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Abstract

Background: Noncontact Electro Capacitive Cancer Therapy (ECCT) is a
novel treatment modality in cancer. Chemokine (C-C motif) ligand 2 (CCL2)
has a major role in the outgrowth of metastatic breast cancer. Interleukin 18
(IL18) plays a role in macrophage alteration, which leads to excessive
angiogenesis. This study aims to elaborate on the association of CCL2,
IL18, IL23a, and TNF-a (tumor necrosis factor-alpha) expression with the
anti-proliferative effect of ECCT in rat breast tumor tissue.

Methods: Low intensity (18 Vpp) and intermediate frequency (150 kHz)
alternating current-electric field (AC-EF) between two capacitive electrodes
were exposed as external EF to a rat cage. Twenty-four rats were divided
into four groups of six replicates. Breast tumor tissues were collected from
7, 12-dimethylbenz[a]anthracene (DMBA)-induced rats. Two groups were
non DMBA-induced rats without ECCT exposure (NINT) and with (NIT).
The other two groups were DMBA-induced rats without ECCT exposure
(INT) and with (IT). Mammary glands and breast tumor tissues were
collected from each group and preserved. Hematoxylin-eosin and
immunohistochemistry staining were performed on paraffin sections of
tissues using anti-PCNA, anti-ErbB2, anti-Caspase3, and anti-CD68. CCL2,
IL18, IL23a, and TNF-a mRNA relative expressions were analyzed using
gRT-PCR.

Results: ECCT exposure may cause the reduction of PCNA protein
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expression as well as ErbB2 on breast tumor tissues, but it causes the
increase of Caspase3 and macrophage CD68 protein. In rat breast tumor
tissues of IT groups, the mRNA expression of CCL2 and IL18 are
significantly down-regulated, in contrast with the up-regulated expression of
these cytokines in tumor tissues of the INT group. IL23a and TNF- a
expression remained similar in both groups.

Conclusion: CCL2 and IL18 expressions have an association with the
inhibition of breast tumor cell proliferation affected by ECCT exposure
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Introduction

Electro-Capacitive Cancer Therapy (ECCT) has been devel-
oped as a noncontact alternating current (AC) electric field
(EF)-based cancer therapy method. A previous study' reported
that ECCT low intensity (18 peak-to-peak voltage) interme-
diate frequency (100 kHz) treatment inhibits the growth of
MCF-7 cells. Furthermore, this EF therapy could reduce
the tumor size of C3H mice-breast tumor model, without
abnormality in the dermal tissue and mammary glands of sham
mice'. Moreover, Mujib ef al.” suggested that ECCT exposure
(100-200 kHz) might induce p53 expression in cancer cells,
such as oral squamous cell carcinoma, HelLa, and bone marrow
mesenchymal cells. A previous study, using Tumor Treating
Electric Field (TTFields) demonstrated that AC-EF with low
intensity and intermediate frequency exposure to tumor cells
caused the failure of tumor cell division toward the mitotic
phase’. A following study reported that the failure of tumor
cell division was due to the disruption of spindle microtubule
assembly, but not in normal cells’. From those studies, it was
suggested that the failure of tumor cell division activates tumor
cell apoptosis. However, the evidence that AC-EF exposure
disturbs cancer cell proliferation and the molecular mechanism
underlining this cell disturbance and elimination remains
unknown.

Solid tumor growth and development are dependent on inflam-
matory cells in its microenvironment. Stromal components,
such as endothelial cells, myeloid derivate suppressor cells,
and macrophages, reside in the solid tumor microenvironment’.
Macrophages act as inflammatory cells that can be affected by
chemical signals, i.e. cytokines and chemokines™®, and electric
fields’. A previous study reported that CCL2 is a chemo-attractant
that binds to its receptor (CCR2) on monocytes, macrophages,
and lymphocytes. In a previous in vivo study, CCL2-induced
chemokine cascade in macrophage-associated metastasis
(MAM) produced another ligand, CCL3, for metastatic seeding
of breast cancer cells"'’ In addition, IL18 plays a role in
the migration of breast cancer cells via down-regulation
of claudinl2 and p38 MAPK (mitogen activation Kkinase)
pathway''. Hoare et al’ demonstrated that electrical signals
have been identified as major contributors to the coordination
and regulation of macrophage functions. So far, electric
fields-based therapies need to be described in order to under-
stand the modulation of macrophage function, which underline
the solid tumor microenvironment. The mechanism needs to be
investigated.
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Tumor necrosis factor-alpha (TNF)-o cytokine is one member
of the tumor necrosis factor superfamily with a wide spectrum
of biological activity. Meneggati et al."> reviewed TNF-o. early
on, and this inflammatory cytokine was suggested to be a
potential antitumor agent and inducer of apoptosis in vitro.
However, in the following years, recent studies reported that
TNF-a significantly induces breast cancer metastasis via TNFo.-
activated mesenchymal stem cells (MSCs) in a lung metastasis
model of murine breast cancer'*"">. However, under TNF-o
stimulation at in vitro model, the MSCs can also release
IL-10 as anti-inflammatory cytokine that may be a beneficial
for cancer growth inhibition'®. Although many studies focus on
the function of TNF-o in the solid tumor microenvironment,
the function remains as yet not fully clarified. So far, we under-
stand that macrophages are multifunctional in the solid tumor
microenvironment. Tumor-associated macrophages (TAMs)
help tumor cell growth by releasing several pro-inflammatory
cytokines, such as TNFo and IL23". A previous study sug-
gested that IL-23 is involved in inflammation and angiogenesis
activities in the tumor microenvironment in spite of moderating
CD8* T-cell infiltration'”. However, recent study suggested
that TAM is an activated M2 macrophage'” Furthermore, the
evaluation of IL-23 suggested that this cytokine has a function
in promoting tumor metastasis and growth by upregulating
matrix metalloproteinase (MMP)-9””. On the other hand,
Zimolag et al’' reported that direct current (DC)-EF in the
physiological condition might reposition MCSs into a wound site
and allow macrophages to be at a short distance to the wound.
Therefore, the expression of either TNFa or IL-23 cytokines-
produced inflammatory cells in the microenvironment of solid
breast tumor during the physiological DC-EF or AC-EF need
to be further examined.

The anti-proliferative effect of AC-EF has been reported using
several cell lines and in some tumor animal models. As reported
by Ma et al”’, DMBA-induced breast cancer enhanced chro-
mosomal instability and increased ErbB2-mediated mammary
carcinogenesis. However, the association and mechanism of kill-
ing tumor cells and how the immune system clears death cells
needs to be further clarified. A recent study demonstrated
that TTFields therapy activates macrophage specific immune
responses through the activation of several cytokines, such as
TNF-a, and ILI1-B in vitro'. In the present study, we elaborate
on the relationship between the anti-proliferative effect of
ECCT on DMBA induced-rat breast cancer cell growth and on
the activity of inflammatory cells to express cytokines IL18,
TNF-a, IL23 and chemokine CCL2, which play an essential
role to the development of solid breast tumors. The use of this
breast tumor animal model in this study is needed, because this
model can represent the condition of breast cancer in patients.
The main objective of this study is to examine the effective-
ness of ECCT treatment on tumor growth inhibition through the
molecular communication among stromal cells in the solid
microenvironment tumor.

Methods
Animals
This study was carried out at the animal house of LPPT
Research Center Universitas Gadjah Mada (UGM) which is
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accredited by ISO/IEC 17025:2000 (a laboratory management
standard). All requirements for animal welfare following the
LPPT Ethics Committee Guidance have been fulfilled. This
animal experiment has been legalized with an Ethical Clearance
certificate number: 00029/04/LPPT/2018. The rat number for this
experimental design was calculated for the minimal biological
replication of rats (n=6), with four treatment groups according
to the Federer Formula®™. 24 female rats (Rattus norvegicus
Berkenhout, 1769) Sprague Dawley (SD) strain, five weeks
old and weighing 50-80 grams were used in this study. The rats
ware obtained from LPPT Research Center.

Rats were fed with AIN-93M standard diet and standard water
ad libitum. Rats were placed in a standard animal room
(temperature and humidity were 20 to 25 °C and 40 to 60%,
respectively). Rats were acclimatized to the laboratory condition
and standard cage for 5 days.

