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Another Concept of Cancer Interpretation in View of the Interaction between 

Plasma Radiation and DNA 
 

Abstract 

Several studies included our preceding works on different types and doses of plasma sources on both 

normal and cancerous cells. All previous research tried to discuss and interpret cancer treatment 

concepts given plasma and cell interaction. Plasma has an effective role and specification character on 

cancerous cells outcome via many investigations (genetically, immunologically, and biochemically 

measurements) lead us to numerous paths of different theories which may create a new approach for 

considerations. This study was designed using a plasma jet powered by a Tesla coil used for generating 

Cold Atmospheric Pressure Plasma Jet (CAPPJ) from dielectric barrier discharge. The subject samples 

were categorized into three groups, the first was the cancer cell line. The second was normal blood 

samples whereas, the third one was non-exposed blood cells cultivated in CAPPJ-exposed cultures. 

The Cytokinesis Blocked Micronucleus Test (CBMN), a cytome assay, the protein expression of the 

P53 and Bcl2 genes, the interleukins (IL-1β, IL-6, and IL-10), and tumor necrosis factor (TNF-α) were 

the variables used in the current investigation. Results indicated that the direct interaction between 

cells and CAPPJ is more efficient than cells cultivated in CAPPJ-exposed cultures. Cell viability and 

protein expression levels of Bcl2 and P53 genes in CAPPJ irradiated Breast Cancer Cell lines (BCC) 

were remarkably valuable. CAPPJ affects cells via not only free radicals and enhancement of several 

important pathways but may be via direct interaction with DNA. 
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Introduction 

World Health Organization (WHO) defined 

cancer as broad spectrum of diseases which 

can affect almost each and every system of 

the body when abnormal cells grow and 

divide in an uncontrollable manner, move 

away from their usual limitations to 

infiltrate adjacent parts of the body, and/or 

travels to other organs. The later 

progression is called metastasizing and it is 

the prime causes of death from cancer.[1] 

Another definition said that “most cancer is 

a complex and heterogeneous set of 

diseases without a simple definition”. In 

addition, it is believed that between 5 and 

10% of cancer cases are brought on by 

mutation and up to 15% by inflammation; a 

few 80% of cancer cases are "sporadic" 

tumors, the cause of which is yet unclear. 

Even mutations are late events, or 

epiphenomena, in a complex chain of 

circumstances that can explain the genesis 

of the majority of cancer form.[2] 

Cancer primarily develops as a result of 

chromosomal instability. The CBMN 

cytome assay, which Fenech[3] 

demonstrated to be a multi-endpoint 

cytogenetic approach, allowed assessments 

of a variety of nuclear anomalies suggestive 

of a variety of chromosomal instabilities. 

Chromosomal aberrations include 

structural/numerical chromosome 

abnormalities, chromosome mal-

segregation occurring throughout mitosis 

and manifested as micronuclei (MNi), 

anaphase bridge formation manifested as 

nucleoplasmic bridges (NPBs), and gene 

amplification or elimination of unresolved 

DNA complexes manifested as 

nucleoplasmic buds (NBUDs). 

Plasma medicine is an interdisciplinary 

research field that combines plasma physics 

and chemistry with biology and clinical 

medicine to bring new modalities of cancer 

treatment to market. Application of plasma 

to cellular structures has been found to 

generate abundant reactive species. Their 

interaction with cells manipulates cellular 

redox signaling, ultimately resulting in 

changes in surface receptor function, 

initiation of cell cycle arrest, activation of  
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p53 by DNA damage, and subsequent p53-dependent 

apoptosis and other effects on various cells.[4] 

According to another viewpoint, The goal of cancer therapy is 

to encourage the death of malignant cells while sparing 

healthy cells from too much harm (selectivity).[5] As well, the 

absence of functionality of tumor-suppressor gene or the 

overexpression of an anti-apoptotic protein are both important 

pathways in cancer development[6] P53 referred to as "the 

guardian of the genome."[7] In addition, The Bcl2 family of 

proteins is widely studied for its role in apoptosis.[8] Even the 

absence of apoptosis leads to cancer.[9] 

All regulation and communication between our body and mind 

go in a bidirectional flow of neuropeptides, cytokines, and 

hormones.[10] Cytokines are the major mediators of 

communication, particularly regarding inflammation and 

infection.[11] Cytokines play a highly critical position in 

system homeostasis at some point of immune challenge.[12]  

Additionally, they claimed that DNA damage responses could 

be in charge of the start of senescence after inflammatory 

mediators released a variety of cytokines, including IL-1, IL-

6, IL-8, and TGF-β.[13] Pro-inflammatory cytokines like TNF-

α, IL-1, and IL-6, as well as the anti-inflammatory IL-10 

family, cause up- and down-regulation of cellular activity.[14] 

CAPPJ efficacy has been estimated in a variety of medical 

conditions such as osteosarcoma, glioblastoma, melanoma, 

pancreatic, ovarian, breast, and cervical cancer ...etc. it’s 

entirely believed that the major mechanism of the plasma’s 

efficacy is facilitated through the stimulation of debauchery of 

energy via radiation and/or chemical energy.[15]  

The goal of the current study is to try to explain how plasma 

affects cells accurately through its roles in oxidative stress, 

changes in redox state pathways, or direct impact on DNA 

(epigenetically), Then, it tries to interpret the interaction 

between plasma and DNA and its reflection on the realization 

of the concept for cancer definition factors and its treatment. 

