 

Vero cells (CC50) 20.53 13.87 11.64 11.17 8.138 6.890 

Selectivity Index 
(SI) = CC50/IC50 

2.673 1.917 1.942 2.289 3.079 3.653 

CC50: cytotoxic concentration, IC50: Inhibitory concentration, Drs B2: dermaseptin B2, RD: Rhabdomyo-
sarcoma cells. 

 
An, Bn, Cn). A0, A6, A24, A48 and A72 represent the wound closure of the un-
treated cells (blank control). This result shows that blank control did not have 
effect on cell recovery during the treatments intervals. B0, B6, B24, B48 and B72 
show the effect of Drs B2 on the wound closure of the RD cells. This result indi-
cates that Drs B2 inhibited the cell migration and affected the ability of the cells 
to recover, with longer incubation (48, 72-hours) showing stronger effects. Con-
versely, C0, C6, C24, C48 and C72 represent the effect of Doxorubicin on the 
wound closure of the cells. Doxorubicin also inhibited cell migration and af-
fected the recovery of the cells toward wound closure. Altogether, these results 
show the effect of Drs B2 and Doxorubicin on cell migration and motility, which 
is important in the spread of cancer cells and their metastatic process.  
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Figure 5. Wound healing assay. Effect of Drs B2 and doxorubicin on the migration of the cells. Time intervals presented as 0, 6, 
24, 48, and 72-hours of incubation. Arrows indicate the space of the wound during the time-points of the treatments. Images were 
captured in 10× magnification.  

3.3. Gene Expression Analysis 

The effect of Drs B2 on the expression profiles of MYC, NOTCH1, FGFR1, and 
CXCR7 was investigated. Relative gene expression was carried out by comparing 
the expression profiles of the target genes between the treated and untreated RD 
cells and the results were normalized to the reference gene β-Actin. The Livak 
[70] method was used to determine the fold change expression of the target 
genes between the treated and untreated cells. Both Drs B2 and Doxorubicin 
significantly downregulated the expression of all the target genes. Same letters 
on top of bars indicate no significant differences, while different letters indicate 
significant difference using Tukey’s multiple comparison tests (≤0.05) carried 
out in GraphPad Prism software (v8.4.3).  

Effect of Drs B2 and Doxorubicin on the expression of MYC in RD cells at 24, 
48 and 72-hours is shown in Figure 6. At 72-hour treatment (P. value = 0.01), 
MYC was significantly downregulated in the RD cells treated with Drs B2 (fold 
change = 2.4144) and Doxorubicin (fold change: 3.5067). Fold change expres-
sions for all the genes are shown in Table 4. There were no significant differenc-
es in the 24-hour and 48-hour time-points between the treated and untreated 
cells (P. value = 0.4). Conversely, no significant differences were found between 
Drs B2 and Doxorubicin in all of the treatment time-points (P. value = 0.53). 
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Figure 6. MYC expression in RD cells after 24, 48 and 72-hour treatment with Drs B2 and doxorubicin. (A) MYC expression after 
24-hour treatment. (B) MYC expression after 48-hour treatment. (C) MYC expression after 72-hour treatment. Each treatment 
was performed in three replicates.  
 

Table 4. Relative fold changes of the target genes during the treatment intervals. 

Time interval 

Relative fold changes of the target genes after treatment of cells  
with Drs B2 and Doxorubicin 

Drs B2 Doxorubicin 

MYC NOTCH1 CXCR7 FGFR1 MYC NOTCH1 CXCR7 FGFR1 

24 hours 1.5013 2.4667 2.8818 2.3515 2.3483 3.0189 3.9366 2.5943 

48 hours 1.5185 4.6274 4.4430 2.0809 2.7945 4.7481 5.8937 2.3105 

72 hours 2.4144 4.3352 3.9924 2.2543 3.5067 5.7878 5.5799 2.2402 

 
Figure 7 shows the effect of Drs B2 and Doxorubicin on the expression of 

FGFR1. At P. value: 0.01, both Drs B2 and Doxorubicin significantly downregu-
lated FGFR1 in the treated cells at 24, and 48-hours treatments. This downregu-
lation was also significant at the 72-hour (P. value: 0.003) treatment for both Drs 
B2 and Doxorubicin. Fold change expressions are presented in Table 4. There 
was slight reduction in the fold change expression in the 72-hour treatments. No 
significant difference was observed between Drs B2 and Doxorubicin between all 
of the treatment time-points (P. value: 0.9).  