This study focused on samples of rat breast tumor and healthy
mammary gland. Therefore, we only observed the minimal
number of tissue samples required for replication; three tissues
samples (n=3) per treatment group (4 groups) was used for
biological replication. Each sample was measured twice for
qRT-PCR analysis and triple sections per tissue sample for
histopathologic scoring requirements. Each rat was marked
individually using picric acid (non-toxic) staining. Rats were
observed for behavior, general physical conditions such as
hairs, eyes, noose, ears, and feces every day. Rats were weighed
every three days during the experiments using the balance scale
for rodents. Rat welfare was maintained following the standard
protocol from LPPT Research Center.

The experimental design of ECCT exposure treatments used
four rat groups, six biological replicates, which consisted of:

- NINT group: non-DMBA-induced rats, non-EF therapy
exposure

- NIT group: non-DMBA-induced rats, EF therapy exposure
- INT: DMBA-induced rats, non-EF therapy treatment
- IT: DMBA-induced rate, EF therapy exposure

Rats were induced ten times with DMBA*** doses of 20 mg/kg
body weight within five weeks by oral administration. The
DMBA (Sigma Aldrich; cat. no. D3254-1G) administrations were
done around 04 p.m. in the animal room by the technician of
LPPT Research Center following the Standard Operational
Procedure (SOP) for DMBA treatment animal. After DMBA
administration, all rats were palpated every two days using the
standard procedure of palpation from LPPT Research Center.
The tumor nodule was observed around 4 to 6 weeks after
DMBA administration. Tumor nodule diameters were measured
every 2 days using a digital caliper (Fisher Scientific) and all
data measurements were tabulated.

Solid tumor (+ 1 cm tumor size)-bearing rats were exposed
to an AC-EF of 150 kHz and low intensity of 18 Vpp. EF therapy
was performed for 21 days, with a total exposure of 10 hours
per day with 2 hours rest after first 5 hours exposure. The
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starting time of ECCT treatments were at 06 to 11 a.m., then at
01 to 06 p.m. During ECCT-exposing in the individual
ECCT cage (designed by Ctech Labs Edwar Teknologi, IDN
Patent REG. P00201200011), rats were fed with a standard
diet and cucumber ad libitum, however during rest hours, rats
were fed with a standard diet and water ad libitum in a
communal cage with standard bedding and feeding for 5 rats.
The ECCT treatment was finished after 21 days of treatment.
Rats were sacrificed (euthanasia) by ketamine hydrochloride
(KETALAR® Pfizer; cat. no. 629-24006) injection with a dosage
of 150mg/kg body weight on the day after the last treatment.
Rats were sacrificed starting at around 08 a.m. with the standard
ethics procedure for rat euthanasia and surgery. After taking
the samples, the remaining dead rat bodies were put in the
freezer prior to eradication of the carcinogenic (DMBA) con-
taminated animals using the SOP of the LPPT animal house.
Mammary glands and solid tumor tissues were sliced and fixed
in 10% NBF (neutral buffer formalin, Bio-Optica; cat. no.
05-K01004) with ratio 5:1 for histological examination and
in RNAlater® (Invitrogen; cat. no. AM7024) solution for total
RNA extraction.

Histological examination

Mammary glands and solid tumor tissues were fixed in NBF
and then processed using the paraffin method and stained with
hematoxylin-eosin using the procedures provided by Bancroft
and Cook”. Summarily, the samples were periodically washed
with 70% alcohol and subsequently dehydrated using a higher
concentration of alcohol (80-100%). The dehydrated samples
were then cleared with toluene (Merck; cat. no. 1083252500)
overnight. The samples were infiltrated with paraffin (Merck;
cat. no. 1073372500) in a 65°C oven and then embedded with
freshly prepared paraffin. The sample paraffin blocks were
sectioned with a microtome (Microm HM 315) providing a
4-6 um thick slice, which were then placed on a slide. Later on,
the samples were then deparaffinized using xylene (Merck; cat.
no. 1086612500), rehydrated using a downgraded concentra-
tion of alcohol (96—40%), and finally stained with Hematoxylin
(made from Hematoxylin Krist C.1.75290, Merck; cat. no.
1159380025, using Erlich’s formulation) and Eosin solution
(made from Eosin Y, CI. 45380, Merck; cat. no. 1159350025).
The stained samples were subsequently dehydrated using an
upgraded level of alcohol, cleared in xylene, and lastly, mounted
with Entellan (Merck; cat. no. 1079600500) and coverslip.
The random 50 fields of view on IHC slides of each treatment
were observed under Leica ICCS50 E at 0.5 pm/pixel resolution

Immunohistochemistry

The 4-6 um thick paraffin section of samples were placed on
a Poly-L-lysine coated slide. The INT and IT tumor tissue
samples were then processed using the Starr Trek Universal-
HRP Detection Kit (Biocare Medical; cat.no BRR 700 AH,
AL10) using the manufacturer’s protocols. In brief, the
samples were deparaffinized using xylene and then rehydrated
with down-graded concentration of alcohol. The samples were
heated in the microwave with sodium citrate buffer pH 6.0 for
antigen retrieval for 15 minutes at 95 °C. The samples were
soaked with 3% H,O, (Sigma-Aldrich) in PBS for 5 min to
block endogenous peroxidase and subsequently treated with
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Background Sniper for 20 minutes for suppressing nonspecific
binding. Afterwards, samples were separately incubated with
anti-PCNA (ABCAM; cat.no. ab18197), anti-caspase-3 (ABCAM;
cat.no. ab13847), anti-CD68 (ABCAM; cat.no. ab201340), and
anti-ErbB 2 (ABCAM; cat.no. ab16901) antibodies overnight
at 4 °C, followed by Trekkie Universal Link incubation for
60 minutes. Then, the samples were incubated with Trek-avidin
HRP Label for staining development and then counterstained
with hematoxylin. Lastly, the samples were dehydrated using
an upgraded concentration of alcohol, cleared with xylene, and
mounted with Entellan and coverslip. Immunohistochemistry
slides were observed under Leica ICC50 E at 0.5 um/pixel
resolution with 50 fields of view.

Quantitative-RT-PCR
Quantitative-RT-PCR  (qQRT-PCR) was applied for measuring
the transcriptomic expression (mRNA) of IL18, CCL2, TNF-q,
and IL230 (due to the use of sub unit p19 fragment for primer
construction) genes. Isolation of RNA was performed using
Total RNA Mini Kit (Blood/cultured cell; Geneaid; cat.no
RB100), and ¢cDNA synthesis with Superscript® III first-strand
synthesis supermix (Invitrogen; cat.no 18080-400). Primers were
as follows:

- IL2300 NM_130410.2 F: CAGGTTCCCATGGCTACAGT,

R: TCT GGGGTTTGTTGCTTTTC

- IL18 F: CAGACCACTTTGGCAGACTTCA, R: AC
ACAGGCGGGTTTCTTTTGT

- TNF-o’* F: AGCATGATCCGAGATGTGGAA, R:
AATGAGAAGAGGCTGAGGCACA

- CCL2*F: 5 GTGCTGTCTCAGCCAGATGCAGTT 3°, R:
5" AGTTCTCCAGCCGACTCATTGGG 3°.

- GADPH” F: 5 TGACAACTTTGGCATCGTGG 3’,

R: 5 GGGCCATCCACAGTCTTCTG 3’
RT-PCR analysis was performed using Universal SYBR®
Green Supermix paint SsoAdvanced (BIO-RAD; kit. No.
172-5270). The thermal cycling conditions for amplifica-
tion of IL18, TNFa, IL230, CCL2 and GADPH were the same
for pre-denaturation at 95°C, 30”; and denaturation at 95°C, 10”.

4 INT - I
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However, the annealing conditions were different: 1L18 TNFa,
and GADPH, 60°C for 10”; IL23, 60°C for 15”; and CCL2, 65°C
for 10”. All RT-PCR reactions were done using a BIO-RAD
CFX96™ Real-Time System, C1000 Touch® Thermal Cycler
machine. qRT-PCR data was calculated using the Livak method™’.

Statistical analysis

Data analysis for IHC was scored automatically using color
deconvolution and computerized pixel profiling by IHC Profiler
plugin on ImagelJ version 1.51 software’’.