Materials and Methods  

Experimental design 
The presented work is designed to clarify the following: Direct 

and indirect (irradiated cultures) effects of CAPPJ exposure 

on the normal whole blood samples and breast cancerous cells. 

harmless and effective exposure doses of CAPPJ for normal 

and cancerous cells respectively and the relationship between 

genetic damage and triggering of the immunological 

cytokines. 

Characters of the plasma jet supplied by the tesla coil 
A cold plasma jet's characteristics may be crucial for having a 

better impact in the biological application, according to 

Elaragi[16] who created a CAPPJ powered by a Tesla coil. As 

a result of the breakdown of a brief spark gap, the capacitor in 

Tesla's coil transformer connected to a coil with a few turns, 

creating a resonant circuit with an oscillation frequency that 

was typically between 20 and 100 kHz and was controlled by 

the capacitance of the capacitor and the inductance of the coil. 

A plasma jet generator, gas flow circuit, and high voltage, low 

current, and high frequency AC make up the experimental 

system as shown in (Figure 1). 

 
Figure 1. Typical voltage-current waveforms of argon plasma jet 

Chemicals  

Chemicals for blood culture were purchased from Gibco 

(Carlsbad, CA, USA) and heat-inactivated fetal calf serum 

(FCS) was purchased from Sigma-Aldrich (St. Louis, MO, 

USA). 

Determination of IL-1β: Human (IL-1β) ELISA Kit was 

purchased from CUSABIO with Catalog Number: CSB-

E08053h. IL-6: Human (IL-6) ELISA Kit was purchased from 

RayBio with Catalog Number: ELH-IL6-001. IL-10: Human 

(IL-10) ELISA Kit was purchased from CUSABIO. TNF-α: 

Human TNF-α ELISA Kit was purchased from ALPCO with 

Catalog Number: 45-TNFHU-E01. Finally, anti- P53 primary 

antibody was purchased from Abcam, ab131442, and anti- 

Bcl2 primary antibody from Abcam, ab131442. 

Subjects and blood sampling 

Subjects 

Normal human blood samples: Eight healthy volunteers 

(4 males and 4 females) with blood samples were collected in 

order to reduce any potential inter-individual heterogeneity in 

treatment response. The donors matched for age, smoking, and 

environment. 

Breast cancer cell line: it was purchased from the Genetic 

Engineering Unit, National Research Centre, Egypt . 

All human blood samples had been drawn under sterile 

conditions and placed in a heparinized vacutainer tube (v = 5 

ml; Becton Dickinson, USA).  

Exposure doses 
Normal whole blood samples were taken from everyone and 

split into two categories: the first was for direct CAPPJ 

exposure to four dose groups (20 (Bl-D1), 40 (Bl-D2), 60 (Bl-
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D3), and 120 (Bl-D4) sec, respectively) at a distance of 3 cm 

from the blood surface, and the second was for an unexposed 

group (control group). The second exposure was indirect and 

involved normal blood that was grown on CAPPJ-exposed 

media with the same 4 dosages (20 (Cl-D1), 40 (Cl-D2), 60 

(Cl-D3), and 120 (Cl-D4) sec, respectively. The identical 

doses were administered directly after conception to the Breast 

Cancer Cell Line (BCC). 

Blood culture  
Before beginning culture and immunological investigations, 

blood samples incubated for 20 hours at 37 °C. For each 

sample, triple blood cultures established for 72 hours in 

accordance with the Evans and O'Riordan methodology.[17] 

Cytokinesis-block micronucleus cytome assay, 

immunological parameters, gene expressions, and 

cell viability assay 
Cytokinesis-block micronucleus cytome assay was carried out 

as described by Fenech. [3, 18] The assay evidenced mitotic alert 

(mono-, bi-, tri-, and quadrinucleated cells), cytotoxicity (MNi 

frequencies, NPBs, and nuclear buds), necrotic and apoptotic 

cells. An enzyme-linked immunosorbent assay for the 

quantitative measurement of human IL-1β, IL-6, IL-10, and 

TNF-α concentrations in cell culture supernatants and plasma. 

P53 and Bcl2 gene expressions were observed using 

electrophoresed proteins on SDS-PAGE in accordance with 

Horiuchi et al.[19] 

Statistical analysis 
The statistical analysis was performed using the Statistical 

Package for Social Science (SPSS) software version 20 for 

Windows, a one-way analysis of variance (ANOVA), and 

Tukey multiple comparison tests (P values of 0.05 were 

considered significant.[20] 

Results and Discussion 

Table 1 represents the cytogenetic data of the direct effect of 

CAPPJ on the normal whole blood; Table 2 indicates indirect 

CAPPJ effects on the normal whole blood.

 

Table 1. The incidence of mono-, bi-, tri-, quadrinucleated, apoptotic, necrotic cells, and the frequencies of micronuclei, NPBs, and 

buds in normal whole blood and CAPPJ irradiated groups (counts in 1000 cells). 

