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ABSTRACT

Submitted: 2025-09-29  Breast cancer isthe most common cancer that causes death in women in the world.

Accepted :2025-11-28  Cancer development is facilitated by the inhibition of apoptosis and induction
of angiogenesis. Current cancer therapy still encounters problems in the form
of recurrence, resistance, and side effects of drugs. Non-contact static electric
field therapy, electro capacity cancer therapy (ECCT) with medium frequency, is a
therapy developed to inhibit the proliferation of tumor cells. This study aimed to
determine the mRNA expression of p53, Apaf-1, survivin related to apoptosis and
NF-«B, bFGF and TSP-1 related to angiogenesis in rat breast tumor tissue after
ECCT frequency of 150 kHz. Breast tissue samples and rat breast tumor nodules
stored in RNA later at -20°C were used. The tissue was obtained from the non-
induction non-therapy (NINT) group, induction non-therapy (INT), non-induction
therapy (NIT), and induction therapy (IT). mRNA expression of p53, Apaf-1, NF-
kB, bFGF and TSP-1 were analyzed using qRT-PCR and calculated with the Livak
formula. Data were analyzed using one-way Anova and post-hoc LSD. The results
showed that, mRNA expression of p53, Apaf-1 and TSP-1 in the IT group increased
significantly, and mRNA expression of survivin and bFGF decreased significantly
compared to the INT group. However, the expression of NF-xB mRNA in the
IT group remained the same as in the INT group. In conclusion, ECCT with a
frequency of 150 kHz upregulates p53, Apaf-1 and TSP-1 mRNA expression and
downregulates survivin and bFGF mRNA expression but have no effect on NF-kB
mRNA expression in rat breast tumor tissue.

ABSTRAK

Kanker payudara merupakan kanker paling umum dan menjadi penyebab
kematian tertinggi pada wanita di seluruh dunia. Perkembangan kanker
diperantarai oleh penghambatan apoptosis dan induksi angiogenesis. Terapi
kanker saat ini masih menghadapi berbagai masalah berupa kekambuhan,
resistensi, dan efek samping obat. Terapi medan listrik statis non-kontak,
electro capacity cancer therapy (ECCT) dengan frekuensi menengah, merupakan
terapi yang dikembangkan untuk menghambat proliferasi sel tumor. Penelitian
ini bertujuan untuk mengetahui ekspresi mRNA p53, Apaf-1, survivin yang
berhubungan dengan apoptosis serta NF-kB, bFGF, dan TSP-1 yang berhubungan
dengan angiogenesis pada jaringan tumor payudara tikus setelah diberi
perlakuan ECCT dengan frekuensi 150 kHz. Sampel jaringan payudara dan nodul
tumor payudara tikus yang disimpan dalam RNA later pada -20°C digunakan
dalam penelitian ini. Jaringan tersebut berasal dari kelompok non-terapi non-
induksi (NINT), non-terapi induksi (INT), terapi non-induksi (NIT), serta terapi
induksi (IT). Ekspresi mRNA p53, Apaf-1, NF-kB, bFGF, dan TSP-1 dianalisis
menggunakan gRT-PCR dan dihitung dengan rumus Livak. Data dianalisis
menggunakan one-way Anova dan post-hoc LSD. Hasil penelitian menunjukkan
bahwa ekspresi mRNA p53, Apaf-1, dan TSP-1 pada kelompok IT meningkat

Keywords: secara signifikan, dan ekspresi mRNA survivin serta bFGF menurun secara
breast cancer; signifikan dibandingkan kelompok INT. Namun, ekspresi mRNA NF-kB pada
ECCT; kelompok IT tetap sama seperti pada kelompok INT. Simpulan, ECCT dengan
apoptosis; frekuensi 150 kHz meningkatkan ekspresi mRNA p53, Apaf-1, dan TSP-1 serta
angiogenesis; menurunkan ekspresi mRNA survivin dan bFGF, tetapi tidak memberikan efek
gene expression terhadap ekspresi mRNA NF-«B pada jaringan tumor payudara tikus.
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INTRODUCTION

For the last decades, breast cancer,
categorized as in situ and invasive
(infiltrating) carcinoma, is the most
common malignancy cancer type
influencing women and acts as the death-
leading cause for women in the world
after cervical cancer. Globally, with an
estimated 2.26 million cases expected to
be recorded in 2020, breast cancer is the
most widely diagnosed cancer, the most
common cause of cancer death among
women, and a serious global health
concern.>>¢ Currently, the damaging
side effects of breast cancer therapies
associated with psycho-neurological
and postoperative symptoms in these
patients designate as a critical public
health concern.””® Furthermore, anti-
cancer therapy of breast tumors is
challenging due to the progression of
disease that is highly metastatic to the
brain, bone, lung, and liver.'”® Thus,
novel technologies in the management of
breast cancer, and optimal approaches
to target breast cancer are challenging
to develop. Electric-based cancer
therapy has reportedly been utilized
as an alternative non-drug co-therapy
for a variety of symptoms associated
with cancer, including cancer-related
pain, vomiting, postoperative intestinal
obstruction, stiffness, lethargy, hot
flashes, anxiety, sleeplessness, and
others.'*!? Previous studies have been
confirmed that electro capacitive cancer
therapy (ECCT) inhibit the growth of
breast cancer cells and tumor tissue in
rat and induces body immune system
to destroy tumor cells.’*'” Importantly,
molecular biomarkers associated with
apoptosis and angiogenesis are some
of the critical prognostic patterns
used in evaluating of hallmarks of
cancer.’®20  Therefore, the electro-
capacity therapeutic effect especially
related to biomarkers of apoptosis and
angiogenesis in enhancing the efficacy of
breast cancer treatment holds promising
to be evaluated.

