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Abstract: The Human Epidermal Growth Receptor 2, or the HER2 is one of the highest expressed negative recep-
tor that constitutes approximately 15-20% of malevolent breast cancerous tumors among women. The prevalence
of HER2 has untimely and unfavorable consequences on breast cancer, and its underlying carcinomous cell pro-
cesses, structures, and growth. Trastuzumab (TRZ), a humanized antibody that is rooted in relatively recent founda-
tions, has been found operational in its construction of treatments against HER2-positive breast cancer. This drug
is combined with radiotherapy or chemotherapy to deregulate HER2 genes in the body. However, patients who suf-
fer from evolved tumors in advanced stages of cancer exhibit a good amount of tolerance towards singularly used
TRZ treatment. Inversely, the factorization of Tumor Testing Fields (TTFields or TTFs) into cancer therapy revives the
functions of a TRZ treatment plan, by sensitizing the HER2 genes to the drug. In turn, this facilitates TRZ to continue
limiting cancerous cell multiplication and toxicity levels within the treatment. This research evaluates the aspects
and effects of this pairing, both in vivo and in vitro through BT474 cells. The TTFields conduct an electromagnetic
boundary, which generates sine-wave radiations to manipulate the HER2 gene structure. The methods followed in
the research also examines the gene cell cultures and their viability through solutions like Tryptophan blue, or the
Crystal violet which may or may not deliver certain testmants to the experiment. The Western Blot Test and the IHC
confirm the presence of antibodies and negative receptors in the BT474 cells. These procedures contribute to the
formulation of a treatment plan that overcomes the TRZ-resistant nature of the tumor, which is essentially the aim of
the research. Thus, the paper substantiates that a healthy combination of TTF’s with TRZ can enhance the penetra-
tion of TRZ after inducing apoptosis due to TTFields therapy. The success of a TTField in undertaking this pursuit
makes room for more utilization of it in future cancerous treatment ventures.
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Introduction

One of the reasons for the increased mortality
rate among US women is the ever-increasing
breast cancer cases. According to the American
Cancer Society’s 2015 census, around 60,290
breast carcinoma cases (in situ) were estimat-
ed to be identified. Further, of all the malignant
tumors, breast cancer makes up for 7-10%,
with around 3-4% yearly increase in China [1].
It has also been found that increased activation
of human epidermal growth factor receptor 2

(HER2) tyrosine kinase receptor gene is a
negative prognostic factor that is responsible
for early node-positive breast cancer. Hence,
an enhanced explanation of HER2 gene’s
mechanism and action could lead to the
reshaping of the classification, prognosis, as
well as treatment of the disease [2]. Further,
one finds a 15-20% highly expressed HER2
gene in various breast cancers which tends to
modulate various cell processes including cell
survival, proliferation, angiogenesis, invasion
and metastasis [3]. Recently, a humanized
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monoclonal anti-ERBB2 antibody known as
Trastuzumab (TRZ, Herceptin) has been discov-
ered which significantly improves clinical out-
come for early and advanced HER2-positive
breast cancer [4]. TRZ affects HER2 by inhibit-
ing its’ dimerization and hence affecting the
growth signals which eventually shuts down the
HER2 receptor gene's expression. This drug
also targets the phosphatidylinositol 3-kinase
(PIBK)/AKT/mTOR pathway and RAS/RAF/
MEK/MAP kinase (MAPK) pathways [5]. Bes-
ides this, the Fc portion of TRZ participates in
antibody-dependent cellular cytotoxicity (ADCC)
function [6, 7]. Though the antibody showed a
high rate of initial effectiveness but the patients
suffering from metastatic breast cancer stage
developed a primary resistance against the
antibody. So, this treatment failed to prove
effective in this case [6, 8]. Thus, this drawback
poses a greater challenge in the treatment of
HER2-positive breast cancer patients [2].