Bl-D4 Bl-D3 Bl-D2 Bl-D1 Control Groups 

(a,c,d) 

810.50±4.13 

(a,b,c) 

869.75±6.44 

(a,b) 

892.88±3.12 
806.13±2.70 796.66±2.99 Mononucleated cells 

(a,b,c,d) 

14.75±0.75 

(a,b) 

0.39±0.05 

(a,b) 

0.57±0.04 
1.61±0.18 2.38±0.12 Mono+ 1 MN 

(a,b,c,d) 

1.44±0.06 
00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 Mono+ 2 MNi 

(a,b,d) 

109.71±3.47 

(a,b,c) 

122.10±6.44 

(a,b) 

100.76±3.12 
185.93±2.65 194.20±3.13 Binucleated cells 

(a,b,c,d) 

5.03±0.20 

(a,b) 

00.00±00.00 

(a,b) 

00.00±00.00 

(a) 

1.33±0.11 
2.55±0.11 Bi+ 1 MN 

00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 Bi+ 2 MNi 

00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 Bi+ 3 MNi 

00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 Trinucleated cells 

00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 Quadrinucleated cells 

00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 NPBs 

(a) 

00.00±00.00 

(a) 

00.00±00.00 

(a) 

00.00±00.00 

(a) 

00.00±00.00 
0.10±0.07 NBUDs 

(a,b,c,d) 

49.68±1.18 
2.45±0.15 3.16±0.12 2.85±0.18 2.90±0.23 Necrotic cells 

(a,b,c,d) 

8.74±0.36 

(a,b,c) 

5.31±0.29 

(a) 

2.64±0.13 

(a) 

2.04±0.03 
1.22±0.06 Apoptic cells 

a: significant when compared with control gp 

b: significant when compared with Bl-D1 gp 

c: significant when compared with Bl-D2 gp 

d: significant when compared with Bl-D3 gp 
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Table 2. The incidence of mono-, bi-, tri-, quadrinucleated, apoptotic, necrotic cells, and the frequencies of micronuclei, NPBs, and 

buds of normal whole blood in CAPPJ irradiated cultures (count in 1000 cells). 

Cl-D4 Cl-D3 Cl-D2 Cl-D1 Control Groups 

(a,b,c,d) 

761.91±1.02 

(a,b,c) 

682.60±1.51 

(a,b) 

714.38±4.27 
798.0±2.32 796.66±3.0 Mononucleated cells 

(a,b,c,d) 

16.38±0.75 

(a,b,c) 

11.38±0.18 

(a) 

7.0±0.27 

(a) 

7.0±0.36 
2.28±0.11 Mono+ 1 MN 

(a,b,d) 

0.77±0.04 

(a,b,c) 

3.19±0.07 

(a,b) 

1.00±0.19 
00.00±00.00 00.00±00.00 Mono+ 2 MNi 

(a,b,c,d) 

68.13±3.44 

(a,b,c) 

156.04±0.99 

(b) 

193.4±4.68 

(a) 

177.63±2.55 
194.20±3.13 Binucleated cells 

(a,c,d) 

2.75±0.31 

(a,b) 

0.80±0.03 

(a,b) 

0.97±0.19 

(a) 

3.0±0.46 
0.00±0.00 Bi+ 1 MN 

(c) 

00.00±00.00 

(c) 

00.00±00.00 

(a,b) 

0.29±0.14 
00.00±00.00 00.00±00.00 Bi+ 2 MNi 

00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 Bi+ 3 MNi 

(a,b,c,d) 

5.63±0.38 

(a,b,c) 

4.39±0.11 
0.39±0.15 00.00±00.00 00.00±00.00 Trinucleated cells 

(a,b,c) 

0.86±0.4 

(a,b,c) 

0.78±0.01 

(a,b) 

0.29±0.14 
00.00±00.00 00.00±00.00 Quadrinucleated cells 

00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 NPBs 

(a,b,c) 

1.63±0.18 

(a,b,c) 

1.68±0.05 
0.39±0.15 

(a) 

0.75±0.16 
0.10±0.07 NBUDs 

(a,b,c,d) 

124.75±0.86 

(a,b,c) 

117.38±1.56 

(a,b) 

65.63±1.28 

(a) 

8.25±0.53 
2.90±0.23 Necrotic cells 

(a,b,c) 

20.58±0.69 

(a,b,c) 

21.43±0.57 

(a,b) 

16.75±0.59 

(a) 

5.38±0.42 
1.22±0.06 Apoptic cells 

a: significant when compared with control gp 

b: significant when compared with Cl-D1 gp 

c: significant when compared with Cl-D2 gp 

d: significant when compared with C-D3 gp 

 

Samples exposed to CAPPJ with different doses (Control, Bl-

D1, Bl-D2, Bl-D3, and Bl-D4 groups) illustrated in Table 1. 

The same previous parameters were recorded for normal 

human blood cultivated in irradiated culture with the same 

CAPPJ doses (Cl-D1, Cl-D2, Cl-D3, and Cl-D4) in Table 2. 

Table 1 showed that, a significant decrease in the genetic 

damage for both doses (Bl-D2 and Bl-D3) groups (mono + 1 

Mn, bi+ 1Mn, and nuclear buds) when compared with control 

and Bl-D1, where the Bl-D4 group recorded significantly high 

incidences of Mni in mono- and binucleated cells. 

Table 1 illustrated a gradually significant increase in the 

incidence of apoptotic cells from group Bl-D1 to Bl-D4 in 

comparison with the control group. There are no significant 

differences for mono+2MN, bi+2MN, bi+3MN, trinucleated, 

quadrinucleated, and nucleoplasmic bridge when its values are 

compared between all groups. Necrotic cells in Bl-D4 

recorded a high frequency of incidence in comparison with the 

other groups. 