Electro capacitive cancer therapy

(ECCT) is a constructed-sub-systems as
a non-contact alternating current (AC)
electric field (EF)-based cancer therapy
that uses the low-intermediate intensity
electro-static wave sources (<30Vpp)
and low-intermediate  frequencies
(<100-200 kHz) to generate a relatively
larger electrical field intensity near
the tissue interfaces of peripheral and
intra-tissue malignancy.!*>* Previous
pre-clinical and clinical studies have
been demonstrated that ECCT low-
frequency (100 kHz) and low intensity
(18 Vpp) effectively arresting tumor
proliferation, inhibiting tumor growth,
inducing tumor cell’s apoptosis without
adversely affecting the leukocyte
profile. 13172226 Furthermore, ECCT
can inhibit the proliferation of breast
tumors by decreasing the expression of
PCNA, and ErbB2, increasing caspase 3,
and macrophage CD68 on histological
observations, as well as down-regulated
CCL-2 and IL8 genes.?s?” Furthermore,
it was reported that exposure to low-
intensity (18 Vpp) and medium-frequency
(100 kHz) non-contact electric fields
inhibited mammary tumor growth in
mice by inducing CD8+ T cells activation,
inhibiting M1 to M2 macrophage
polarization, and decreasing CD4/CD8
ratio leading to tumor cell death.'*
Impaired regulations of apoptosis
and angiogenesis process are two of the
hallmarks of cancer.?®?° Moreover, gene
expression analysis can offer prognostic
and predictive characteristics that aid in
defining tumor biomarkers and creating
more targeted treatments.*® Since cancer
cells have lower levels of apoptotic
protease activating factor-1 (Apaf-1) than
normal cells, they are well recognized to
beresistanttoapoptosis.®! Inthe apoptosis
intrinsic pathway, as cytochrome c
is released from mitochondria, Apaf-
1 determines whether it will remain
stable or break down.* Interestingly,
the apoptosis process can be blocked by
inhibitors of apoptosis proteins (IAPSs),
mainly survivin/BIRC5.33 In breast cancer
previous studies, survivin expression
has been found to be associated
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with chemotherapy resistance, a bad
prognosis, and increasing expression.3+3s

In another Iline, tumor cell
proliferation can trigger the process of
tumor angiogenesis, the mechanism of
which is regulated by several pathways,
namely protein kinases, cell cycle,
and transcription factors.®**” In many
different cancers, including breast
cancer, tumor cell angiogenesis can
encourage tumor growth, facilitate
tumor progression, and increase
tumor aggressiveness.®*% Some of the
mediators and signaling pathways
associated with tumor angiogenesis
include hypoxia inducible factor-la
(HIF-1a), nuclear factor kappa-B (NF-
kB) and vascular endothelial growth
factor (VEGF), platelet-derived growth
factor (PDGF) and basic fibroblast
growth factor (bFGF).®4142 The NF-xB
transcription factor will regulate target
genes that influence the process of
breast tumor invasion, metastasis and
angiogenesis such as bFGF and VEGF.*
In addition, thrombospondins (TSPs) -1
and -2 were one of the first inhibitors
of angiogenesis proteins identified,
a property later attributed to their
interactions with endothelial cell surface
receptors.* The expression levels of the
tumor suppressor gene p53, oncogenes
like myc and ras, and TGF- activity are all
tightly correlated with the involvement
of TSP-1 in tumor growth.*

(DMBA) is a well-established
polycyclic aromatic hydrocarbon used
to induce mammary carcinogenesis
in rodents by causing DNA
adduct formation and mutagenic
transformation in mammary epithelial
cells. The DMBA-solvent (corn oil)
group serves as the vehicle control to
differentiate the biological effect of
the carcinogen itself from potential
nonspecific effects of the solvent. The
DMBA-induced group represents the
tumor-bearing model to evaluate ECCT’s
therapeutic modulation of molecular
markers associated with apoptosis and
angiogenesis. In the present of study, we
elucidate the mRNA expression of p53,

Apaf-1, survivin, NF-kB, bFGF and TSP-
1 related to angiogenesis in rat breast
tumor tissue after ECCT frequency of
150 kHz. This gene panel was selected
to represent complementary molecular
pathways through which ECCT may
exert antitumor effects: p53 and Apaf-1
as pro-apoptotic markers, survivin and
NF-xB as anti-apoptotic regulators, and
TSP-1 and bFGF as opposing angiogenic
modulators. The 150 kHz frequency was
selected as it represents the optimal
therapeutic window shown to modulate
cellular polarization without causing
dielectric heating or membrane damage
in previous ECCT optimization studies.

MATERIAL AND METHODS
Research design

Female Sprague-Dawley rats aged
6-8 wk (180-200 g) were used. Animals
were housed under controlled conditions
(temperature 22 + 2 °C, humidity 55 +
10%, 12:12 h light-dark cycle) with ad
libitum access to food and water. Each
experimental group consisted of six
rats (n = 6). The design of this study was
an experimental-based study with a
post-test-only control group design that
used four treatment groups i.e. 1) rats
administered corn oil (vehicle) without
DMBA induction or ECCT exposure
(NINT/normal control); 2) DMBA solvent-
induced animal group and treated with
ECCT (NIT); 3) rats induced with DMBA
(20 mg/kg BW, orally once a week for 5
consecutive wk) to establish mammary
tumors without ECCT treatment (NIT/
DMBA-induced tumor); 4) rats induced
with DMBA and subsequently treated
with ECCT once tumors reached palpable
size (DMBA-induced + ECCT/IT).

Sample and ethical clearance

The sample used in this study
was nodule breast tumor tissue which
was a collection from the Laboratory
of Biochemistry, Faculty of Biology,
Universitas Gadjah Mada. The samples
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were obtained from rats that had been
induced with DMBA at a dose of 20 mg/
kgBW, which were administered orally
twice a week for 5 wk. Animal trials in
the NIT and IT groups were treated by
the ECCT for 2x5 hr per day for 21 d. On
the 22 day, the animals were sacrificed
for tissue isolation.?