The independent-T test with IBM SPSS Statistics v22 was used
for image scoring between groups and for qPCR data analysis.
All graphs in this article were created by GraphPrism 7 software.

Results

Solid tumor growth

The rats prior and during ECCT treatment did not have
pathogen infection, as observed during daily observation.
During the experiments, the rats’ body weight for all groups
was not significantly different with the rat base line or untreated
rats (secondary data not shown). Results of ECCT-exposed rat
breast tumor (IT) show that the increase of the fluid bathing
the tumor may affect the tumors size. This is in contrast with
the results from the sham rat breast tumor group (INT), which
exhibited denser tissues inside the solid tumor and slower growth
(Figure 1).

Histopathological examination

Based on histological sections using hematoxylin-eosin
staining (Figure 2), the observation of ECCT exposure
effect on average rat mammary glands shows that there is no
morphological tissue damage in both treatments, NINT nor NIT
rat groups (Figure 2A and B). In solid tumor tissue sections,
DMBA-induced tumor cells grew massively in both treatments
(Figure 2C, D, E and F). Decreasing of fat and myoepithelial
cells, and increasing of necrotic cells in mammary tissues
due to the high tumor cell proliferation activity and minimal
blood supply for healthy cells*’. The lumens of mammary
glands were filled with massive proliferative cells (Figure 2 C,
D, E and F), in contrast with the healthy mammary gland which

Tumor Growth e INT

- IT

-]
1

LLIITM

I
»

-
*

£
L

Solid tumor size (cm?)
N

0 10 20 30
Days

Figure 1. Growth of solid breast cancer mass after ECCT exposure treatment. (A) Representation of solid tumor mass after surgery and
(B) the solid breast tumor growth curve based on the diameter of tumor nodules. Tumor growth measurements were taken every two days for
21 days. INT= DMBA-induced rats without EF therapy, IT= DMBA-induced rats with EF therapy exposure.
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Figure 2. Histological sections of the mammary gland and DMBA-induced rat breast adenocarcinoma after treatment with ECCT
exposure. (A and B) There is no morphological change both on mammary gland tissue of none DMBA-induced rat non-EF therapy
(NINT; A), and with EF therapy (NIT, B). Hematoxylin and eosin staining, magnification 100x. (C and D) In contrast, adenocarcinoma breast
tissue of DMBA induced rat non-EF therapy (INT; C) shows more massive tumor cells and fewer lumens than the tumor section with EF therapy
(IT, D). Hematoxylin and eosin staining, magnification 400x. (E and F) Mitotic figure (black arrow) and apoptotic figure (yellow arrow) on
breast tumor tissues of INT and IT group, respectively. FC= Fat Cells, L=Lumens, EC=Epithelial Cells, M= Myoepithelial Cell, NA= Necrotic

Area, BV= Blood Vessels.

contain a layer of epithelial cells (Figure 2 A and B). Accord-
ing to Denisov et al.”, breast tumors develop morphological
diversity related to the tumor progression. The morphological
tumor cell growth pattern, such as solid tumor, reveals tens to
hundreds of groups of shapeless tumor cells. This solid tumor
cell pattern is related to tumor invasion or bad prognosis. The
tubular structures or tube-shaped pattern of tumor growth is
more similar with normal tubular mammary ducts*. Figure 2
C and E (INT group) demonstrated a more solid tumor and less
tubular tumor pattern. In contrast, the tubular tumor structure
was observed more frequently in the IT group (Figure D and F)
than in INT group. In general, tumor growth patterns of both
INT and IT groups have solid tumor morphology. Therefore,
those tumor can be identified as breast adenocarcinoma™.
The breast tumor cells grow invasively to other healthy
tissues and caused necrosis area on both treatments, since the
healthy myoepithelial and endothelial cells of blood vessels were

sited on the solid tumor sections. However, other tissues were
removed from the observed-tumor tissue. On the sections of
ECCT-treatment (IT), the invasive tumor cells showed a
reduced number of mitotic cells and more apoptotic cells
(Figure 2E and F). Moreover, it can be seen that lumen epithelial
cells were more frequent for ECCT-exposure treatment than in
tumor tissues without ECCT-exposure.

Immunohistochemistry quantification of protein expression
on tumor tissues

Figure 3 shows the appearance of the protein of PCNA, ErbB2,
Caspase 3, and macrophage CD68 on solid tumor tissues of
ECCT treatment either with ECCT (IT) or without (INT). The
percentage of tumor cells expressing PCNA protein in the IT
group was significantly lower than in the INT group (p<0.01).
Consistent with PCNA expression, ERBB2 protein expression
shows a significant decrease in tumor tissues of the IT group
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Figure 3. Immunostaining of breast adenocarcinoma tissue sections after ECCT treatment. (A and B) Anti-PCNA, (C and D)
anti-ErbB2, (E and F) anti-Caspase-3, (G and H) anti-CD68. Percentage of positive cells of (I) PCNA, (J) ErbB2, and (K) Caspase-3 in
50 fields of view. (L) Count of total macrophages in 50 fields of view. Observation of histological slide was performed using Leica CC50
E at 0.5 pm/pixel resolution at 400x. Bar=100 pm. The mean, standard deviation of the data experiment show *, p<0.05, **, p<0.01.
INT= DMBA-induced rats without EF therapy, IT= DMBA-induced rats with EF therapy exposure.

compared to the INT group (p<0.05). In contrast, the appearance
of Caspase 3 and CD68 proteins on tumor tissues of the IT
group was significantly higher than the INT group (p<0.01).

Relative mRNA expression of CCL2, IL18, TNF-o, and
IL230. genes

The relative mRNA expression of CCL2, IL18, TNF-o, and
IL230. genes can be seen in Figure 4. The appearance of

CCL2(15.29 fold change), was significantly lower (p<0.01) on
solid tumor tissues of the IT group than the INT group (97.72
fold change). This result was consistent with decreasing IL18
expression on tumor tissues of IT group (1.34 fold change)
compared to the INT group (2.08 fold change). In contrast, the
results of TNF-a0 and IL230 expression in both groups was not
significantly different. However, TNF-o. gene expression was
up-regulated relatively and IL230. gene expression was
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Figure 4. Relative mRNA expression of CCL2, IL-18, IL23a, and TNF-a in solid breast cancer after ECCT treatment. Amplification
and melt peak chart of (A and B) CCL2, (C and D) IL18, (E and F) IL23a and (G and H) TNF-a. Relative expression of (I) CCL2, (J) IL-18,
(K) IL230 and (L) TNF-a genes with NINT as a control group. The internal control of relative gene expression is GADPH gene. (M) Relative
expression of TNF-a, IL230, IL-18, and CCL2 INT vs. IT. Error bar shows a standard deviation of three replications; **p<0.01.
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down-regulated relatively with the internal control of GADPH
gene expression. These results suggest that mRNA relative
expression of CCL2 and IL18 were more down-regulated in tumor
tissues exposed-ECCT (IT group) in comparison with the INT
group. Whereas on the solid tumor tissues, the relative mRNA
expression of both TNF-o. and IL230 genes were similar.

Discussion

DMBA-induced rat solid breast tumor has been studied in
this study. Tumor interstitial fluid (TIF) formation could be
affected by ECCT treatment, while other solid tumors not exposed
to ECCT did not show a clearly visible effect. Although the
substantial tumor size after ECCT exposure was not reduced,
the solid tumor texture became soft and fluid (Figure 1A and B).
According to Wagner and Wig*, the TIF contains stromal and
immune cells able to produce inflammatory substances into the
solid tumor environment. TIF is an essential source of tumor-
specific proteins that can be used to examine the effect of
therapy on the mechanism of tumor-promotion or inhibition.
Here we connected the TIF phenomenon and the growth of tumor
cells after treating rats with AC-electrical fields exposed ECCT.
A previous study’ using TTField (200 kHz) reported that this
electric field treatment could influence not only tumor mitotic
arrest and cell death, but also on cellular movement, infiltration
and migration using in vitro and in vivo tests.