There is a significant difference between Bl-D2, Bl-D3, and 

Bl-D4 in mononucleated and binucleated cell counts. The data 

in Table 2 is opposed to that obtained in Table 1. There is a 

high incidence of frequencies of Mni in both mono- and 

binucleated cells and nuclear buds. Also, necrotic and 

apoptotic cells recorded high significant frequencies, 

especially Cl-D4 when compared to control and Cl-D1groups. 

But, Cl-D3 and Cl-D4 groups displayed significant differences 

in trinucleated and quadrinucleated counts when compared 

with control and other groups.              

Table 3 illustrated BCC viability percentages and protein 

expression of Bcl2 and P53 genes. The BCC - Control group 

is considered a reference for cell viability with a value of 

100%. There are gradual decreases in the cell line from the 

BCC-D1 group to the BCC-D4 group (82%, 64%, 51%, and 

10%) respectively. While results recorded a decrease in Bcl2 

protein expression there are increasesinP53 gene expressions.
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Table 3. Cell viability and protein expression levels of Bcl2 and P53 genes in CAPPJ irradiated and non-irradiated Breast Cancer 

Cell lines (BCC). 

Groups BCC-Control BCC-D1 BCC-D2 BCC-D3 BCC-D4 

Cell Viability 100% 82% 64% 51% 10% 

Bcl2 86.10 85.90 76.16 68.25 50.25 

P53 76.76 80.29 91.34 99.92 99.92 

Β-actin 100.0 100.0 99.92 99.92 99.94 

In Table 4 the most effective dose was observed in the Bl-D2 

group for the Bcl2 gene expression and their significant 

difference between all exposed groups when compared with 

the control group. On the other hand, there is a significant 

increase for (Bl-D2, Bl-D3, and Bl-D4) when compared with 

control and Bl-D1 groups for P53 gene expression. 

It is also displayed a regular decrease in protein expression of 

Bcl2 genes from Cl-D1 to Cl-D4 groups when compared with 

the control group, which opposes the regular elevation of 

protein expression of P53 from Cl-D1 to Cl-D4 groups when 

compared with the control group. 

(Figure 2a) illustrated that the first dose group BL-D1 had a 

non-significant difference in the concentrations of IL-1β and 

TNF-α compared to the control group. While there are 

differences in levels of IL-6 and IL-10 that were significantly 

increased. At BL-D2, BL-D3, and BL-D4, there is a 

progressive and significant increase in concentrations of IL-

1β and IL-6 compared to controls and BL-D1. Whereas, IL-10 

levels were raised in the BL-D2 group and gradually decreased 

in the BL-D3 and BL-D4 groups. TNF-α recorded increasing 

levels through BL-D2 and BL-D3 groups but significantly 

decreased in the BL-D4 group. The corresponding attitude 

occurs for the same rating data from (Figure 2b) except for 

the IL-1β values.
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Figure 2. IL-1β, IL-6, IL-10 and TNF-α levels. (a) in serum of CAPPJ irradiated and non-irradiated normal whole blood groups and 
(b) in cultures of CAPPJ irradiated and non-irradiated normal whole blood groups. 

(Figure 3) indicated data of irradiated culture media before 

cultivation and demonstrated that IL-1β, IL-6, IL-10, and 

TNF-α concentrations values were opposed to those recorded 

for all groups in (Figures 2a and 2b) that there are gradually 

decreasing through the four doses groups. 

(Photomicrographs illustrated the different forms of the cell 

types of cytome assay) (Figure 4).

 

 

Figure 3. IL-1β, IL-6, IL-10 and TNF-α levels of normal whole blood groups cultivated in CAPPJ irradiated and non-irradiated 
cultures. 
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(m) (n) (o) 

   

(p) (q) (r) 

   
(s) (t) (u) 

Figure 4. Photomicrographs of the cells scored in the CBMN ‘‘cytome’’ assay. a) Normal binucleated cell; b) Normal mononucleated cells; c) Binucleated 
cell with one MN; d) Mononucleated cell with one MN; e) Mononucleated cell with two MNi; f, g and h) Binucleated cells with NPBs; i and j) Mononucleated 
cells with NBUDs; k) Quadrinucleated cell; l, m, n and o) Necrotic cells with MNi; p and q) Necrotic cells; r, s, t and u) Apoptic cells (Scale bar, 
1.25cm:10µm). 

Muresanu and Khalchitsky[21] concluded that cancer is a 

metabolic, multifactorial, multistage disease in 2022 after 

presenting an integrative review from various sources to 

comprehend the cancer concept. They concentrate on telomere 

variations as indicators of underlying genetic/environmental 

interactions. Physical agents and predisposing elements like 

nutrition and lifestyle are among the many genetic and 

epigenetic factors that are considered. In addition, ideal cancer 

treatments specifically target and destroy tumor cells without 

affecting healthy cells. Therefore, new strategies must be 

created to achieve this target but most anti-cancer drugs work 

by causing   oxidative stress in cancer cells, which is thought 

to be the cause of most macromolecular modifications 

throughout the cell.[22-25] 

CAPPJ and gliding arc plasma exposure can be utilized to 

repair tissues, treat some diseases, and treat tumors, especially 

drug-resistant forms, according to evidence from several 

studies on various types of plasma and their effects on both 

healthy and malignant cells.[26, 27] The most significant 

improvements in the halting of chromosomal instabilities were 

achieved by stimulation of several mitotic checkpoints, 
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followed by apoptosis and necrosis processes, which were 

plasma's most effective roles. The same events were also 

found to increase immunological responses (interleukins and 

TNF-α) and the transcription of anti-tumor genes (P53, 

caspase-3, and Bcl2).[28] 

All the data included in Table 1 suggested amelioration for 

genetic damages in most exposed groups moreover, there are 

significant differences between numbers of mono- and 

binucleated cells that may be attributed to the plasma effect on 

the mitotic index of division. 