Tumor Treating Fields better abbreviated as
TTFields is the therapy comprising of alternat-
ing electromagnetic field employed with low-
intensity electrical fields to suppress cancer
cell proliferation in the body [9, 10]. This thera-
py targets to induce an electric field inside the
human body to suppress the proliferation and
invasion of cancerous cells [11]. This treatment
induces apoptosis and hence shows an ability
to annihilate the cancerous cells [12]. FDA has
granted its approval for the application of
TTFields to treat patients with recurrent GBM.
This technique is found to increase the life
expectancy of the patients. In the case of newly
diagnosed GBM, this technique can be coupl-
ed with temozolomide preceding the surgery
(https://www.accessdata.fda.gov/scripts/cdrh/
cfdocs/cfpma/pma.cfm?id=P100034) (https://
www.accessdata.fda.gov/scripts/cdrh/cfdocs/
cfpma/pma.cfm?id=P100034S013) [13, 14].
The American Society of Clinical Oncology (AS-
CO) regards this treatment as an advancement
in cancer treatment due to its novel approach,
effectiveness, and low toxicity profile [15]. The
National Comprehensive Cancer Network (NC-
CN), recommends TTFields as a category 2A
treatment for patients with newly diagnosed
GBM and resulting in a good performance sta-
tus (https://www.nccn.org/professionals/phy-
sician_gls/f_guidelines.asp). In contrast to the
typically employed methods (chemotherapy
and radiation), TTF doesn’t cause side effects
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like pain, nausea, fatigue or diarrhea [16]. Still,
this technique is associated with some flaws
noted in the trials which include topical skin
rashes caused by prolonged electrode use.
However, the effectiveness of TTF is consid-
ered to be similar to that of chemotherapy
or radiotherapy. Subsequently, we studied TTF
and TRZ’s combined antitumor effects on HE-
R2-positive breast cancer representative cell
lines alongside a tumor xenograft model. The
results showed that the TTF therapy can en-
hance significantly the growth inhibition induce
by TRZ.

This paper aims to demonstrate the mecha-
nism of TTFields on HER2-positive TRZ-resistant
breast cancer cell lines in humans. An explana-
tion of these mechanisms can enhance our
understanding of breast cancer, thus helping in
discovering novel treatment strategies.

Materials and methods
Experimental setup of the electric fields

The generation of TTFs took place via a pair of
insulated wires linked to an amplifier of high
voltage and a functional generator, creating
sine-wave signals within the range of 0-800 V
[171].

Cell culture

JIMT-1 and BT-474 (ACC-589) ductal carcinoma
cells were derived from the American Type
Tissue Culture Collection. The maintenance of
BT-474 and JIMT-1 cells took place in DMEM-
F12 supplemented via 2 mmol/L glutamine,
10% heat-inactivated fetal bovine serum (FBS),
as well as 1% penicillin G-streptomycin. Ma-
intenance of cells was done at a temperature
of 37°C with 5% CO,,

Cell viability assay

Trypan blue exclusion assay determined the
cell viability. Microscopy examined the percent-
age of viable cells and an equal volume of try-
pan blue reagent was added to a cell suspen-
sion. Assays were then performed in triplicate.
To quantify cell viability, an equal volume of
culture medium containing EZ-Cytox reagent
(EZ3000, Daeillab Service, Chungcheongbuk-
do, Republic of Korea) was added to the cells,
and the mixture was incubated for 4 h. Cell
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viability was determined by measuring the
absorbance at 450 nm using a Multiskan EX
(Thermo Fisher Scientific; Waltham, MA, US).

Colony formation assay (CFA)

After being subjected to the TTFields 6 h follow-
ing TRZ exposure at 5 ymol/L final concentra-
tion, cells were incubated for a period of 48 h.
Colonies were stained with 0.4% Crystal Violet
after 14-20 d (Sigma, St. Louis, MO, USA). The
plating efficiency (PE) is indicative of the per-
centage of a particular cell line’s seeded cells
that were generated under distinct conditions
for culture. Expressed as an irradiation func-
tion, the survival fraction was calculated in the
following manner: survival fraction = colonies
counted/(cells seeded x PE/100).