Non-contact  electro  capacitive
cancer therapy (ECCT) was applied
using a parallel-plate capacitive system
operating at 150 kHz and 18 Vpp
(equivalent to ~1.5 V/cm field strength).
The electrode plates were positioned 3
cm apart, enclosing the tumor-bearing
region without direct contact with the
skin. Each session lasted 4 hr per day for
14 consecutive d. All treatments were
performed in a temperature-controlled
environment (22 + 2°C)

This research was carried out at
the Genetic Engineering Laboratory,
Biotechnology Study Program, Graduate
School, Universitas Gadjah Mada. This
study used an ethical clearance (EC)
certificate with number: 00029/04/
LPPT/2018 obtained fromtheInstitutional
Animal Care and Use Committee of
the Integrated Research and Testing
Laboratory, Universitas Gadjah Mada,
Yogyakarta.

Quantitative RT-PCR

Total RNA was isolated from
tissue samples using Direct-zol RNA
Microprep Kits (Cat.No. R2072, Zymo
Research, CA, USA) according to the
manufacturer’s recommendations.
Total RNA was quantified by NanoDrop
spectrophotometer (Maestrogen,
MaestroNano, Hsinchu, Taiwan)
respectively.

Samples of cDNA were synthesized
from total RNA using the cDNA synthesis
kit (Cat.No.BIO-65053, SensiFAST,
Bioline, London, UK). According to the
manufacturer’s recommendations, 500
ng/uL of template cDNA was put to the
final volume of 20 uL of the reaction
mixture. qPCR was performed with the
SYBR Green method (Cat. No. BIO-98005,
SensiFAST, Bioline, London, UK) by a real-
time PCR system (Biorad CFX96, Biorad,
California, USA). Quantitative Reverse
Transcriptase PCR cycle parameters
included 2 min at 95°C, then 40 cycles of
denaturation (5 sec at 95°C), annealing
(10secat58-60°C), and elongation process
(5-20 sec at 72°C). GAPDH was used as
the reference gene. The sequences of the
primers are presented in TABLE 1.

TABLE 1. The sequences of the primers

Annealing
Gene Sequence
temperature
53 Forward: 5-CCAAGAAGGACCAGTCTAC-3’ 60°C
P Reverse: 5-GAGGCAGTCAGTCTGAGTC-3’
Apaf-1 Forward: 5~ACCTGAGGTGTCAGGACC-3’ 58°C
P Reverse: 5’-CCGTCGAGCATGAGCCAA-3
Survivin Forward: 5>-CCTTTGCTGGGCAACCTGGA-3 60°C
Reverse: 5’-GCCTTGCACAACCCTCCCTT-3
NE-xB Forward: 5-TTCCCTGAAGTGGAGCTAGGA-3’ 60°C
« Reverse: 5-CATGTCGAGGAAGACACTGGA-3
TSP-1 Forward: 5’-TCGGGGCAGGAAGACTATGA-3’ 590C
Reverse: 5°-ACTGGGCAGGGTTGTAATGG-3’
bEGFE Forward: 5-TGCCAGAGCCTGC TCTTAAC-3’ 60°C
Reverse: 5’-GATGCCACGGAGATAAGCGA-3
GADPH Forward: 5-TGACAACTTTGGCATCGTGG-3 60°C

Reverse: 5’-GGGCCATCCACAGTCTTCTG-3
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Statistical analysis

Data analysis was performed using
Biorad CFX managerTM software
to obtain quantification cycle (Cq),
quantification curve and melting curve
values from the qRT-PCR results. Changes
in gene expression related to apoptosis
and angiogenesis in the therapy and
non-therapy groups can be identified by
comparing the ACq value of the related
gene with the ACq value of the control or
calibrator. The ACq value of each therapy
and non-therapy group was normalized
using the housekeeping gene by the
Livak formula* and the foldchange
were obtained. The foldchange values
obtained were processed and analyzed
using SPSS 20.0 to test data normality
with Shapiro Wilk to determine the
distribution of data and homogeneity
test with the Lavene test. The data was
then subjected to a one-way Anova
parametric different test to compare
differences between groups and then
continued with the LSD post-hoc test.

RESULTS

ECCT regulate the relative mRNA
expression of p53, Apaf-1, and survivin
related to apoptosis

Analysis of gene expression related
to apoptosis aims to determine the
molecular mechanism of ECCT in
inducing apoptosis of cancer cells
through the genes involved in the
process, especially p53, Apaf-1, and
survivin. The results are demonstrated
in FIGURE 1. Relative mRNA expression
of p53 and Apaf-1 in breast tumor
nodules (INT) showed a significant
decrease compared to normal breast
tissue (NINT). Based on the results of the
study, ECCT therapy with a frequency of
150 kHz significantly induced p53 and
Apaf-1 mRNA expression in breast tumor
(IT) nodules from untreated (INT) tumor
nodules. Whereas p53 and Apaf-1 mRNA
expression in breast tumor nodules (IT)

did not differ significantly from normal
breast tissue (NINT) (p>0.05). In addition,
ECCT therapy with a frequency of 150 kHz
was able to significantly inhibit survivin
expression in breast tumor nodules (IT)
compared to untreated tumor nodules
(INT) (p=0.031). Meanwhile, survivin
expression in breast tumor nodules (IT)
was not significantly different from
normal breast tissue (NINT) (p=0.335).
Interestingly, ECCT exposure in normal
breast tissue (NIT) did not make a
significant difference of p53, Apaf-1 and
survivin mRNA expression compared
to normal breast tissue that was not
exposed to an electric field (NINT).