Whereas, Table 2 showed an opposite tendency for its 

cytogenetic data when compared with that recorded in Table 

1. There are significant genetic damages represented with high 

frequencies of MNi in both mono- and bi-nucleated cells and 

NBUDs. In addition, there are remarkably significant 

increments of necrotic cell counts correlated with increasing 

exposure doses.  

According to the scored data in Tables 1 and 2, the direct 

exposure of blood cells to CAPPJ originates good effects and 

enhancement for all cytogenetic parameters while there are 

destructive effects for the CAPPJ when exposure occurred to 

the culture media before blood cell cultivation. These records 

impressed that the plasma effect not only depends on the free 

radical effects theory according to many interpretations of the 

previous studies but also may be on other component factors 

of plasma as the spin electrons that initiate resonance directly 

interfere with DNA as discussed by Kang et al.[29] 

Furthermore, CAPPJ is characterized by its safety effects and 

amelioration of genetic damages in normal cells with the 

enhancement of apoptosis pathways and immune activation, 

especially for doses (40 & 60 sec).[30, 31] 

Table 3, explained that the cytotoxicity of plasma exposure is 

directly proportional to dose value. Cell viability was recorded 

(100%, 82%, 64%, 51%, and finally 10%)for doses (0, 20, 40, 

60, and 120 Sec) respectively. These trends are accompanied 

by a gradually significant increase in P53 protein expression 

levels in cell line culture with the ascending values of CAPPJ 

exposure doses. On the contrary, Bcl2 recorded reducing of its 

values with the increase of CAPPJ exposure doses.  

In Table 4 the data discussed that the effects of CAPPJ 

exposure on normal blood cultures were in the same pattern as 

in (Table 3) for P53. But, the protein expression of Bcl2 

displayed a significant decrease in its values when compared 

with the control group, the most decreased value was at 40 Sec 

which gradually increased at60 and 120 Sec but still recorded 

the lowest value when compared with the control and 20 Sec. 

The same model of results occurred for protein expression 

levels of both Bcl2 and P53 genes for normal blood cells 

cultivated in irradiated cultures (Table 4).

 

Table 4. Protein expression levels of P53 and Bcl2 genes in CAPPJ exposure normal whole blood (Direct and Indirect exposure). 

Groups Control BL-D1 CL-D1 BL-D2 CL-D2 BL-D3 CL-D3 BL-D4 CL-D4 

 

Bcl2 

 

M wt. 

 

97.85 

±0.39 

30.0 

a 

94.17 

±0.31 

30.0 

a 

95.16 

±0.46 

30.0 

ab 

54.74 

±0.42 

30.0 

ab 

65.31 

±1.46 

30.0 

abc 

64.88 

±0.25 

30.67 

abc 

68.47 

±0.76 

30.00 

abcd 

87.48 

±0.71 

31.42 

abcd 

42.76 

±0.53 

30.0 

 

P53 

 

M wt. 

 

66.92 

±1.29 

52.63 

 

70.08 

±0.82 

52.66 

 

67.48 

±0.97 

52.64 

ab 

76.79 

±1.12 

52.64 

ab 

85.16 

±1.0 

52.40 

ab 

77.92±1.16 

52.62 

abc 

92.05 

±1.54 

53.17 

ab 

79.36 

±1.23 

52.64 

abcd 

97.46 

±0.42 

52.10 

Β-actin 100 100 99 99 99 98 98 98 98 

Legends as in Tables 1 and 2 

Synergistic antiproliferative and proapoptotic effect of cancer 

therapies may be the goal for the future research.[32] So, in 

normal cells, the P53 protein recorded a low level. The 

production of the P53 protein, which plays three key functions 

in cellular growth capture, DNA repair, and apoptosis, may be 

triggered by DNA damage and extra load signals. The 

development arrest halts the cell cycle's progression and 

prevents the replication of damaged DNA.[33] 

The overview of the obtained results impresses that (Figures 

2a and 2b) showed that in blood there are gradually increasing 

in IL-1β, IL-6, IL-10, and TNF-α levels through the increasing 

of the dose exposure of CAPPJ except doses 60 and 120 sec 

for IL-10 and TNF-α for120 sec only. (Figure 3) displayed 

inhibition of the investigated cytokines observed in the 

irradiated cultures before the cultivation of the normal blood. 

Linard et al.[34] mentioned that they are functionally grouped 

into pro-inflammatory cytokines mainly (IL-1, IL-6, IL-8, and 

TNF-α) and anti-inflammatory cytokines especially (IL-4, IL-

10, IL-1 receptor antagonist (IL-1ra), and (TGF-β). 