Western blot analysis

The extraction of total proteins from OS cells
took place using RIPA buffer (50 mM Tris-Cl, pH
7.4; 1% NP-40; 150 mM NaCl, and 1 mM EDTA),
eventually complemented by protease inhibi-
tors (1 pg/ml aprotinin, 1 mM PMSF, 1 mM
Na,VO,, and 1 pg/ml leupeptin). The Bradford
method was leveraged for quantification pur-
poses. The protein samples (30 ug) were sepa-
rated by SDS/polyacrylamide gel electrophore-
sis and were subsequently shifted to a nitro-
cellulose membrane. This was followed by blo-
cking non-specific antibody binding sites, after
which the incubation of membrane took place
at 4°C overnight with mouse monoclonal anti-
bodies. After incubation with peroxidase-conju-
gated secondary antibodies at 37°C for 1 h,
the enhanced chemiluminescence reagent (GE
Healthcare Biosciences, Pittsburgh, PA, USA)
visualized the protein bands whereas detection
was taken care of by Amersham Imager 680
(GE Healthcare Biosciences).

Immunohistochemistry

To undertake immunohistochemical assess-
ment, 4-um thick breast segments embedded
with paraffin were mounted atop coated glass
slides for the purpose of investigating the pro-
teins. This was followed by blocking endoge-
nous peroxidases, retrieving antigen, and per-
forming nonspecific protein binding. Subse-
quently, the primary antibodies (bought from
Cell Signaling Technology [Danvers, MA, USA])
were initially used for incubating the slide sec-
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tions, after which secondary antibodies en-
tailed the use of horseradish peroxidase. The
development of all slides took place using
3,3-diaminobenzidine. Their counterstaining
took place via hematoxylin. This was followed
by blind analysis.

Conjugation of Alexa Fluor 488 to trastuzumab

DMSO was used to prepare a solution of Alexa
488-NHS Ester (Invitrogen, Waltham, MA, USA).
This comprised 1% acetic acid and was dis-
solved in 500 pL TRZ (10 mg/mL) in a solution
of 1 M sodium bicarbonate n with a pH of 8.4.
The reaction derived was incubated at a room
temperature of 1 h, subsequent to which it was
purified via size exclusion PD-10 column (GE
Healthcare Bio-Sciences AB, Uppsala, Sweden)
before being linked with an ultra-violet/visible
detector set at 517-nm maximum wavelength.
The measurement of an aliquot (100 pg/uL,
PBS, pH 7.2) was done along with conjugated
Alexa 488-TRZ via Nano Drop Spectrophoto-
meter (ThermoFisher Scientific, Waltham, MA,
USA). The Alexa 488 molecules surrounding
TRZ were estimated via a high-performance lig-
uid chromatography profile by making a com-
parison with the peak intensity between Alexa
488 free eluted solution and conjugated Alexa
488-TRZ.

In vivo antibody penetration studies

Through subcutaneous injection, the adminis-
tration of BT-474 cells (5 x 10°) took place into
male BALB/nude mice (n = 6 per group). A digi-
tal caliper was used to measure the tumor size.
To calculate the volume, the formula of width 2
x length x 0.5 was applied. For all mice-related
experiments (5-6 weeks old; weighing 18-20
g), the protocol of Institutional Animal Care
and Use Committee (IACUC) (number KIRAMS
2018-0016; date of approval: 15 May 2018) of
Korea Institute of Radiological and Medical
Sciences (KIRAMS) was followed.