ECCT regulate the relative mRNA
expression of NF-xB, TSP-1, and bFGF
related to angiogenesis

Angiogenesis is very important
in metastasis and cancer progression.
Therefore, knowing the molecular
mechanisms through the genes involved
particularly NF-xB, TSP-1 and bFGF is
one of the ECCT therapeutic approaches
to prevent angiogenesis in breast cancer.
The results show that ECCT therapy
with a frequency of 150 kHz was able
to significantly increase TSP-1 mRNA
expression and decrease bFGF mRNA
expression significantly in breast tumor
nodules(IT)comparedtountreated tumor
nodules (INT). Whereas the expression
of TSP-1 in breast tumor nodules (IT)
was not significantly different from
normal breast tissue (NINT) (p=0.039).
On the other hand, NF-xB expression in
the ECCT-treated tumor group (IT) was
significantly decreased compared to
normal breast tissue (NINT) (p=0.041).
However, compared to the untreated
tumor group (INT), ECCT did not induce
a further significant inhibition of NF-
kB expression (p>0.05). Interestingly,
ECCT exposure to normal breast tissue
(NIT) did not significantly differ in the
expression of TSP-1, bFGF and NF-xB
compared to untreated normal breast
tissue (NINT).
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FIGURE 1. Relative mRNA expression of p53, Apaf-1, and survivin related to apoptosis
in rat breast tumor tissue after ECCT. Amplification, melt peak chart and
mRNA relative expression of p53 (A, B, C), Apaf-1 (D, E, F) and survivin
(G, H, I). NINT: DMBA solvent-induced animal without ECCT group; NIT:
DMBA solvent-induced animal group and treated with ECCT; INT: DMBA-
induced animal group without ECCT; and IT: DMBA-induced and ECCT-
treated animal groups. (n=6+SD), *p<0.05.
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FIGURE 2. Relative mRNA expression of NF-kB, TSP-1 and bFGF related to angiogenesis
in rat breast tumor tissue after ECCT. Amplification, melt peak chart and
mRNA relative expression of NF-«xB (A, B, C), TSP-1 (D, E, F) and bFGF
(G, H, ). NINT: DMBA solvent-induced animal without ECCT group; NIT:
DMBA solvent-induced animal group and treated with ECCT; INT: DMBA-
induced animal group without ECCT; and IT: DMBA-induced and ECCT-
treated animal groups. (n=6+SD), *p<0.05.
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DISCUSSION

Upregulation of p53, Apaf-1 mRNA

expression and downregulation of
survivin  mRNA expression are
indicated as a result of apoptotic

signaling induced by the ECCT electric
field mainly through the intrinsic
mitochondria-mediated pathway in
tumor cells but does not affect normal
cells. The differences between cancer
cells and normal cells are found in their
metabolism, division, differentiation,
migration, and apoptotic pathways.
Previous studies which reported that
ECCT was able to increase apoptosis
of squamous cancer cells and Hela
cells and decrease their proliferation
compared to normal cells, indicated
that cancer and normal cells showed
different  biological responses to
external disturbances such as electric
field irradiation.'®?” This is presumably
because the electrical properties of the
two cells are different. A previous study
explained that the fluorescence time
of nicotinamide adenine dinucleotide
(NADH), which plays an important
role in electron transport, is different
between cancer cells and normal cells
that have the same origin.?

Exposure to electric fields from ECCT
is thought to trigger DNA damage which
causes p53 to be activated. P53-mediated
upregulation of pro-apoptotic genes can
mediate both extrinsic and intrinsic
apoptotic pathways. The extrinsic
pathway includes several TNFR (tumor
necrosis factor receptor) family death
receptors and, through the creation of
DISC (death-inducing-signing-complex),
r esults in cascades of activation of
caspases, including caspase-8 and
caspase-3, which are main key of the
apoptotic pathway.”® Fas, DR5 (death
receptor-5), and PERP (p53 apoptosis
effector related to PMP-22) are the death
receptors most frequently implicated in
extrinsic apoptosis In the intrinsic case,
p53 regulates the expression of the Bcl-

2 family, including Bax (Bcl-2-associated
X), Noxa, PUMA (P53-upregulated
modulator of apoptosis), and BID (BH3
interacting domain death agonist).*
In response to stress, Bax forms a
homodimer and releases cytochrome C
from mitochondria. Cytocrome C, Apaf-
land pro-caspase-9 then form a complex
called the apoptosome, where caspase-9
is activated and drives caspase-3,
caspase-6, and caspase-7, which induce
cell death.® A previous study showed
that the expression of caspase-3 in
immunohistochemical observations
of breast tumor tissue increased after
being exposed to ECCT 150 kHz.*! This
is in line with the results of the current
study showing that ECCT can trigger
breast tumor cell apoptosis through the
apoptotic pathway mediated by p53 and
caspase-3.

The two main processes involved
in tissue expansion are vasculogenesis
and angiogenesis, which in cancer is
called metastasis.”> The pathogenesis
of cancer metastases consists of a
series of successive and covert steps,
which include growth, angiogenesis,
detachment, invasion, intravasation,
restoration of life in the circulation,
endothelial cell adhesion, and growth
in distant organs.*? Angiogenesis is a
major factor that plays a role in cancer
progression and expansion, especially
in solid tumors.®®* Angiogenesis, the
formation of new blood vessels with
capillary branching, plays an important
role in the pathology of tumor growth,
where the response is influenced by pro-
angiogenic and anti-angiogenic growth
factors.*

The results of this study showed
that the ECCT frequency of 150 kHz
increased the expression of TSP-1
indicating that exposure to an electric
field in cancer cells was able to inhibit
angiogenesis via the TSP-1 pathway,
which is thought to correlate with p53.
DNA damage in response to exposure
to an electric field result in an increase
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in ATM and ATR, which causes CHK1
and CHK2 phosphorylation, then leads
to p53 activation.”® Activated P53 will
then translocate into the nucleus and
increase TSP-1 gene transcription, which
is a potential inhibitor for cancer cell
angiogenesis.>®