One of the critical modalities in cancer therapy is to mini-
mize side effects resulting from the treatment. Our results
(Figure 2A and B) demonstrated that ECCT exposure on non-
DMBA induced rats showed healthy mammary gland tissue,
similar to those not exposed to ECCT (NIT and NINT groups,
respectively). Normal lobules consisted of an epithelial cell
layer in both treatments and there was no tissue damage, such
as an atrophic duct or other tissue injuries. In the rat solid tumor
tissues we observed an abundance of proliferative cells that
expanded to most areas of mammary glands. The changing of cell
composition on tumor nodule is not clearly defined. However,
the condition of solid tumors treated with ECCT was better
with than without exposure (Figure 2C and D). Tumors treated
with ECCT had a lower number (unseen data) of mitotic figures
than the sham tumor treatment. Indeed, the apoptotic figures
on tumor tissues with therapy were higher (unseen data) than
non-therapy tissues (Figure 2E and F). Necrotic tissue areas
were found in both treatments, but were more frequent in ECCT
exposed rat breast tumor tissues than non-exposed. A previous
study on tumor cells and its microenvironment interaction sug-
gested that molecules and intermediate signaling substances play
a role in controlling cell infiltration, survival, and apoptosis, which
occur at the same time. So far, these molecules could be
used as molecular targets for anti-cancer therapy modality™.

Alamsyah et al.' reported a decrease in solid tumor size after
exposure with 100 kHz AC-EF ECCT. But in this study, we
obtain different results, where the tumor size did not decrease
using 150 kHz with a similar treatment method. Indeed, tumor
size was not significantly increased. ECCT and TTFields are
noninvasive cancer treatment modalities based on AC-EF with
an intermediate frequency (100-200 kHz) and low intensity,
however, they differ in noncontact and direct contact on skin,

F1000Research 2020, 8:1770 Last updated: 27 JUL 2020

respectively, and wave type'”. A recent study'’ reported that
TTFields influence the activation of macrophage-specific immune
responses through apoptotic bodies of dead tumor cells due to
the agitation of cell mitosis by EF. These mechanisms should be
further examined using molecular approaches, e.g. transcriptom-
ics, to target proteins specifically affected by EF based cancer
therapy.

Protein PCNA 1is frequently used as a cell proliferation marker.
In this study, we evaluated the effect of ECCT treatment as
an anti-proliferative agent using an intermediate frequency of
150 kHz. Previous studies examined the anti-proliferative
effects using several types of cancer cell lines and measurement
of tumor size in vivo'”. In the current study, anti-proliferative
activity can be seen in Figure 3A, B and I, which revealed
that ECCT exposure enables inhibition of breast tumor cell
proliferation (p<0.001). This result is consistent with previous
findings'~. In addition, Giladi et al.” exposed TTFields 150 kHz
on non-small cell lung cancer cell lines and KLN205 squamous
cell carcinoma in mice, which revealed inhibition of cancer
cell viability and lung robust tumor growth due to the effect of
AC-EF (TTFields) treatment. According to Ma et al.”>, DMBA
promotes ErbB2-mediated carcinogenesis via genomic instabil-
ity. In the present study (Figure 3C, D and J), DMBA induced
rats bearing solid breast tumors, which were exposed with
ECCT treatment (IT), a significantly lower percentage of ErbB2
expressed cells were observed compared to the non-ECCT
treatment (INT). Therefore, the present study supports previ-
ous results that suggested the anti-proliferative effect of AC-EF
based tumor or cancer therapy (TTField and ECCT).

The most crucial evidence of cancer therapy is reducing tumor
cell growth caused by cell death. Apoptosis is a necessary cell
death process for inhibiting metastatic cancer. The present
study shows that the percentage of breast tumor cells expressing
caspase 3 (effector caspase) in the IT group is higher than in
the INT group (Figure 3E, F and K). It can be suggested that
ECCT exposure disturbs cell mitosis toward cell death through
apoptosis, autophagy or necrosis. However, this result indicates
that apoptosis via caspase 3 might be a predominant mecha-
nism of breast tumor cell death caused by ECCT-treatment. This
result is consistent with the effect of reducing cell prolifera-
tion (using PCNA cell proliferation marker) in the IT group.
Mujib et al.” suggested that p53 might be involved in apopto-
sis induction in several cancer cell lines via a caspase-dependent
apoptosis mechanism after exposure to ECCT. The results
shown by the present study need to be confirmed with other
protein markers involved in the tumor cell death mechanism.

The clearance of cell death debris is the final stage of apoptosis.
In this process, it involves phagocytic cells, such as macrophages.
The current study (Figure 3 G, H, and L) showed increasing
expression of CD68 (a marker for macrophage and mono-
cyte) on breast tumors exposed to ECCT (IT group), which was
significantly higher than non-EF therapy (INT). Macrophages
are multifunctional in solid tumor microenvironments, including
macrophage polarization M1 and M2 which are involved in TAM
and MAM functional directions™”. Ni er al.** suggested that
the CD68 positive macrophage is one of the tumor-infiltrating
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macrophages in non-metastatic breast cancer. Following the
anti-proliferative effect of ECCT exposure, the up-regulation of
classical CD68 macrophage marker may involve the expression
of chemokine related macrophage polarization. This argument
is supported by Park er al.'’, who reported that TTFs-induced
inflammatory action is via the p38 MAPK/NF-kB signaling
pathway and they believe that AC-EF based tumor therapy is a
novel anticancer modality.

Solid tumor interstitial fluid is an excellent environment for
communication of signaling substances among stromal, mac-
rophages and tumor cells. In this study (Figure 4), we evaluated
the expression of CCL2, IL18, TNF-a, and IL230, and whether
they play a role in tumor progression or suppression. We
demonstrated that the monocyte chemoattractant protein 1 (MCP-
1) or CCL2 expression in solid breast tumor tissue with ECCT
exposure (IT) is significantly lower (down-regulated) than
without exposure (INT). There was no increase of relative
mRNA CCL2 expression on ECCT exposure to the mammary
gland of none DMBA induction rats (NIT) is shown in Figure 4I.
This result supports a previous study that suggested that CCL2
has an essential role during breast cancer progression, through
the induction of a systemic neutrophilic inflammatory cascade to
facilitate metastasis®. Moreover, Lavender et al.”’ reported that
intra-tumoral CCL2 enables induction of breast tumor growth
and/or metastases in breast cancer metastasis to the lung in vivo.
Kirson et al."' reported that TTFields (100 kHz and 1-2 Vpp)
exposure has a potential action to inhibit the development of
lung cancer metastasis from primary cancer cells. Additionally,
IL18 and IL10 act synergistically on angiogenesis progression®.
Following CCL2 expression, the present result demonstrated
that IL18 expression is downregulated in breast tumor tissue
exposed to ECCT treatment (Figure 4C, D, J, and M). The
high expression of IL18 in breast cancer enables promotion of
cell proliferation and migration, and could be a biomarker
candidate for prognosis in breast cancer patients”’. Indeed
IL-18 expression leads to invasion and metastasis of breast
cancer cells through PI3K-AKT/ ATF-2 signaling, and it might
be regulated through NF-kB/NF-xBI signaling in TAMs®".
Therefore, our result suggested that decreasing CCL2 and
IL18 expression in the breast tumor microenvironment is most
probably due to AC-EF treatment. We propose that there is a
high correlation between the down-regulated expression of
CCL2 and IL18 with the anti-proliferative effect of ECCT
treatment. However, this argument should be further clarified
by using other inflammatory markers of breast tumor progression.

In contrast with CCL2 and IL18 expression, in this study
(Figure 4M) the appearance of IL23c and TNF-o remains
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unchanged with the relative expression of both cytokines in
normal mammary glands (NINT and NIT groups) and both
solid breast tumor (INT and IT groups). A previous review"
reported that a higher TNF-o. expression is related to breast
tumor progression which is elevated in stage II, III and IV but
not in stage I. IL23 is involved in inflammation and angiogen-
esis in response to cytotoxic T-cell infiltration in the tumor
microenvironment. Therefore, in this study the relationship
between IL230c and TNF-o expression, and anti-proliferative
effect of AC-EF based tumor therapy remain unclear.

Conclusions

In conclusion, we propose that noncontact ECCT treatment
could have an anti-proliferative effect on solid breast tumor
via the down-regulated expression of CCL2 and IL18. This
preclinical study may become a basis of consideration for a
clinical trial toward the implementation of ECCT as a novel
cancer therapy modality.