When the size of tumor attained ~200 mm?,
150 ug of Alexa 488-TRZ was injected intrave-
nously, following which TTFied (0.9 V/cm) was
exposed for five days. Thereafter, the mice we-
re exsanguinated by cardiac puncture before
being dissected. The isolated tumors were im-
mediately fixed with paraformaldehyde (4%)
before being kept overnight at 4°C. Subse-
quently, the tumor tissues got embedded within
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the optimum cutting temperature (OCT) com-
pound before being frozen until further usage
at -70°C. Divided into 8 pym-thick portions with
a Leica CM 1850 cryostat (Leica microsystems,
USA), the frozen tissue samples were rehydrat-
ed through the use of PBS, stained using DAPI,
and were placed under observation in a fluores-
cent microscope (In cell analyzer 2200, GE
Healthcare, USA). The Click-iT® TUNEL Alexa
Fluor® 647 Imaging Assay kit (Invitrogen, Carls-
bad, CA, USA) was used to stain TUNEL-positive
cells. Further, TUNEL assay was used to calcu-
late the apoptotic cells.

Histological image acquisition

Given that the In cell analyzer is customized
with a mosaic stitching software (In cell devel-
oper toolbox, GE Healthcare, USA) and fluores-
cent microscope, fluorescent images were de-
rived with 10 x objective lenses using three
independent channels. DAPI was used for
Rhodamine lectin, nuclei (shown in blue), and
Alexa 488-TRZ (green) to trace blood vessel
(red) images. Autofocus was used to determine
Offset.

Image analysis of Alexa 488 trastuzumab ac-
cumulation in tumor

An in-house program written in MIPAV (NIH,
USA) and MATLAB (Math Works, Natick, MA,
USA), ZEN (Carl Zeiss Microscopy, Jena, Ger-
many) was utilized to undertake image analy-
sis. The export of individual channels took
place in a TIFF file from ZEN (Carl Zeiss Mi-
croscopy, Jena, Germany). The reading of de-
rived graph, depicting line intensity versus line
distance, was done via the in-house MATLAB
program and MIPAV application. The signal
intensity of TRZ was observed to be 60 uym
from the tumor vessel. Meanwhile, line profiling
was used for piloting the TRZ penetration from
the tumor vessel by measuring each tumor’s
intensity in various ROI from the vessels situat-
ed in peripheral and central regions. In addi-
tion, the calculation of area underneath the
curve was done from 10 sections in three tu-
mors for each one of them in two groups.

Statistical analysis

Statistical significance was determined using
ANOVA and Student’s t-test. Differences were
considered significant if the P value was less
than 0.05, 0.01 or 0.001. ("P < 0.05; ""P < 0.01;
P < 0.001).
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Results

Inhibited cell proliferation in trastuzumab-
resistant HER2-positive human breast cancer
cell in Vitro after TTF treatment

To ascertain TTF’s ability to control TRZ resis-
tance, two HER2-positive (Jimtl and BT474)
cell lines were treated for 48 h with 1-100 pg
(4-fold dilution).

The acquired data indicated that cells
display dose-dependent sensitivity to TRZ
(Supplementary Figure 1A). Moreover, treat-
ment with TRZ inhibited cell growth significant-
ly in the TRZ-resistant cells (Supplementary
Figure 1B) and both cancer cell lines had
decreased cell viability, depending on the vari-
ous dosages, with approximately 10% viability
inhibition observed at 100 pg.

Next, Jimt1 cells was treated with fixed dose of
TRZ to evaluate its effects on breast cancer
cells in cell morphology and 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assays and colony forming assay (Figure
1A-C). Jimtl cells were treated with TTFs (0.9
V/cm), TRZ, or a combination of the two and the
changes related to morphology were observed
using a phase-contrast microscope in com-
bined treatment group. Also, the cell growth
was noted to be significantly inhibited after a
48-h treatment at 100-ug TRZ. These data indi-
cated that TTF increased TRZ sensitivity in TRZ-
resistant HER2-positive human breast cancer
cell.