The same result also occurred in
the bFGF mRNA expression, where
its expression in tumor cells was also
suppressed after being exposed to ECCT
with a frequency of 150 kHz. FGF-2/
bFGF, also known as basic FGF, is a
major pleiotropic regulatory protein
in the processes of differentiation,
proliferation, migration, and
maintenance of vascular endothelial
cells.> The angiogenic activity of bFGF
occurs first by binding to FGFR, integrin,
and heparin sulfate proteoglycans,
then activation of the Ras/MAP-kinase
pathway which then phosphorylates the
transcription factor C-Jun/C-Fos/C-myc
to increase transcription of the VEGF
gene.>** In addition, the expression
of FGF2 and FGFR in normal cells is
upregulated and downregulated by
receptor internalization signals, but
FGF2/FGFR signaling in cancer cells is
dysregulated.5” The healthy cells are in
coo perative interactions and mostly
run on a mitochondria-regulated
metabolism, generating 36 ATP via the
Krebs cycle.’® In contrast to cancer
cells, which have a high proliferation
rate, the required flux energy is greater.
More intensive use of energy can activate
glycolytic energy production especially
under hypoxic conditions. Mesenchymal
cancer cells are mostly hypoxic, thus
showing a high level of glycolysis.®® So
that the response of angiogenesis in
cancer cells and normal cells is different.

On the other hand, ECCT did not
affect NF-xB expression in breast tumor
tissue. NF-kB is one of the upstream of
bFGF and VEGF gene expression, where
if NF-kB binds to IKK and is activated,
it will then translocate into the nucleus
and increase the expression of bFGF

and VEGF, pro-angiogenesis genes.®* It
is suspected that downregulation of
bFGF is not only initiated by NF-«B, but
also by other mediators such as AP-1
and HIF-la. A possible mechanism
of interaction between the electric
field and the cell is that the electric
field changes the plasma membrane
potential by increasing the activation of
the voltage-gate calcium channel (VGCC),
a Ca2' ion channel, which then triggers
an intracellular signal transduction
cascade response.? A previous study
reported that electric field therapy in
glioblastoma cells was able to inhibit
angiogenesis by reducing the expression
of HIFla, VEGF, and MMP2.> Another
study also reported that after 10 d
after 120 Hz electric field therapy with
magnetic induction intensities of 10, 15,
or 20 mT, the tumor size of mice was
significantly smaller than the control
group.®® Furthermore, exposure to an
electric field with 15 Hz 1.2 mT was able
to increase the expression of Ang-2 and
bFGF but had no significant effect on the
expression of Tie-2, Ang-1, and VEGF.*
This study contributes to the growing
body of evidence that non-contact
electro-capacitive fields can modulate
key apoptotic and angiogenic pathways
in mammary carcinogenesis. By
simultaneously profiling six molecular
targets, this research provides an
integrated view of ECCT’s multifaceted
biological impact. However, as the
findings are based on mRNA expression
levels, further validation at the protein
and functional level is warranted to
confirm mechanistic implications.

CONCLUSION

In conclusion, the observed
modulation of apoptotic and angiogenic
gene expression suggests that ECCT with
a frequency of 150 kHz might represent a
promising non-invasive adjunct therapy
for breast cancer management. Future
studies should explore dose-response
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relationships and combine ECCT with
standard chemotherapeutics or targeted
agents to assess synergistic potential.

ACKNOWLEDGEMENT

The authors are grateful to the

researchers, managers, and technicians,
who contributed and collaborated in this
research. The authors would also like to
recognize Stem Cell and Cancer Research
(SCCR) Indonesia for their support of
research experiment.

REFERENCES

1.

Feng Y, Spezia M, Huang S, Yuan C,
Zeng Z, Zhang L, et al. Breast cancer
development and progression: Risk
factors, cancer stem cells, signaling
pathways, genomics, and molecular
pathogenesis. Genes Dis 2018;
5(2):77-106.
https://doi.org/10.1016/j.
gendis.2018.05.001

Dibden A, Offman J, Duffy SW, Gabe
R. Worldwide Review and Meta-
Analysis of Cohort Studies Measuring
the Effect of Mammography
Screening Programmeson Incidence-
Based Breast Cancer Mortality.
Cancers (Basel) 2020; 12(4):976.
https://doi.org/10.3390/cancers12040976
Bray F, Ferlay ], Soerjomataram I,
Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality
worldwide for 36 cancers in 185
countries. CA Cancer ] Clin 2018;
68(6):394-424.
https://doi.org/10.3322/caac.21492
Torre LA, Islami F, Siegel RL, Ward
EM, Jemal A. Global Cancer in
Women: Burden and Trends. Cancer
Epidemiol Biomarkers Prev 2017,
26(4):444-457.
https://doi.org/10.1158/1055-9965.
EPI-16-0858

Tao Z, Shi A, Lu C, Song T, Zhang Z,
Zhao J. Breast Cancer: Epidemiology

10.

11.

12.

and Etiology. Cell Biochem Biophys
2015; 72(2):333-8.
https://doi.org/10.1007/s12013-014-0459-6
Shang C, Xu D. Epidemiology of
Breast Cancer. Oncologie 2022;
24(4):649-663.
https://doi.org/10.32604/
oncologie.2022.027640

Dittmer J. Breast cancer stem cells:
Features, key drivers and treatment
options. Semin Cancer Biol 2018;
53:59-74.
https://doi.org/10.1016/j.
semcancer.2018.07.007

Palomeras S, Ruiz-Martinez S, Puig T.
Targeting Breast Cancer Stem Cells
to Overcome Treatment Resistance.
Molecules 2018; 23(9):2193.
https://doi.org/10.3390/
molecules23092193

Sahoo D, Mitra T, Chakraborty K,
Sarkar P.Remotely controlled electro-
responsive on-demand nanotherapy
based on amine-modified graphene
oxide for synergistic dual drug
delivery. Mater Today Chem 2022;
25:100987.
https://doi.org/10.1016/j.
mtchem.2022.100987

Pratiwi R, Antara NY, Fadliansyah
LG, Ardiansyah SA, Nurhidayat
L, Sholikhah EN, et al. CCL2 and
IL18 expressions may associate
with the anti-proliferative effect of
noncontact electro capacitive cancer
therapy in vivo. F1000Res 2019;
8:1770.
https://doi.org/10.12688/
f1000research.20727.1

You D, Jang M]J, Lee ], Suh N, Jeong IG,
Sohn DW, et al. Comparative analysis
of periprostatic implantation and
intracavernosal injection of human
adipose tissue-derived stem cells for
erectile function recovery in a rat
model of cavernous nerve injury.
Prostate 2013; 73(3):278-86.
https://doi.org/10.1002/pros.22567
Kim EH, Song HS, Yoo SH, Yoon
M. Tumor treating fields inhibit



InaJBCS, Volume 58, Number 1, 2026 January:

13.