The effect of Drs B2 and Doxorubicin on the expression of NOTCH1 gene is 
shown in Figure 8. At P. value 0.0001, both Drs B2 and Doxorubicin downregu-
lated the NOTCH1 gene in all the treatment intervals of 24, 48 and 72-hour in 
the treated cells compared to the untreated cells. Fold change expressions are 
presented in Table 4. No significant difference was observed between Drs B2 
and Doxorubicin in all of the treatment time-points (P. value = 0.58).   
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Figure 7. FGFR1 expression in RD cells after 24, 48 and 72-hour treatment with Drs B2 and doxorubicin. (A) FGFR1 expression 
after 24-hour treatment. (B) FGFR1 expression after 48-hour treatment. (C) FGFR1 expression after 72-hour treatment. Each 
treatment was performed in three replicates.  
 

 
Figure 8. NOTCH1 expression in RD cells after 24, 48 and 72-hour treatment with Drs B2 and doxorubicin. (A) NOTCH1 ex-
pression after 24-hour treatment. (B) NOTCH1 expression after 48-hour treatment. (C) NOTCH1 expression after 72-hours 
treatment. Each treatment was performed in three replicates. 
 

The effect of Drs B2 and Doxorubicin on the expression of CXCR7 gene is 
shown in Figure 9. At P. value 0.0001, both Drs B2 and Doxorubicin downregu-
lated the CXCR7 gene in all the treatment time-points of 24, 48 and 72-hour in 
the treated cells in comparison to the untreated cells. Fold change expressions 
are presented in Table 4. There was no significant difference between Drs B2 
and Doxorubicin in of the treatment time-points.  
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Figure 9. CXCR7 expression in RD cells after 24, 48 and 72-hour treatment with Drs B2 and doxorubicin. (A) CXCR7 expression 
after 24-hour treatment. (B) CXCR7 expression after 48-hour treatment. (C) CXCR7 expression after 72-hour treatment. Each expe-
riment was performed in three replicates. 

4. Discussion 

The current study sought to investigate the antiproliferative activity of the anti-
microbial peptide Drs B2 against rhabdomyosarcoma (RD) cells and its effect on 
expression of genes involved in the proliferation of cells (MYC), angiogenesis 
(FGFR1, CXCR7) and metastasis (NOTCH1, CXCR7), while using doxorubicin 
as a control anti-cancer drug. Results indicated that Drs B2 has strong antiproli-
ferative activity against rhabdomyosarcoma (RD) cells in time-dependent man-
ner and the inhibitory action of Drs B2 was deducted as time and concentration 
dependent. These findings were in line with previous studies which reported the 
inhibition of cell growth by Drs B2 against various cancer cells with micromolar 
concentrations [62]. In comparison, a Dermaseptin-L1, member of the Derma-
septin family, was reported to have selective inhibitory activity (GI50) of 45µM 
[71], suggesting the higher activity of Drs B2 compared to other family members 
of Dermaseptins. These results notwithstanding, in comparison with Doxorubi-
cin, Drs B2 showed less specificity given the lower selectivity index towards Vero 
Cells, however, the difference is not significant, thus Drs B2 can be a potential 
alternative for treatment.  

One of the main complications associated with cancer treatment is due to 
metastasis to distant organs leading to poor prognosis and survival [72]. Study of 
cell migration is an important aspect of cell’s motility and their ability to metas-
tasize. Drs B2 and Doxorubicin strongly inhibited the migration of the cells and 
prolonged exposure (48 and 72-hours) resulted in the failure of the cells to 
re-establish the wound/scratch. Inhibition of cell’s communication and recovery 
through contact inhibition is an indication of their inability to move and hence 
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interference of their metastatic potential [72]. This result shows that Drs B2 af-
fects factors or genes that involve in cell migration and invasiveness. This result 
is also in further support of the downregulation of FGFR1 gene that involve me-
tastatic process by Drs B2.  