Trastuzumab promotes TTFields sensitivity in
vivo

To study TTFs and TRZ's combined effect on
growth of breast cancer in vivo, we utilized a
subcutaneous HER2-positive breast cancer
model that was achieved by injecting mice with
human BT474 cells. As shown in Figure 2A, the
xenografts treated with TTF and TRZ combined
displayed growth reduction, as compared to
the control group and the groups that receiv-
ed either of the treatments. Thus, mono-treat-
ed groups’ tumors were markedly larger than
those in the combinatorial treatment group. At
the same time, the volume of the tumor was
reduced in combinatorial treatment mice, com-
pared to the volume in mice that received either
of the treatments (Figure 2A).
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Figure 1. Effects of Trastuzumab-or TTF on cell viability in Trastuzumab-resistant HER2-positive human breast can-
cer cell. (A) TTF Inhibited Cell Proliferation in Trastuzumab-resistant HER2-positive human breast cancer cell in vitro
after TTF Treatment (B) Cell viability (%) using MTT assay (C) colony forming assay. The survival fraction, which was
expressed as a function of the irradiation dose, was calculated as follows: survival fraction = colonies counted/(cells
seeded x plating efficiency/100). *"P < 0.01, "P < 0.001.

Xenografts of mice that received either of the
treatments depicted stronger proliferation mar-
ker Ki-67 staining than that in combinatorial-
treated mice (Figure 2B, 2C). Together, the data
suggest that TTF combined with TRZ slows
down breast cancer growth in vivo.

Treatment with TTF plus TRZ inhibits P-HER2
expression and increases apoptosis marker
levels in vitro

p-HER2’s expression levels and apoptosis
marker cleaved PARP as well as anti-apoptosis
marker Bcl-2 were studied by the western (or
protein immunoblot) blotting technique. The
expression levels of p-HER2 and Bcl-2 were
downregulated and cleaved PARP was upregu-
lated in Jimta1 cell line following 24 h treatment
with TTF+TRZ (Figure 3A). To calculate combi-
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natorial therapy’s ability to induce apoptosis in
vivo, the apoptotic rate was evaluated through
a terminal deoxynucleotidyl transferase-medi-
ated dUTP nick-end labeling (TUNEL) assay
(Figure 3B). TTF increased apoptotic region
were stained by using Click-iT® TUNEL Alexa
Fluor® 647 Imaging Assay kit. Apoptotic cells
are shown in red (Figure 3C). Notably, upon
combinatorial treatment, the cell death in apop-
totic cells went up.

Treatment with TTF inhibits p-HER2 and its
downstream mediators AKT and MAPK expres-
sion levels in vivo

Histopathological studies showed that tumors
that were treated with TTF expressed low HER2
levels, as compared with the control group.
Moreover, tumors treated using TTF combined
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Figure 2. Anti-trastuzumab-resistant tumor effects of TTF in a BT474-cell line human breast cancer xenograft model.
(A) Nude mice bearing BT474R cells as xenografts were treated using control (saline), trastuzumab, TTF, combina-
tion. Treatment effects on tumor volume (B) Representative hematoxylin and eosin (H&E) staining (C) Representa-
tive of Ki-67. Data are presented as the mean + standard error of the mean (n = 5), "P < 0.05, P < 0.01.

with TRZ expressed lower levels of pAKT, pERK,
and pHER2 in comparison to the control group
(Figure 4).

Treatment with TTF increases Alexa
488-trastuzumab penetration from the tumor
vessel in vivo

Antibody accumulation was determined by ana-
lyzing fluorescence intensity in tumor sections.
The result shows that Alexa 488-TRZ (green)
accumulation was improved with TTF. The TRZ
penetration from the tumor vessel in the entire
tumor section was ~33% greater in TTF com-
bined treated tumors (P = 0.0211) (Figure 5).
TTF significantly improved the extravasation of
TRZ within 60 uym from the tumor vessel.