All previous data agreed with many researches and literature 

which confirmed that CAPPJ exposure can treat some types of 

cancer and other diseases whether through molecular 

mechanisms of action, cell cycle regulation, activation of cell 

signaling pathways[35] and/or the effect on stromal and 

immune cells.[36, 37] 

Consequently, what is the discussion that describes the ability 

of plasma especially CAPPJ, in killing cancer cells with high 
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selectivity? Moreover, what are the characteristic natures of 

both plasma and DNA, and what is the (cross-talk) between 

them? 

Meyl[38] described the DNA waves (longitudinal) and 

calculated their value as it propagates in the direction of the 

magnetic field vector.The existence of low-frequency 

electromagnetic waves that may affect the physiology of 

living things was proven by Montagnier et al.[39] Additionally, 

they discovered in their lab for the first time that 

electromagnetic waves may replicate DNA in living cells. 

This new biology, which is best described as "digital biology". 

Furthermore, projected biophoton radiation frequencies and 

those theoretically estimated from the DNA structure are in 

agreement with the discovery of magnetic monopoles in 2009 

established the fundamental methodology for an expanded 

field theory. When the DNA wave is examined closely, a 

collection of waves and radiation can be seen. The underlying 

idea is that resonance must first build up, which requires a 

field. Therefore, the discharge of a dispersed field initiates any 

communication between cells.[40, 41] 

Contrary to technological devices, biological systems employ 

an "autofocus" function, or, to put it another way, cells exhibit 

a propensity to enter resonance with one another in the 

presence of scalar waves.[39] 

Therefore, DNA resonance, rather than chemicals, is primarily 

used to govern cell-to-cell communication. Cell-to-cell 

communication is described as "the music that the nucleus 

hears" and is crucial for morphogenesis, cell differentiation, 

homeostasis, cell growth, and cell-to-cell interaction.[42] When 

aberrant and out of tune, aberrant cell-to-cell communications 

may be harmful to the organism's health.[43] 

Furthermore, the repetitions in DNA are a crucial component 

of its resonance function. What do the many repeats in the 

human genome represent? For instance, the (Alu repeat) has 

the most copies in the human genome. Alu is over 300 bp long, 

and there are about one million copies of it in our genome.[44] 

The genomic DNA of cancer cells exhibits the terahertz (THz) 

region molecular resonance fingerprints of DNA methylation, 

as an epigenetic component. In addition, they identified the 

type of cancer cell lines and differentiated between normal and 

cancer DNA by measuring the THz resonances' amplitudes (a 

relatively new diagnostic method).[45] 

However, since 1956 there have been numerous competing 

ideas put forth to explain the plasma resonance phenomenon. 

An expression for the rate of change of electron density in gas 

plasma is obtained from the Boltzmann transport equation, 

according to Wolff.[46] 

The magnetic monopoles were discovered in a cold electron 

plasma (Maxwell's equations), and the frequency of the 

magnetic monopole plasma has an impact on the dispersion 

relation and, consequently, the propagation of electromagnetic 

waves.[47, 48] 

Conclusion 

In conclusion, our presented results revealed that direct 

CAPPJ-exposure is biologically improving benefits when 

compared with cells cultivated in CAPPJ-exposed media. 

Therefore, CAPPJ effects are not restricted to free radicals and 

their contents only, but there is another efficient factor, which 

is plasma and DNA interaction. The lower doses ameliorate 

the genetic damages and enhance the immunological 

responses and induce division and proliferation.[49] Whereas, 

the higher doses induce apoptosis for normal cells and arrest 

of cell cycle and necrosis for cancerous cells (selectivity). This 

leads us to postulate that "It is very important to take into our 

consideration other factors in dealing with cancer concept and 

its treatment or even its diagnosis". The physical nature of 

DNA may regulate its expression without changing its 

sequences (epigenetic factors) as its resonance and the ability 

of plasma to intact with it via its unique components. Chemical 

and physical pollution, pathogens (viral, bacterial …etc) 

invasion, environmental circumstances, psychological stress, 

and many other phenomena and factors are brightly affected 

in disturbing the physical nature of DNA then disrupting its 

energy leads to different diseases and cancer. Finally, it is very 

important to precede more research on this trend in light of the 

new physical theories and instrumentations. 

Acknowledgments 

The authors greatly appreciate Dr. Mahmoud R. Morsy 

consultant of internal medicine physician in Military 

Production Hospital, for his supervision on blood sampling 

and medical advice.  

Conflict of interest 
None.  

Financial support 
None.  

Ethics statement 
The research is approved by the Research Ethics Committee 

of the National Centre of Radiation Research and Technology 

(REC-NCRRT) with No. 1H/20.  

References 

1. WHO. Report on cancer setting priorities, investing wisely and 

providing care for all. 2020; ISBN 978-92-4-000129-9 (electronic 

version) ISBN 978-92-4-000130-5 (print version).  

2. Brüche BL, Jamall JS. Cell-cell communication in the tumor 

microenvironment, carcinogenesis, and anticancer treatment. Cell 

Physiol Biochem. 2014b;34(2):213-43. 

3. Fenech M. Cytokinesis-Block Micronucleus Cytome Assay Evolution 

into a More Comprehensive Method to Measure Chromosomal 

Instability. Genes. 2020;11(10):1203. 