Data availability

Underlying data

Open Science Framework: CCL2 and IL18 expressions may
associate with the anti-proliferative effect of noncontact electro
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- IHC data
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Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).

Acknowledgments

We would like to thank M. Irfan, Finandya Fatihasari, Helmi
Hana Prinanda, Ibnu Fajar, Miftah Jauhar, Puji Nurani,
Windah Dwi Nuraini, Dalila Afinan, Ni Luh Kemmy Caesaria,
Sevi Ratna Sari, Afif Yati and Pradana Putra Satya Negara for
their kind helps during the works using animals, also many
thanks to Mrs. Ardaning Nurliani for helping the antibodies
procurement.

1. Alamsyah F, Ajrina IN, Dewi FNA, et al.: Antiproliferative Effect of Electric Fields
on Breast Tumor Cells In Vitro and In Vivo. Indones J Cancer Chemoprevent.
2015; 6(3): 7.
Publisher Full Text

2. Mujib SA, Alamsyah F, Taruno WP: Cell Death and Induced p53 Expression in
Oral Cancer, HelLa, and Bone Marrow Mesenchyme Cells under the Exposure
to Noncontact Electric Fields. Integr Med Int. 2017; 4(3—4): 161-70.
Publisher Full Text

Page 10 of 24


https://doi.org/10.17605/OSF.IO/EP7KT
https://doi.org/10.17605/OSF.IO/EP7KT
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://dx.doi.org/10.14499/indonesianjcanchemoprev6iss3pp71-77
http://dx.doi.org/10.1159/000485186

20.

21.

22.

28.

24.

Kirson ED, Gurvich Z, Schneiderman R, et al.: Disruption of cancer cell
replication by alternating electric fields. Cancer Res. 2004; 64(9): 3288—95.
PubMed Abstract | Publisher Full Text

Kirson ED, Dbaly V, Tovarys F, et al.: Alternating electric fields arrest cell
proliferation in animal tumor models and human brain tumors. Proc Natl Acad
Sci U S A. 2007; 104(24): 10152-7.

PubMed Abstract | Publisher Full Text | Free Full Text

Giladi M, Schneiderman RS, Voloshin T, et al.: Mitotic Spindle Disruption by
Alternating Electric Fields Leads to Improper Chromosome Segregation and
Mitotic Catastrophe in Cancer Cells. Sci Rep. 2015; 5: 18046.

PubMed Abstract | Publisher Full Text | Free Full Text

Timaner M, Beyar-Katz O, Shaked Y: Analysis of the Stromal Cellular
Components of the Solid Tumor Microenvironment Using Flow Cytometry. Curr
Protoc Cell Biol. 2016; 70: 19.8.1-19.18.12.

PubMed Abstract | Publisher Full Text

Kitamura T, Qian BZ, Soong D, et al.: CCL2-induced chemokine cascade
promotes breast cancer metastasis by enhancing retention of metastasis-
associated macrophages. J Exp Med. 2015; 212(7): 1043-59.

PubMed Abstract | Publisher Full Text | Free Full Text

Kobori T, Hamasaki S, Kitaura A, et al.: Interleukin-18 Amplifies Macrophage
Polarization and Morphological Alteration, Leading to Excessive
Angiogenesis. Front Immunol. 2018; 9: 334.

PubMed Abstract | Publisher Full Text | Free Full Text

Hoare JI, Rajnicek AM, McCaig CD, et al.: Electric fields are novel determinants
of human macrophage functions. J Leukoc Biol. 2016; 99(6): 1141-51.
PubMed Abstract | Publisher Full Text

Park JI, Song KH, Jung SY, et al.: Tumor-Treating Fields Induce RAW264.7
Macrophage Activation Via NK-xB/MAPK Signaling Pathways. Technol Cancer
Res Treat. 2019; 18: 1533033819868225.

PubMed Abstract | Publisher Full Text | Free Full Text

Yang Y, Cheon S, Jung MK, et al.: Interleukin-18 enhances breast cancer cell
migration via down-regulation of claudin-12 and induction of the p38 MAPK
pathway. Biochem Biophys Res Commun. 2015; 459(3): 379-86.

PubMed Abstract | Publisher Full Text

Menegatti S, Bianchi E, Rogge L: Anti-TNF Therapy in Spondyloarthritis and
Related Diseases, Impact on the Inmune System and Prediction of Treatment
Responses. Front Immunol. 2019; 10: 382.

PubMed Abstract | Publisher Full Text | Free Full Text

Yu PF, Huang Y, Han YY, et al.: TNFo-activated mesenchymal stromal cells
promote breast cancer metastasis by recruiting CXCR2* neutrophils.
Oncogene. 2017; 36(4): 482-490.

PubMed Abstract | Publisher Full Text | Free Full Text

Zhang H, Liu K, Xue Z, et al.: High-voltage pulsed electric field plus
photodynamic therapy kills breast cancer cells by triggering apoptosis. Am J
Transl Res. 2018; 10(2): 334-351.

PubMed Abstract | Free Full Text

Li K, Wei L, Huang Y, et al.: Leptin promotes breast cancer cell migration and
invasion via IL-18 expression and secretion. Int J Oncol. 2016; 48(6): 2479-87.
PubMed Abstract | Publisher Full Text

Putra A, Ridwan FB, Putridewi Al, et al.: The role of tnf-o. induced mscs on
suppressive inflammation by increasing tgf- and il-10. Open Access Maced J
Med Sci. 2018; 6(10): 1779-1783.

PubMed Abstract | Publisher Full Text | Free Full Text

Hao NB, Lu MH, Fan YH, et al.: Macrophages in tumor microenvironments and
the progression of tumors. Clin Dev Immunol. 2012; 2012: 948098.

PubMed Abstract | Publisher Full Text | Free Full Text

Langowski JL, Kastelein RA, Oft M: Swords into plowshares: IL-23 repurposes
tumor immune surveillance. Trends Immunol. 2007; 28(5): 207—12.

PubMed Abstract | Publisher Full Text

Lee C, Jeong H, Bae Y, et al.: Targeting of M2-like tumor-associated
macrophages with a melittin-based pro-apoptotic peptide. J Immunother
Cancer. 2019; 7(1): 1-14.

Publisher Full Text

Fasoulakis Z, Kolios G, Papamanolis V, et al.: Interleukins Associated with
Breast Cancer. Cureus. 2018; 10(11): e3549.
PubMed Abstract | Publisher Full Text | Free Full Text

Zimolag E, Borowczyk-Michalowska J, Kedracka-Krok S, et al.: Electric field as
a potential directional cue in homing of bone marrow-derived mesenchymal
stem cells to cutaneous wounds. Biochim Biophys Acta Mol Cell Res. 2017;
1864(2): 267-279.

PubMed Abstract | Publisher Full Text

Ma Z, Kim YM, Howard EW, et al.: DMBA promotes ErbB2mediated
carcinogenesis via ErbB2 and estrogen receptor pathway activation and
genomic instability. Oncol Rep. 2018; 40(3): 1632—-1640.

PubMed Abstract | Publisher Full Text | Free Full Text

Makiyah A: Effectiveness of Dose Concentration of Ethanol Extract of lles-iles
Tubers on Increasing Number of Macrophage Cells and Weight of Inmune
Organ Weight in White Rats Wistar Strain. International Journal of Advances in
Medical Sciences. 2017; 2(10): 10.

Reference Source

Sulistyoningrum E, Prasasti E, Rachmani N, et al.: Annona muricata Leaves
Extract Reduce Proliferative Indexes And Improve Histological Changes In

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

F1000Research 2020, 8:1770 Last updated: 27 JUL 2020

Rat’s Breast Cancer. J appl pharm sci. 2017; 7(1): 149-155.
Publisher Full Text

Firdaus AF, Sobri |, Ekowati H: Anti-Proliferative Activity of Nigella sativa
Chloroform Extract on 7,12-Dimethylbenz[a]anthracene Induced Female Rats
Splenocyte. Indones J Cancer Chemoprevent. 2012; 3(1): 351-7.