Discussion
The present study validates the postulation

that supporting a generalized TRZ drug, which
is used to exercise control over life-threatening
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HER2 positive breast cancerous genes, with
Tumor Electrofields Therapy may amplify the
inhibition of such TRZ resistant cells. The
research also aims to identify and unravel the
workings of a TTField system on involved TRZ-
resistant, HER2 positive breast cancer cell
lines. By doing so, it brings up the value of TTF’s
for use in future studies. In September 1998,
the FDA approved the use of TRZ and its incor-
poration in devising the treatment plan of GBM
or the Glioblastoma Multiforme, a rare malig-
nant tumor. This need for TRZ application for
therapy is issued because of the exaggerated
activity of the HER2 tyrosine kinase receptor
gene. In response to the proliferation, the rate
at which breast cancer progresses into its sec-
ondary stages increases alarmingly. TRZ was,
thus, predicted to work as a humanized anti-
HER2 monoclonal IgG1 antibody [18]. However,
this study as well as other instances in the
past, evidence clearly that a HER2 gene that is
past its primary stages remains indifferent to
the influence of TRZ. Hence, treatment therapy

Am J Cancer Res 2021;11(8):3935-3945
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Figure 3. Combination treatment induces cell apoptosis in trastuzumab-resistant HER2-positive cell line. A. Jimtl
cells were treated with DMSO, TRZ (5 pg/ml), TTF, combination for 48 h. Immunoblotting was performed on cell ly-
sates (30 ug) with antibodies against pHER2, HER2, Cleaved PARP, Bcl-2, and B-actin. B. Representative of TUNEL.
Data are presented as per the mean * standard error of the mean (n = 10), "P < 0.05. C. TUNEL-positive cells were

stained and imaged with 10 x objective lenses using in cell analyzer. Apoptotic cells are shown in red.

for breast cancer is at a large disadvantage due
to the TRZ resistance it faces. Mechanisms
that contribute to TRZ'’s failure to operate upon
HER2 are intensively studied, and include the
following general observations; i) obstacles are
faced by TRZ in binding to HERZ2; ii) upregula-
tion of signaling pathways causes HER2 down-
stream; iii) TRZ's tendency of signaling through
alternate pathways and iv) failure to trigger
immune-mediated mechanisms to destroy tu-
mor cells [6].

This study shows that the TRZ resistant nature
of cancerous genes can be compensated by
TTF. This study is first of its’ own, that destroys
cancerous cells by using the Trastzumab anti-
body, and sensitizing it within a well-construct-
ed electromagnetic TTF. This finding was con-
firmed that the penetration and uptake of Alexa
488-TRZ TRZ was enhanced after TTF treat-
ment. The authors showed that TTF increased
the penetration of TRZ. Possible underlying
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mechanism could be explained by decreased
interstitial pressure after TTF treatment. Figure
4 shows that TTTield increased apoptotic re-
gion measured by TUNEL assay. Solid tumor
has a phenomenon in which the interstitial
tumor pressure is high and the penetration of
anti-cancer drugs, including antibody drugs, is
limited [20, 21]. To overcome limited penetra-
tion of antibody, co-administration of anti-can-
cer drugs were tried [20, 21]. Previously, co-
administration of paclitaxel during antibody
therapy showed that reduce of the interstitial
tumor pressure and increase of the penetration
and total uptake of the antibody. A similar study
can be observed that when HIFU was used,
interstitial pressure inside the tumor was re-
duced, increasing the penetration of the anti-
body [22]. Previously, we demonstrated that
atorvastatin could increase the total uptake of
rituximab due to inducing apoptosis after atorv-
astatin treatment [23]. In addition, penetration
and uptake of TRZ or anti-PD1 antibody were

Am J Cancer Res 2021;11(8):3935-3945
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Figure 5. TTF increase the penetration of trastuzumab. Fluorescent images were obtained with 10 x objective
lenses, using in cell analyzer. The channels are as follow: DAPI for nuclei (shown in blue), Alexa 488-TRZ (shown in
green) and Rhodamine lectin to detect blood vessel (shown in red). The penetration of TRZ from the tumor vessel
was plotted with line profiling by intensity measurement from the vessel in various ROl from peripheral and central
regions in each tumor. Additionally, the area under the curve was calculated from three tumors with 10 sections in

each tumor in two groups. “P < 0.05.

also enhanced after inducing apoptosis after a
combination gene therapy [24]. Therefore, in
our study, enhanced penetration and uptake
of Alexa 488-TRZ could be explained due to
decreased interstitial pressure after TTF treat-
ment.