4. Mitra S, Nguyen LN, Akter M, Park G, Choi EH, Kaushik NK. Impact 

of ROS generated by chemical, physical, and plasma techniques on 

cancer attenuation. Cancers. 2019;11(7):1030.  



Ahmed, et al.: Different view for Cancer Definition, Diagnosis, and Treatment 

Clinical Cancer Investigation Journal | Volume 11 | Issue 4 | July – August 2022                                                                                                           43 

5. Gerl R, Vaux DL. Apoptosis in the development and treatment of 

cancer. Carcinogenesis. 2005;26(2):263-70. 

6. Sensenig R, Kalghatgi S, Cerchar E, Fridman G, Shereshevsky A, 

Torabi B, et al. Non-thermal Plasma Induces Apoptosis in Melanoma 

Cells via Production of Intracellular Reactive Oxygen Species. Ann 

Biomed Eng. 2013;39(2):674-87. 

7. Chen S, Chen Y, Ma S, Zheng R, Zhao P, Zhang L, et al. Dietary fiber 

intake and risk of breast cancer: A systematic review and meta-analysis 

of epidemiological studies. Oncotarget. 2016;7(49):80980-9.  

8. Czabotar PE, Lessene G, Strasser A, Adams JM. Control of apoptosis 

by the BCL-2 protein family: implications for physiology and therapy. 

Nat Rev Mol Cell Biol. 2013;15(1):49-63. 

9. Ladokhin SA. Regulation of Apoptosis by the Bcl-2 Family of Proteins: 

Field on a Brink. Cells. 2020;9(9):1-2.  

10. Pert C. The Molecules of Emotion: The Science behind Mind–Body 

Medicine. New York, NY: Simon & Schuster, 1997; Inc. 

11. Natea M, Joosten LA, Latz E, Mills KHG, Natoli G, Stunnenberg HG, 

et al. Trained immunity: a program of innate immunity memory in 

health and disease. Science. 2016;35(6284):3-19. 

12. Turner M, Nedjai B, Hurst T, Hurst T, Pennington DJ. Cytokines and 

chemokines: at the crossroads of cell signaling and inflammatory 

disease. Biochim Biophys Acta. 2014;1843(11):2563-82. 

13. Khodamoradi E, Hoseini Ghahfarokhi M, Amini P, Motevaseli E, 

Shabeeb D, Musa AE, et al. Targets for protection and mitigation of 

radiation injury. Cell Mol Life Sci. 2020;77(16):3129-59.  

14. Zhang JM, An J. Cytokines, inflammation, and pain. Int Anesthesiol 

Clin. 2007;45(2):27-37. 

15. Privat-Maldonado A, Bogaerts A. Plasma in Cancer Treatment. 

Cancers. 2020;12(9):2617.  

16. Elaragi GM. Non-Equilibrium Plasma Jet at Atmospheric Pressure 

Powered by Tesla Coil. J At Mol Condens Nano Phys. 2019;6(1):11-9. 

17. Evan HJ, O’Riordan M. Human peripheral blood lymphocytes for the 

analysis of chromosome aberrations in mutagen tests. Mutat Res. 

1975;31(3):135. 

18. Fenech M. The in vitro micronucleus technique. Mutat Res. 

2000;455(1-2):81-95. 

19. Horiuchi N, Nakagava K, Sasaki Y, Minato K, Fujiwara Y, Nezu K, et 

al. In vitro antitumor activity of mitomycin C derivative (RM49) and a 

new anticancer antibiotic (FK973) against lung cancer cell lines 

determined by tetrazolium dye (MTT) assay. Cancer Chemother 

Pharmacol. 1988;22(3):246-50. 

20. Festing MF, Altman DG. Guidelines for the design and statistical 

analysis of experiments using laboratory animals. ILAR J. 

2002;43(4):244-58.   

21. Muresanu C, Khalchitsky S. Updated Understanding of the Causes of 

Cancer, and a New Theoretical Perspective of Combinational Cancer 

Therapies, a Hypothesis. DNA Cell Biol. 2022;41(4):342-55. 

doi:10.1089/dna.2021.1118 

22. Takahashi K, Yasui H, Taki S, Shimizu M, Koike C, Taki K, et al. Near-

infrared-induced drug release from antibody–drug double conjugates 

exert a cytotoxic photo-bystander effect. Bioeng Transl Med. 

2022;7(3):10388. 

23. Filiz AK, Joha Z, Yulak F. Mechanism of anti-cancer effect of β-glucan 

on SH-SY5Y cell line. Bangladesh J Pharmacol. 2021;16(4):122-8. 

24. Lee WH, Loo CY, Traini D, Young PM. Inhalation of nanoparticle-

based drug for lung cancer treatment: Advantages and challenges. 

Asian J Pharm Sci. 2015;10(6):481-9. 

25. Van Dijk B, Lemans JV, Hoogendoorn RM, Dadachova E, De Klerk 

JM, Vogely HC, et al. Treating infections with ionizing radiation: a   

historical perspective and emerging techniques. Antimicrob Resist 

Infect Control. 2020;9(1):1-1. 

26. Ahmed MM, Aragi GM, Elhadary AM, Montaser SA. Cytogenetic and 

immunological effects on human blood cultures resulting from cold 

pulsed atmospheric pressure plasma jet exposure. Plasma Med. 

2012;2(4):191-205. 