14.

15.

16.

17.

18.

glioblastoma cell migration, invasion
and angiogenesis. Oncotarget 2016;
7(40):65125-36.
https://doi.org/10.18632/oncotarget.11372
Nismayanti A, Baidillah MR,
Triwikantoro, Endarko, Taruno WP.
Wire-mesh capacitance tomography
for treatment planning system of
electro-capacitive cancer therapy. ]
Teknol 2021; 83(6):109-15.
https://doi.org/10.11113/
jurnalteknologi.v83.14362
Alamsyah F, Pratiwi R, Firdausi
N, Pello JIM, Nugraheni SED,
Fadhlurrahman AG, et al. Cytotoxic
T cells response with decreased CD4/
CD8 ratio during mammary tumors
inhibition in rats induced by non-
contact electric fields. F1000Res
2021; 10:35.
https://doi.org/10.12688/
f1000research.27952.2

Sharma R, Sundararajan R. Electric
field distribution study of pancreatic
tumors. ] Cancer Prev Curr Res 2017;
8(7):405-9.
https://doi.org/10.15406/
jcpcr.2017.08.00303

Mujib SA, Alamsyah F, Purwo
Taruno W. Cell Death and Induced
p53 Expression in Oral Cancer, HeLa,
and Bone Marrow Mesenchyme Cells
under the Exposure to Noncontact
Electric Fields. Integr Med Int 2017;
4:161-70.
https://doi.org/10.1159/000485186
Alamsyah F, Fadhlurrahman AG,
Pello JI, Firdausi N, Evi S, Karima
EN, et al. PO-111 Non-contact electric
fields inhibit the growth of breast
cancer cells in animal models and
induce local immune reaction. ESMO
Open 2018; 3:A269.
https://doi.org/10.1136/esmoopen-
2018-EACR25.636
Dominguez-Brauer C, Thu KL,
Mason JM, Blaser H, Bray MR, Mak
TW. Targeting Mitosis in Cancer:
Emerging Strategies. Mol Cell 2015;
60(4):524-36.

19.

20.

21.

22.

23.

24.

25.

https://doi.org/10.1016/j.
molcel.2015.11.006

Pu X, Storr S], Zhang Y, Rakha EA,
Green AR, Ellis IO, et al. Caspase-3
and caspase-8 expression in breast
cancer: caspase-3 is associated with
survival. Apoptosis 2017; 22(3):357-68.
https://doi.org/10.1007/s10495-016-1323-5
Roswall P, Bocci M, Bartoschek M,
Li H, Kristiansen G, Jansson S, et
al. Microenvironmental control
of breast cancer subtype elicited
through paracrine platelet-derived
growth factor-CC signaling. Nat Med
2018; 24(4):463-73.
https://doi.org/10.1038/nm.4494
Wang ], Wu LL, Zhang Y, Purnami
SW, Putra RS, Edina Al et al. You
may also like Establishing a survival
prediction model for esophageal
squamous cell carcinoma based on
CT and histopathological images Cox
Model Survival Analysis to Evaluate
Treatment of Electro-Capacitive
Cancer Therapy (ECCT) For Cancer
Patients. ] Phys 2021; 12036.

Andiani L, Endarko, Al Huda M,
Taruno WP. A novel method for
analyzingelectricfield distribution of
electro capacitive cancer treatment
(ECCT) using wire mesh electrodes:
A case study of brain cancer therapy.
EuroMediterranean Biomed ] 2017;
12(38):178-83.

Alamsyah F, Ajrina IN, Nur F, Dewi
A, Iskandriati D, Prabandari SA, et
al. Antiproliferative Effect of Electric
Fields on Breast Tumor Cells In
Vitro and In Vivo. Indones ] Cancer
Chemoprevention 2015; 6(3):71-7.
https://doi.org/10.14499/indonesian_
jcanchemoprev6iss3pp71-77

Setyaji Y, Pratiwi R. Efek Terapi
Electro-Capacitive Cancer Therapy
(ECCT) terhadap Profil Leukosit dan
Rasio CD4+/CD8+ Sukarelawan Sehat
[Thesis]. Yogyakarta: Universitas
Gadjah Mada. 2020.

Purnami SW, Putra RS, Edina AlI,
Pertiwi IN, Sukur E, Soraya N. Cox



26.

27.

28.

29.

30.

31.

32.

Hidayah N, et al., Non-contact electro capacitive cancer therapy...