The consequence of these applications is a
prohibitive one that suppresses HER2 receptor
cells. This study stands in opposition to the
present milieu in which oncology regards the
combination of chemotherapy with TRZ as the
most accurate way of dealing with tumor cells.
Despite this promulgation, many patients with
HER2-overexpressing breast cancer develop de
novo or acquired resistance to such methods.
However, the results stated in this study that a
TTF integrated solution with TRZ can work won-
ders as a HER2 therapy.

In this research, we illustrated the in vitro and
in vivo effects of this novel suggestion. This aim
is achieved by analyzing the context-dependent
roles that TTF plays in TRZ resistant breast can-
cer cells- the general consensus is a positive
outcome.

This speculation is supported through previous
studies, in which TTF is responsible for GBM
arrest, deregulating kinase expression that is
dependent on cyclin, inducing caspase-3 acti-
vation, as well as spindle formation along with
cell death in vitro [25, 26]. TTF is also respon-
sible for inhibiting the proliferation and invasion
of GBM [3, 21]. Further, in vivo and in vitro
experiments [16] have agreed at the ideality of
TTFields, as it targets cancerous cells specifi-
cally, and presents as an attractive alternative
to conventional cancer treatment. Numerous in
vivo experiments have pointed towards the
promising results of TTF's in executing anti-
tumor activities. Further, TTF’s are also capable
of impeding the human lung tumor as demon-
strated in the xenograft models and, GBM or
GBM patient-derived stem cell tumor-bearing
models [27, 28].

The above-stated facts and figures show a dis-
tinct positive outline displayed by the TTF that
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must be studied to and examined to discuss
the therapeutic potential of TTF in combination
with TRZ in HER2-positive breast cancer. In this
research, BT474 cell lines are employed into in
vivo and in vitro experiments, and their resul-
tant changes are noted and analyzed. From the
observations, it has been concluded that the
use of a TTField leads to the sensitization of the
primary TRZ-resistant cell line. Consequently,
this facilitates apoptosis by increasing the ex-
pression of caspase 3/7 assay. Additionally,
TTFs can inhibit phosphorylation of the expres-
sion levels of HER2, p-AKT, and p-MAPK in
HER2-positive BT474 cells. In turn, this sup-
presses migration and invasion of cells, and
successfully inhibits tumor cell growth in vivo
model. The experiments also work towards
studying molecular signaling pathways in vivo
models, and signify the validity of the results.
By evaluating the pathways, the study also
identifies TTF therapy as an alternate solution
to patients who are resistant to chemotherapy
from antibody like TRZ. Thus, it is essential to
study the methods to get through primary drug
resistance.

The experiments exalted in this research, lay a
biological basis for the use of TTF-sensitizer
to enhance the therapeutic efficacy against
breast cancer cells. Future research must
involve evaluating the toxicity to normal cells,
as it can help determine the clinical advantag-
es of combination treatment in contrast to
mono-therapy.

In conclusion, TTF can overcome the TRZ resis-
tance in vitro and in vivo. These results also
necessitate that further studies and explora-
tion of the therapeutic properties of TTF in
treating TRZ-resistant breast cancer patients
will prove to be invaluable in the future of can-
cerous research.
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Supplementary Figure 1. The effect of trastuzumab-treatment on the viability of HER2-positive cell. A. TRZ inhibited
HER2-positive cell viability in a dose-dependent manner. B. Cell viability was evaluated using MTT assay for Jimt1
and BT474 cells treated with the specified amounts of TRZ; *p < 0.05, **p < 0.01, ***p < 0.001.