MYC plays many critical functions including proliferation, growth, and 
apoptotic process [21]. This gene has been shown to be dysregulated in different 
human cancers and its inactivation leads to tumor regression and can be tar-
geted for cancer treatment [73]. The downregulation of MYC gene in RD by Drs 
B2 is an indication that it affected processes involving cell proliferation and 
growth. This result can be further supported by the cytotoxicity results of the 
treatments which showed greater inhibitory activity with longer incubation of 
the cells with the treatments. One of the main mechanisms of action of cancer 
therapeutic drugs is induction of apoptosis [74], Drs B2 could also play part the 
process, although a previous study reported that Drs B2 had more necrotic than 
apoptotic activity [62].  

Ignatius et al. (2017) have shown the role of NOTCH1 in embryonal rhabdo-
myosarcoma differentiation and its effect on overall tumorigenesis [28]. A pre-
vious study reported that Ƴ-secretase inhibitors reduced the mobility of RMS 
cells but had no effect on cell cycle or apoptotic processes [27]. This indicates 
Notch pathway inhibition reduces the invasiveness of the cells, therefore, novel 
compounds that can inhibit this pathway could be of critical importance in RMS 
treatment and might have anti-metastatic potential. In this study, Drs B2 (fc: 
4.6275) and Doxorubicin (fc: 5.7878), had significant effect on NOTCH1 expres-
sion in the treated cells. Though fold change expression of NOTCH1 slightly 
reduced for Drs B2 in the 72-hour (fc: 4.3352) interval, this gene was signifi-
cantly downregulated all the treatment intervals (P. value 0.0001). These results 
can be further supported by the activity Drs B2 and Doxorubicin on cell migra-
tion which indicates their possible effect on factors or genes that involve in cell 
motility and invasiveness. The higher efficacy of Doxorubicin could be due to 
the fact that Doxorubicin is used in the management of later stages of RMS and 
metastatic solid tumors [8].   

Fibroblast growth factor receptors (FGFRs) play important roles involving 
survival, motility, homeostasis and carcinogenesis processes [75]. Studies have 
confirmed the amplification and overexpression of FGFR1 in RMS [20] [32] 
[38]. Therefore, novel therapeutic agents that can target and inhibit processes 
including neovascularization of the cells would be crucial in the treatment of 
RMS. Exposure of RD cells to both Drs B2 and Doxorubicin resulted in signifi-
cant downregulation of FGFR1 in all of the treatment intervals, though for both 
Drs B2 (fc: 2.3515, p. value; 0.01) and Doxorubicin (fc: 2.5943, p. value; 0.007), 
were more potent in the 24-hour intervals. Our results are in support of the pre-
viously reported angiostatic effects of Drs B2 [61]. As FGFR1 involves many 
processes including neovascularization and angiogenesis, its downregulation in 
the cells is an indication of the novel anti-angiogenic activity of Drs B2 and inhi-
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bition of the neovascularization in the RD cells.  
CXCR7 was shown to be highly expressed RMS cells and was linked to in-

crease in the adhesiveness of these cells [43]. It was also reported that CXCR7 
has key roles in controlling angiogenic process [40]. The role CXCR7 in control-
ling the metastatic propagation, adhesion, and invasion of RMS cells was also 
reported [41] [43], indicating this gene axis as target for RMS treatment. The 
relative downregulation of CXCR7 in the treated cells compared to the untreated 
cells is further indication of the effect treatment of Drs B2 on neovascularization 
and the anti-angiogenic potential of Drs B2. Chemokines and their receptors 
regulate pro-metastatic propagation of RMS cells increasing motility, chemotaxis 
and expression of MMP as well as cell adhesion [76] [77] [78], but not directly 
involve in RMS cell growth, blocking of the newly identified SDF-1 binding re-
ceptor for CXCR7 [43], by Drs B2 might be target in these cells.  

5. Conclusion 

Drs B2 shows strong antiproliferative activity against RMS cells. Cell migration 
assay results showed that Drs B2 exhibits strong inhibitory activity on cell mi-
gration which could be due to its effect on factors that involve in cell migration 
and motility. Gene expression results showed that Drs B2 downregulates genes 
that involve in proliferation, angiogenesis and metastatic propagation of the 
cells. Further studies are needed to give a better understanding of the detailed me-
chanisms of action as well as the effects of the Dermaseptin B2 peptide in vivo.  
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