Publisher Full Text

Cook DJ: Cellular Pathology. Butterworth-Heinemann. 1998.
Reference Source

Fujimoto S, Mochizuki K, Shimada M, et al.: Variation in gene expression of
inflammatory cytokines in leukocyte-derived cells of high-fat-diet-induced
insulin-resistant rats. Biosci Biotechnol Biochem. 2008; 72(10): 2572-9.
PubMed Abstract | Publisher Full Text

Poon K, Abramova D, Ho HT, et al.: Prenatal fat-rich diet exposure alters
responses of embryonic neurons to the chemokine, CCL2, in the
hypothalamus. Neuroscience. 2016; 324: 407-19.

PubMed Abstract | Publisher Full Text | Free Full Text

Taki FA, Abdel-Rahman AA, Zhang B: A comprehensive approach to identify
reliable reference gene candidates to investigate the link between alcoholism
and endocrinology in Sprague-Dawley rats. PLoS One. 2014; 9(5): e94311.
PubMed Abstract | Publisher Full Text | Free Full Text

Livak KJ, Schmittgen TD: Analysis of relative gene expression data using real-
time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. 2001;
25(4): 402-8.

PubMed Abstract | Publisher Full Text

Varghese F, Bukhari AB, Malhotra R, et al.: IHC Profiler: an open source
plugin for the quantitative evaluation and automated scoring of
immunohistochemistry images of human tissue samples. PLoS One. 2014;
9(5): €96801.

PubMed Abstract | Publisher Full Text | Free Full Text

Pichler M, Hutterer GC, Chromecki TF, et al.: Histologic tumor necrosis is

an independent prognostic indicator for clear cell and papillary renal cell
carcinoma. Am J Clin Pathol. 2012; 137(2): 283-9.

PubMed Abstract | Publisher Full Text

Denisov EV, Skryabin NA, Gerashchenko TS, et al.: Clinically relevant
morphological structures in breast cancer represent transcriptionally distinct
tumor cell populations with varied degrees of epithelial-mesenchymal
transition and CD44*CD24 stemness. Oncotarget. 2017; 8(37): 61163-61180.
PubMed Abstract | Publisher Full Text | Free Full Text

Wagner M, Wiig H: Tumor Interstitial Fluid Formation, Characterization, and
Clinical Implications. Front Oncol. 2015; 5: 115.
PubMed Abstract | Publisher Full Text | Free Full Text

Ungefroren H, Sebens S, Seidl D, et al.: Interaction of tumor cells with the
microenvironment. Cell Commun Signal. 2011; 9: 18.
PubMed Abstract | Publisher Full Text | Free Full Text

Su Z, Yang Z, Xu Y, et al.: Apoptosis, autophagy, necroptosis, and cancer
metastasis. Mol Cancer. 2015; 14: 48.
PubMed Abstract | Publisher Full Text | Free Full Text

Gerrick KY, Gerrick ER, Gupta A, et al.: Transcriptional profiling identifies novel
regulators of macrophage polarization. PLoS One. 2018; 13(12): €0208602.
PubMed Abstract | Publisher Full Text | Free Full Text

Ni C, Yang L, Xu Q, et al.: CD68- and CD163-positive tumor infiltrating
macrophages in non-metastatic breast cancer: a retrospective study and
meta-analysis. J Cancer. 2019; 10(19): 4463-4472.

PubMed Abstract | Publisher Full Text | Free Full Text

Kersten K, Coffelt SB, Hoogstraat M, et al.: Mammary tumor-derived CCL2
enhances pro-metastatic systemic inflammation through upregulation of IL1
in tumor-associated macrophages. Oncoimmunology. 2017; 6(8): e1334744.
PubMed Abstract | Publisher Full Text | Free Full Text

Lavender N, Yang J, Chen SC, et al.: The Yin/Yan of CCL2: a minor role in
neutrophil anti-tumor activity in vitro but a major role on the outgrowth of
metastatic breast cancer lesions in the lung in vivo. BMC cancer. 2017; 17(1):
88.

PubMed Abstract | Publisher Full Text | Free Full Text

Kirson ED, Giladi M, Gurvich Z, et al.: Alternating electric fields (TTFields) inhibit
metastatic spread of solid tumors to the lungs. Clin Exp Metastasis. 2009; 26(7):
633-40.

PubMed Abstract | Publisher Full Text | Free Full Text

Parikh R, Kobawala T, Trivedi T, et al.: Clinical utility of interleukin-18 in breast
cancer patients: A pilot study. Cancer Trans/ Med. 2017; 3(1): 13-9.
Publisher Full Text

Li JH, Fan WS, Wang MM, et al.: Effects of mesenchymal stem cells on solid
tumor metastasis in experimental cancer models: a systematic review and
meta-analysis. J Trans/ Med. 2018; 16(1): 113.

PubMed Abstract | Publisher Full Text | Free Full Text

Esquivel-Velazquez M, Ostoa-Saloma P, Palacios-Arreola M, et al.: The role of
cytokines in breast cancer development and progression. J Interferon Cytokine
Res. 2015; 35(1): 1-16.

PubMed Abstract | Publisher Full Text | Free Full Text

Pratiwi Rarastoeti: “CCL2 and IL18 Expressions May Associate with the Anti-
proliferative Effect of Noncontact Electro Capacitive Cancer Therapy in Vivo.”
OSF. 2019.