Model Survival Analysis to Evaluate
Treatment of Electro-Capacitive
Cancer Therapy (ECCT) For Cancer
Patients. J Phys Conf Ser 2021;
1863(1):012036.
https://doi.org/10.1088/1742-
6596/1863/1/012036

Fathurrohmah S, Cahyadi GABY
P, Alamsyah F, Pratiwi R. Electric
field-based cancer therapy induces
the expression of HMGB1 and PD-
L1 mRNA genes on breast tumor
of female rats. Indones ] Cancer
Chemoprevention 2022; 13(2):128-36.
https://doi.org/10.14499/indonesian_
jcanchemoprev13iss2pp128-136
Nuriliani A, Nurhidayat L, Fatmasari
H, Afina D, Alamsyah F, Taruno
WP, Pratiwi R. Non-Contact Electric
Field May Induced Higher CD4, CD8,
Caspase-8, and Caspase-9 Protein
Expression in Breast Tumor Tissue of
Rats (Rattus norvegicus Berkenhout,
1769). Malaysian Journal of
Fundamental and Applied Sciences
2024; 20(1):74-88.
https://doi.org/10.11113/mjfas.v20n1.3065
Hanahan D. Hallmarks of Cancer:
New Dimensions. Cancer Discov
2022; 12(1):31-46.
https://doi.org/10.1158/2159-8290.
CD-21-1059

Hanahan D, Weinberg RA. Hallmarks
of cancer: The next generation. Cell
2011; 144(5):646-74.
https://doi.org/10.1016/j.cell.2011.02.013
Tabl AA, Alkhateeb A, ElMaraghy
W, Rueda L, Ngom A. A machine
learning approach for identifying
gene biomarkers guiding the
treatment of breast cancer. Front
Genet 2019; 10(MAR):256.
https://doi.org/10.3389/fgene.2019.00256
Robles Al, Bemmels NA, Foraker AB,
Harris CC. APAF-1is a transcriptional
target of p53 in DNA damage-
induced apoptosis. Cancer Res 2001;
61(18):6660-4.

Jemmerson R, Staskus K, Higgins L,
Conklin K, Kelekar A. Intracellular

33.

34.

35.

36.

37.

38.

leucine-rich alpha-2-glycoprotein-1
competes with Apaf-1 for binding
cytochrome c in protecting MCF-7
breast cancer cells from apoptosis.
Apoptosis 2021; 26(1-2):71-82.
https://doi.org/10.1007/s10495-020-
01647-9

Messeha SS, Zarmouh NO, Asiri
A, Soliman KFA. Rosmarinic acid-
induced apoptosis and cell cycle
arrest in triple-negative breast
cancer cells. Eur ] Pharmacol 2020; 885.
https://doi.org/10.1016/j.
ejphar.2020.173419

Petrarca CR, Brunetto AT, Duval V,
Brondani A, Carvalho GP, Garicochea
B. Survivin as a predictive biomarker
of complete pathologic response
to neoadjuvant chemotherapy in
patients with stage II and stage III
breast cancer. Clin Breast Cancer
2011; 11(2):129-34.
https://doi.org/10.1016/j.clbc.2011.03.002
Jha K, Shukla M, Pandey M. Survivin
expression and targeting in breast
cancer. Surg Oncol 2012; 21(2):125-31.
https://doi.org/10.1016/j.
suronc.2011.01.001

Hwang B, Song JH, Park SL, Kim ]T,
Kim W], Moon SK. Carnosine impedes
pdgf-stimulated proliferation and
migration of vascular smooth muscle
cells in vitro and sprout outgrowth
ex vivo. Nutrients 2020; 12(9):1-18.
https://doi.org/10.3390/nu12092697
Ibaraki H, Kanazawa T, Kurano T,
Oogi C, Takashima Y, Seta Y. Anti-
RelA siRNA-Encapsulated Flexible
Liposome with Tight Junction-
Opening Peptide as a Non-invasive
Topical Therapeutic for Atopic
Dermatitis. Biol Pharm Bull 2019;
42(7):1216-25.
https://doi.org/10.1248/bpb.b19-00259
Luo LH, Rao L, Luo LF, Chen K, Ran
RZ, Liu XL. Long non-coding RNA
NKILA inhibited angiogenesis of
breast cancer through NF-xB/IL-6
signaling pathway. Microvasc Res
2020; 129:103968.



InaJBCS, Volume 58, Number 1, 2026 January:

39.

40.

41.

42.

43.

44.

45.

46.

https://doi.org/10.1016/j.mvr.2019.103968
Duffy MJ, O’'Donovan N, Brennan D],
Gallagher WM, Ryan BM. Survivin: a
promising tumor biomarker. Cancer
Lett 2007; 249(1):49-60.
https://doi.org/10.1016/j.
canlet.2006.12.020

Li Y, Ma X, Wu X, Liu X, Liu L.
Prognostic significance of survivin in
breast cancer: meta-analysis. Breast
] 2014; 20(5):514-524.
https://doi.org/10.1111/tbj.12303
Penn JW, Grobbelaar AO, Rolfe
K]J. The role of the TGF-B family in
wound healing, burns and scarring:
a review. Int | Burns Trauma 2012;
2(1):18-28.

Wang S, Mo M, Wang J, Sadia S, Shi
B, FuX, et al. Platelet-derived growth
factor receptor beta identifies
mesenchymal stem cells with
enhanced engraftment to tissue
injury and pro-angiogenic property.
Cell Mol Life Sci 2018; 75(3):547-61.
https://doi.org/10.1007/s00018-017-2641-7
Shimabukuro-Vornhagen A, Draube
A, Liebig TM, Rothe A, Kochanek
M, Von Bergwelt-Baildon MS. The
immunosuppressive factors IL-10,
TGF-B, and VEGF do not affect the
antigen-presenting function of CD40-
activated B cells. J Exp Clin Cancer
Res 2012; 31(1):1-7.
https://doi.org/10.1186/1756-9966-31-47
Song MH, Jo Y, Kim YK, Kook H,
Jeong D, Park WJ. The TSP-1 domain
of the matricellular protein CCN5 is
essential for its nuclear localization
and anti-fibrotic function. PLoS One
2022;17(4):e0267629.
https://doi.org/10.1371/journal.
pone.0267629

Bornstein P. Thrombospondins
function as regulators of
angiogenesis. ] Cell Commun Signal
2009; 3(3-4):189-200.
https://doi.org/10.1007/s12079-009-0060-8
Livak KJ, Schmittgen TD. Analysis of
Relative Gene Expression Data Using
Real-Time Quantitative PCR and

47.