27. Ahmed MM, Aragi GM, Elhadary AM, Said ZS. Promising Trial for 

Treatment of Chronic Myelogenous Leukemia Using Plasma 

Technology. Plasma Med. 2013;3(4):311-34.  

28. Elhadary AMA, El-Aragi GM, Ahmed MM, Said ZS. Assessment of 

Cytogenetic Instability and Gene Transcription of Chronic 

Myelogenous Leukemia Cells Exposed to Non-thermal Plasma. J Cytol 

Histol. 2015;6(6):371.   

29. Kang T, Kown J, Kumar N, Choi E, Kim K. Effects of a Non-Thermal 

Atmospheric Pressure Plasma Jet with Different as Sources and Modes 

of Treatment on the Fate of Human Mesenchymal Stem Cells. Appl Sci. 

2019;2(9):1-10. 

30. Bisag A, Bucci C, Coluccelli S, Girolimetti G, Laurita R, De Iaco P, et 

al. Plasma-activated Ringer’s Lactate Solution Displays a Selective 

Cytotoxic Effect on Ovarian Cancer Cells. Cancers. 2020;12(2):476. 

31. Kaushik NK, Kaushik N, Wahab R, Bhartiya P, Linh NN, Khan F, et 

al. Cold Atmospheric Plasma and Gold Quantum Dots Exert Dual 

Cytotoxicity Mediated by the Cell Receptor-Activated Apoptotic 

Pathway in Glioblastoma Cells. Cancers. 2020;12(2):457.  

32. Mao A, Qin Q, Yang W, Wei C. Synergistic anticancer mechanisms of 

curcumol and paclitaxel in triple-negative breast cancer treatment may 

involve down-regulating ZBTB7A expression via the NF-B signaling 

pathway. Iran J Basic Med Sci. 2022;25(5):652. 

33. Laptenko O, Prives C. p53: master of life, death, and the epigenome. 

Genes Dev. 2017;31(10):955-6. 

34. Linard CA, Ropenga MC, Vozenin-Brotons AC, Mathe D. Abdominal 

irradiation increases inflammatory cytokine expression and activates 

NF-B in rat ileal muscularis layer. Am J Physiol Gastrointest Liver 

Physiol. 2003;285(3):556-65.  

35. Semmler ML, Bekeschus S, Schäfer M, Bernhardt T, Fischer T, Witzke 

K, et al. Molecular Mechanisms of the E_cacy of Cold Atmospheric 

Pressure Plasma (CAP) in Cancer Treatment. Cancers. 2020;12(2):269. 

36. Biscop E, Lin A, Van Boxem W, Van Loenhout J, De Backer J, Deben 

C, et al. Influence of Cell Type and Culture Medium on Determining 

Cancer Selectivity of Cold Atmospheric Plasma Treatment. Cancers 

2019;11(9):1287.  

37. Ahmed MM, Said ZS, Montaser SA. Chronic Myelogenous Leukemia: 

Cytogenetic and Biochemical Consequences and Applications for 

Diagnosis and Judgment. J Cytol Histol. 2014;4:015. 

38. Meyl K. DNA and Cell Resonance, Communication of Cells Explained 

by Field Physics Including Magnetic Scalar Waves, 2nd edition. 2011a 

(Villingen: INDEL Publ.). 

39. Montagnier L, Del Giudice E, Aïssa J, Lavallee C, Motschwiller S, 

Capolupo A, et al. Transduction of DNA information through water and 

electromagnetic waves. Electromagn Boil Med. 2015;34(2):106-12. 

40. Meyl K. DNA–Reading and writing by scalar waves. 2 nd World DNA 

Day–China, 2011. InTrack 2.7, conf. proc 2011 (p. 101). 

41. Meyl K. DNA and cell resonance: magnetic waves enable cell 

communication. DNA Cell Biol. 2012;31(4):422-6. 

42. Scholkmann F, Fels D, Cifra M. Non-chemical and non-contact cell-to-

cell communication: a short review. Am J Transl Res. 2013;5(6):586-

93.  

43. McCrea PD, Gu D, Balda MS. Junctional music that the nucleus hears: 

cell-cell contact signaling and the modulation of gene activity. Cold 

Spring Harb Perspect Biol. 2009;1(4):a002923. 

44. Kim TM, Jung YC, Rhyu MG. Alu and L1retroelements are correlated 

with the tissue extent and peak rate of gene expression, respectively. J 

Korean Med Sci. 2004;19(6):783-92.  

45. Cheon H, Yang HJ, Lee SH, Kim YA, Son JH. Tera hertz molecular 

resonance of cancer DNA. Sci Rep. 2016;6(1):37103.  

46. Wolff PA. Theory of Plasma Resonance. Phys Rev. 1956;103(4):845. 

47. Jung YD, Murakami I. Quantum effects on magnetization due to 

ponderomotive force in cold quantum plasmas. Phys Lett A. 

2009;373(10):969-71. 

48. Shukla N, Shukla PK, Eliasson B, Stenflo L. Magnetization of a 

quantum plasma by photons. Phys Lett A. 2010;374(15-16):1749-50. 

49. Stefan M, Zamanian J, Brodin G, Misra AP, Marklund M. 

Ponderomotive force due to the intrinsic spin in extended fluid and 

kinetic models. Phys Rev. 2011;83(3):036410. 

 

 

 

 

 

 

 

 