http://www.doi.org/10.17605/0SF.I0O/EP7KT

Page 11 of 24


http://www.ncbi.nlm.nih.gov/pubmed/15126372
http://dx.doi.org/10.1158/0008-5472.CAN-04-0083
http://www.ncbi.nlm.nih.gov/pubmed/17551011
http://dx.doi.org/10.1073/pnas.0702916104
http://www.ncbi.nlm.nih.gov/pmc/articles/1886002
http://www.ncbi.nlm.nih.gov/pubmed/26658786
http://dx.doi.org/10.1038/srep18046
http://www.ncbi.nlm.nih.gov/pmc/articles/4676010
http://www.ncbi.nlm.nih.gov/pubmed/26930555
http://dx.doi.org/10.1002/0471143030.cb1918s70
http://www.ncbi.nlm.nih.gov/pubmed/26056232
http://dx.doi.org/10.1084/jem.20141836
http://www.ncbi.nlm.nih.gov/pmc/articles/4493415
http://www.ncbi.nlm.nih.gov/pubmed/29559970
http://dx.doi.org/10.3389/fimmu.2018.00334
http://www.ncbi.nlm.nih.gov/pmc/articles/5845536
http://www.ncbi.nlm.nih.gov/pubmed/26718542
http://dx.doi.org/10.1189/jlb.3A0815-390R
http://www.ncbi.nlm.nih.gov/pubmed/31401938
http://dx.doi.org/10.1177/1533033819868225
http://www.ncbi.nlm.nih.gov/pmc/articles/6691660
http://www.ncbi.nlm.nih.gov/pubmed/25727011
http://dx.doi.org/10.1016/j.bbrc.2015.02.108
http://www.ncbi.nlm.nih.gov/pubmed/30941119
http://dx.doi.org/10.3389/fimmu.2019.00382
http://www.ncbi.nlm.nih.gov/pmc/articles/6434926
http://www.ncbi.nlm.nih.gov/pubmed/27375023
http://dx.doi.org/10.1038/onc.2016.217
http://www.ncbi.nlm.nih.gov/pmc/articles/5290040
http://www.ncbi.nlm.nih.gov/pubmed/29511429
http://www.ncbi.nlm.nih.gov/pmc/articles/5835800
http://www.ncbi.nlm.nih.gov/pubmed/27082857
http://dx.doi.org/10.3892/ijo.2016.3483
http://www.ncbi.nlm.nih.gov/pubmed/30455748
http://dx.doi.org/10.3889/oamjms.2018.404
http://www.ncbi.nlm.nih.gov/pmc/articles/6236029
http://www.ncbi.nlm.nih.gov/pubmed/22778768
http://dx.doi.org/10.1155/2012/948098
http://www.ncbi.nlm.nih.gov/pmc/articles/3385963
http://www.ncbi.nlm.nih.gov/pubmed/17395538
http://dx.doi.org/10.1016/j.it.2007.03.006
http://dx.doi.org/10.1186/s40425-019-0610-4
http://www.ncbi.nlm.nih.gov/pubmed/30648081
http://dx.doi.org/10.7759/cureus.3549
http://www.ncbi.nlm.nih.gov/pmc/articles/6324869
http://www.ncbi.nlm.nih.gov/pubmed/27864076
http://dx.doi.org/10.1016/j.bbamcr.2016.11.011
http://www.ncbi.nlm.nih.gov/pubmed/30015966
http://dx.doi.org/10.3892/or.2018.6545
http://www.ncbi.nlm.nih.gov/pmc/articles/6072406
http://ijams.kibanresearchpublications.com/index.php/IJAMS/article/view/16
http://dx.doi.org/10.7324/JAPS.2017.70120
http://dx.doi.org/10.14499/indonesianjcanchemoprev3iss1pp351-357
https://books.google.co.in/books/about/Cellular_Pathology.html?id=rpmSQgAACAAJ&source=kp_book_description&redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/18838815
http://dx.doi.org/10.1271/bbb.80259
http://www.ncbi.nlm.nih.gov/pubmed/26979053
http://dx.doi.org/10.1016/j.neuroscience.2016.03.017
http://www.ncbi.nlm.nih.gov/pmc/articles/4838495
http://www.ncbi.nlm.nih.gov/pubmed/24824616
http://dx.doi.org/10.1371/journal.pone.0094311
http://www.ncbi.nlm.nih.gov/pmc/articles/4019588
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://dx.doi.org/10.1006/meth.2001.1262
http://www.ncbi.nlm.nih.gov/pubmed/24802416
http://dx.doi.org/10.1371/journal.pone.0096801
http://www.ncbi.nlm.nih.gov/pmc/articles/4011881
http://www.ncbi.nlm.nih.gov/pubmed/22261455
http://dx.doi.org/10.1309/AJCPLBK9L9KDYQZP
http://www.ncbi.nlm.nih.gov/pubmed/28977854
http://dx.doi.org/10.18632/oncotarget.18022
http://www.ncbi.nlm.nih.gov/pmc/articles/5617414
http://www.ncbi.nlm.nih.gov/pubmed/26075182
http://dx.doi.org/10.3389/fonc.2015.00115
http://www.ncbi.nlm.nih.gov/pmc/articles/4443729
http://www.ncbi.nlm.nih.gov/pubmed/21914164
http://dx.doi.org/10.1186/1478-811X-9-18
http://www.ncbi.nlm.nih.gov/pmc/articles/3180438
http://www.ncbi.nlm.nih.gov/pubmed/25743109
http://dx.doi.org/10.1186/s12943-015-0321-5
http://www.ncbi.nlm.nih.gov/pmc/articles/4343053
http://www.ncbi.nlm.nih.gov/pubmed/30532146
http://dx.doi.org/10.1371/journal.pone.0208602
http://www.ncbi.nlm.nih.gov/pmc/articles/6286176
http://www.ncbi.nlm.nih.gov/pubmed/31528210
http://dx.doi.org/10.7150/jca.33914
http://www.ncbi.nlm.nih.gov/pmc/articles/6746141
http://www.ncbi.nlm.nih.gov/pubmed/28919995
http://dx.doi.org/10.1080/2162402X.2017.1334744
http://www.ncbi.nlm.nih.gov/pmc/articles/5593698
http://www.ncbi.nlm.nih.gov/pubmed/28143493
http://dx.doi.org/10.1186/s12885-017-3074-2
http://www.ncbi.nlm.nih.gov/pmc/articles/5286656
http://www.ncbi.nlm.nih.gov/pubmed/19387848
http://dx.doi.org/10.1007/s10585-009-9262-y
http://www.ncbi.nlm.nih.gov/pmc/articles/2776150
http://dx.doi.org/10.4103/2395-3977.200855
http://www.ncbi.nlm.nih.gov/pubmed/29703232
http://dx.doi.org/10.1186/s12967-018-1484-9
http://www.ncbi.nlm.nih.gov/pmc/articles/5924448
http://www.ncbi.nlm.nih.gov/pubmed/25068787
http://dx.doi.org/10.1089/jir.2014.0026
http://www.ncbi.nlm.nih.gov/pmc/articles/4291218
http://www.doi.org/10.17605/OSF.IO/EP7KT

F1IOOOResearch F1000Research 2020, 8:1770 Last updated: 27 JUL 2020

Open Peer Review

Current Peer Review Status: v : v

Reviewer Report 27 July 2020

https://doi.org/10.5256/f1000research.28071.r67858

© 2020 Putra A. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

v

Agung Putra
Stem Cell And Cancer Research (SCCR), School of Medicine, Sultan Agung Islamic University
(UNISSULA), Semarang, Indonesia

Regarding the revised article, entitled "CCL2 and IL18 expressions may associate with the
anti-proliferative effect of noncontact electro capacitive cancer therapy in vivo”, all of the corrections have
revised completely. The revisions provide all aspects that need to be improved, according to reviewer
expectation and meet the acceptable scientific standards. Therefore, reviewer has accepted this article
for indexing.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Mesenchymal Stem Cell, Immunology, Cancer

| confirm that | have read this submission and believe that | have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 09 July 2020

https://doi.org/10.5256/f1000research.22795.r65163

© 2020 Putra A. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

?

Page 12 of 24


https://doi.org/10.5256/f1000research.28071.r67858
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4261-9437
https://doi.org/10.5256/f1000research.22795.r65163
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

F1000Research 2020, 8:1770 Last updated: 27 JUL 2020

Agung Putra
Stem Cell And Cancer Research (SCCR), School of Medicine, Sultan Agung Islamic University
(UNISSULA), Semarang, Indonesia

This manuscript addresses the effects of noncontact electro capacitive cancer therapy (ECCT) to
down-regulate CCL2 and IL18 expressions in a breast cancer mouse model in which the end targets is
inhibiting breast cancer cell proliferation. It is an interesting topic in efforts to eliminate cancer cells by
elaboration between the anti-proliferative effect and activity of inflammatory cells following ECCT
administration to breast cancer, due to the conventional therapy to reduce recurrence and breast cancer
mortality remains unclear. On the other hand, the proinflammatory cells releasing proinflammatory
cytokines such as IL18, TNF-a, IL23, and chemokine CCL2 also play an essential role in the
development of breast tumors.

In this paper, there are a number of issues regarding the methods and analysis that need to be clarified
and addressed.

Below are more specific comments by section:

Introduction:
1. Minor corrections:
add a punctuation mark "comma" in this sentence:
® Stromal components, such as endothelial cells, myeloid derivate suppressor cells, and
macrophages”
add “the” in this sentences:
®  Furthermore, the evaluation of IL-23 suggested that this cytokine has...
Add “-“in this sentences:
®  and growth by up-regulating matrix metalloproteinase....”
Add “a” in this sentences
® MCSs into a wound site and allow macrophages to be at a short distance to the wound...”
1. “Macrophages and tumor cells act as inflammatory cells that can be affected by chemical signals.”
Tumor cells is not inflammatory cells.

2. So far, electric fields-based therapies need to be described in order to understand the modulation.
The mechanism need to be investigated.

3. “TNF-a significantly induces breast cancer metastasis via TNFa-activated mesenchyme stem cells
(MSCs) in lung.” However, under TNF-a stimulation at invitro model, the MSCs can also release
IL-10 as anti-inflammatory cytokine that may be a beneficial for cancer growth inhibition.

Please read this article:

Putra A, Ridwan FB, Putridewi Al, et al. The Role of TNF-a induced MSCs on Suppressive Inflammation
by Increasing TGF-B and IL-10. Open Access Maced J Med Sci. 2018;6(10):1779-1783. Published 2018
Oct 4. d0i:10.3889/0amjms.2018.404[ref-1].

1. “Tumor-associated macrophages (TAMs) may help tumor cell growth by releasing several
pro-inflammatory cytokines, such as TNFa and IL23, which are expressed by the classically
activated M1 macrophage.” Whereas, TAM is not classically activated M1 macrophage but the
TAM is definitely an activated M2 macrophage.
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Read this article:

Lee C, Jeong H, Bae Y, et al. Targeting of M2-like tumor-associated macrophages with a melittin-based
pro-apoptotic peptide. J Immunother Cancer. 2019;7(1):147. Published 2019 Jun 7.
doi:10.1186/s40425-019-0610-4[ref-2].