48.

49.

50.

51.

52.

53.

the 2—AACT Method. Methods 2001;
25(4):402-8.
https://doi.org/10.1006/meth.2001.1262
Awasthi K, Chang FL, Hsieh PY,
Hsu HY, Ohta N. Characterization
of endogenous fluorescence in
nonsmall lung cancerous cells: A
comparison with nonmalignant lung
normal cells. ] Biophotonics 2020;
13(5):201960210.
https://doi.org/10.1002/jbio.201960210
Haupt S, Berger M, Goldberg Z, Haupt
Y. Apoptosis - The p53 network. J Cell
Sci 2003; 116(20):4077-85.
https://doi.org/10.1242/jcs.00739
Giilliili O, Hehlgans S, Rodel C, Fokas
E,Rodel F. Tumor suppressor protein
p53 and inhibitor of apoptosis
proteins in colorectal cancer-a
promising signaling network for
therapeutic interventions. Cancers
(Basel) 2021; 13(4):1-22.
https://doi.org/10.3390/cancers13040624
Imao T, Nagata S. Apaf-1- and
Caspase-8-independent apoptosis.
Cell Death Differ 2013; 20:343-52.
https://doi.org/10.1038/cdd.2012.149
Hasbullah OR, Fiddiyanti I,
Handayani DR, Sutedja E, Ismono
D, Hidajat NN, et al. Non-contact
electric field exposure provides
potential cancer therapy through
p53-independent proliferation
arrest and intrinsic pathway
apoptosis induction in MG-63 cell
lines. HAYATTI: Journal of Biosciences
2023; 30(3):522-31.
https://doi.org/10.4308/hjb.30.3.522-531
Chang J-W, Kuo W-H, Lin C-M, Chen
W-L, Chan S-H, Meng, et al. Wild-
type p53 upregulates an early onset
breast cancer-associated gene GAS7
to suppress metastasis via GAS7-
CYFIP1-mediated signaling pathway.
Oncogene 2018; 37:4137-50.
https://doi.org/10.1038/s41388-018-0253-9
Ayoub NM, Jaradat SK, Al-Shami KM,
Alkhalifa AE. Targeting Angiogenesis
in Breast Cancer: Current Evidence
and Future Perspectives of Novel



54.

55.

56.

57.

58.

Hidayah N, et al., Non-contact electro capacitive cancer therapy...

Anti-Angiogenic Approaches. Front
Pharmacol 2022; 13(Feb):1-21.
https://doi.org/10.3389/fphar.2022.838133
Malekian S, Rahmati M, Sari S,
Kazemimanesh M, Kheirbakhsh R,
Muhammadnejad A, et al. Expression
of Diverse Angiogenesis Factor in
Different Stages of the 4T1 Tumor
as a Mouse Model of Triple-Negative
Breast Cancer. Adv Pharm Bull 2020;
2020(2):323-8.
https://doi.org/10.34172/apb.2020.039
Ren B, Yee KO, Lawler J, Khosravi-Far
R. Regulation of tumor angiogenesis
by thrombospondin-1. Biochim
Biophys Acta - Rev Cancer 2006;
1765(2):178-88.
https://doi.org/10.1016/j.
bbcan.2005.11.002

Gao Y, Wang Y, Yu J, Guo R. FGF
Exhibits an Important Biological
Role on Regulating Cell Proliferation
of Breast Cancer When it Transports
Into The Cell Nuclei. Cell Biochem
Biophys 2022; 80(2):311-20.
https://doi.org/10.1007/s12013-021-
01044-2
https://doi.org/10.1007/s12013-021-
00968-z

Cheng SL, Liu RH, Sheu JN, Chen ST,
Sinchaikul§S, Tsay GJ. Toxicogenomics
of A375 human malignant melanoma
cells treated with arbutin. ] Biomed
Sci 2007; 14(1):87-105.
https://doi.org/10.1007/s11373-006-9130-6
Awasthi K, Chang FL, Hsu HY,
Ohta N. Cancer specific apoptosis
induced by electric field: A possible
key mechanism in cell-competition

59.

60.

61.

62.

63.

64.

and photodynamic action. Sensors
Actuators B Chem 2021; 347:130635.
https://doi.org/10.1016/j.snb.2021.130635
Moitra K. Overcoming Multidrug
Resistance in Cancer Stem Cells.
Biomed Res Int 2015; 2015.
https://doi.org/10.1155/2015/635745
Ruan W, Lim HH, Surana U. Mapping
Mitotic Death: Functional Integration
of Mitochondria, Spindle Assembly
Checkpoint and Apoptosis. Front Cell
Dev Biol 2019; 6:177.
https://doi.org/10.3389/fcell.2018.00177
Bakshi HA, Quinn GA, Nasef MM,
Mishra V, Aljabali AAA, El-Tanani M,
et al. Crocin Inhibits Angiogenesis
and Metastasis in Colon Cancer via
TNF-o/NF-KB/VEGF Pathways. Cells
2022; 11(9):1-15.
https://doi.org/10.3390/cells11091502
Peng L, Fu C, Wang L, Zhang Q,
Liang Z, He C, et al. The Effect of
Pulsed Electromagnetic Fields on
Angiogenesis. Bioelectromagnetics
2021; 42(3):250-8.
https://doi.org/10.1002/bem.22330
Goto T, Fujioka M, Ishida M,
Kuribayashi M, Ueshima K, Kubo
T. Noninvasive up-regulation of
angiopoietin-2 and fibroblast growth
factor-2 in bone marrow by pulsed
electromagnetic field therapy. ]
Orthop Sci 2010; 15(5):661-5.
https://doi.org/10.1007/s00776-010-1510-0
Williams CD, Markov MS, Hardman
WE, Cameron IL. Therapeutic
electromagnetic field effects on
angiogenesis during tumor growth.
Anticancer Res 2001; 21(6A):3887-91.