1. Arecent study demonstrated that TTFields therapy activates macrophage specific immune
responses through the activation of several cytokines, such as NF-kB (nuclear factor-kB), TNF-q,
and IL1-B..... NF-kB is not cytokine but the NF-Kb is the rapid-acting primary transcription factor for
controlling cytokine production.

Method:
1. Minor corrections:
Add “this” in the sentence:
®  The rat number for this experimental design was calculated for the minimal biological replication of
rats....
Add “a” in the sentence:
®  Tumor nodule diameters were measured every 2 days using a digital caliper ....”

®  The sample paraffin blocks were sectioned with a microtome...”

® The stained samples were subsequently dehydrated using an upgraded level of...”
Add “-“in the sentence:
Solid tumor-bearing rats were exposed....
Add “comma” in the sentence:
® using an upgraded level of alcohol, cleared in xylene, and lastly”
Remove “s” in the sentence:
®  The INT and IT tumor tissues samples were then processed...”
Add “a” and “-“ in the sentence:
® |n brief, the samples were deparaffinized using xylene and then rehydrated with a down-graded
concentration of alcohol....”

1. Please clarify the experimental group. The experimental design of this study used four rat groups
with six biological replicates (n=6), however, the number of tissue sample required for replication is
three tissues samples (n=3)...”

Results

1. The authors reported that ECCT-exposed rat breast tumor (IT) can induce the fluid bathing in
tumors that associated with tumors size, in which the author's hypothesis is to inhibit breast tumor
cell proliferation (anti-proliferation). Although, the results from the sham rat breast tumor group
(INT) exhibited denser tissues and slower growth, however, the tumor volume of IT (treatment
group) still exhibited larger than the sham (INT group), suggesting the result is on the contrary to
the anti-proliferation. (Figure 1). Please clarify.

2. The authors declared that the percentage of cells expressing CD68 protein in treatment groups (IT)
were significantly higher than in the non-treatment groups (INT group) indicated that the
macrophage polarized into type-2, known as Tumor associated macrophage (TAM) that
associated with the proliferation of cancer cell. Please clarify.

3. On the other hand, in this study there was a decrease of CCL2 as the main chemokine of
monocyte and macrophages, however the macrophage type-2 (CD 68 expression) was increased,

Please clarify.

Is the work clearly and accurately presented and does it cite the current literature?
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Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Mesenchymal Stem Cell, Immunology, Cancer

I confirm that | have read this submission and believe that | have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however | have significant
reservations, as outlined above.

Rarastoeti Pratiwi, Universitas Gadjah Mada, Yogyakarta, Indonesia

External Reviewer (Dr. A. Putra):

APPROVED WITH RESERVATIONS

This manuscript addresses the effects of noncontact electro capacitive cancer therapy (ECCT) to
down-regulate CCL2 and IL18 expressions in a breast cancer mouse model in which the end
targets is inhibiting breast cancer cell proliferation. It is an interesting topic in efforts to eliminate
cancer cells by elaboration between the anti-proliferative effect and activity of inflammatory cells
following ECCT administration to breast cancer, due to the conventional therapy to reduce
recurrence and breast cancer mortality remains unclear. On the other hand, the proinflammatory
cells releasing proinflammatory cytokines such as IL18, TNF-a, IL23, and chemokine CCL2 also
play an essential role in the development of breast tumors.

In this paper, there are a number of issues regarding the methods and analysis that need to be
clarified and addressed.

Below are more specific comments by section:

Introduction:
1. Minor corrections:
add a punctuation mark "comma" in this sentence:
®  Stromal components, such as endothelial cells, myeloid derivate suppressor cells, and
macrophages”
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add “the” in this sentences:
®  Furthermore, the evaluation of IL-23 suggested that this cytokine has... “
®  Furthermore, evaluation of IL-23 suggested
Add ““in this sentences:
®  and growth by up-regulating matrix metalloproteinase....”
® and growth by up regulating
Add “a” in this sentences
® MCSs into a wound site and allow macrophages to be at a short distance to the wound...”
® MCSs into a wound site and allow macrophages to be at short distance to the wound.
1. “Macrophages and tumor cells act as inflammatory cells that can be affected by chemical
signals.” Tumor cells is not inflammatory cells.
User comment:
All typo corrections have been done.

So far, electric fields-based therapies need to be described in order to understand the modulation.
The mechanism need to be investigated.

User comment:
Revision has been done. In the new version article has been added “The mechanism needs to be
investigated”.

1. “TNF-a significantly induces breast cancer metastasis via TNFa-activated mesenchyme
stem cells (MSCs) in lung.” However, under TNF-a stimulation at invitro model, the MSCs
can also release IL-10 as anti-inflammatory cytokine that may be a beneficial for cancer
growth inhibition.

Please read this article:

Putra A, Ridwan FB, Putridewi Al, et al. The Role of TNF-a induced MSCs on Suppressive
Inflammation by Increasing TGF-B and IL-10. Open Access Maced J Med Sci.
2018;6(10):1779-1783. Published 2018 Oct 4. doi:10.3889/0amjms.2018.404[ref-1].

User comment:
In the new version, a revision has been done by added a new reference: reference no 16.

“Tumor-associated macrophages (TAMs) may help tumor cell growth by releasing several
pro-inflammatory cytokines, such as TNFa and IL23, which are expressed by the classically
activated M1 macrophage.” Whereas, TAM is not classically activated M1 macrophage but the
TAM is definitely an activated M2 macrophage.

Read this article:

Lee C, Jeong H, Bae Y, et al. Targeting of M2-like tumor-associated macrophages with a
melittin-based pro-apoptotic peptide. J Immunother Cancer. 2019;7(1):147. Published 2019 Jun 7.
doi:10.1186/s40425-019-0610-4[ref-2].

User comment:
In the new version, a revision has been done by added a new reference: reference no 19.

3. A recent study demonstrated that TTFields therapy activates macrophage specific immune
responses through the activation of several cytokines, such as NF-kB (nuclear factor-kB), TNF-q,
and IL1-B..... NF-kB is not cytokine but the NF-Kb is the rapid-acting primary transcription factor for
controlling cytokine production.

Page 16 of 24



F1000Research 2020, 8:1770 Last updated: 27 JUL 2020

User comment:
Revision has been done by deleting: “NF-kB (nuclear factor-kB),”

Method:
1. Minor corrections:
Add “this” in the sentence:
®  The rat number for this experimental design was calculated for the minimal biological
replication of rats....
Add “a” in the sentence:
®  Tumor nodule diameters were measured every 2 days using a digital caliper ....”

® The sample paraffin blocks were sectioned with a microtome...”

®  The stained samples were subsequently dehydrated using an upgraded level of...”
The stained samples were subsequently dehydrated using upgraded level

Add “-“in the sentence:
Solid tumor-bearing rats were exposed....
Add “comma” in the sentence:

® using an upgraded level of alcohol, cleared in xylene, and lastly”
using an upgraded level of alcohol, cleared in xylene and, lastly,
Remove “s” in the sentence:

®  The INT and IT tumor tissues samples were then processed...”
Add “a” and “-“in the sentence:

® |n brief, the samples were deparaffinized using xylene and then rehydrated with a

down-graded concentration of alcohol....”

User comment:
In the new version, all these typo corrections have been done.

1. Please clarify the experimental group. The experimental design of this study used four rat
groups with six biological replicates (n=6), however, the number of tissue sample required
for replication is three tissues samples (n=3)..."

User comment:
Revision:
In the new version, the (n=3) have been deleted in the explanations of:”
- NINT group: non-DMBA-induced rats, non-therapy exposure (n=3)
- NIT group: non-DMBA-induced rats, therapy exposure (n=3)
- INT: DMBA-induced rats, non-therapy treatment (n=3)
- IT: DMBA-induced rate, therapy exposure (n=3)", because it could confuse.

In the new version, the replication of rat (n=6) and three tissues sample per treatment group (n=3)
have been added in the text. So, the NINT, NIT, INT and IT just to explain the treatment for each
group (without (n=3).

Clarification:

As | described in the manuscript: “The rat number for this experimental design was calculated for
the minimal biological replication of rats, with four treatment groups according to the Federer
Formula 23 “ and this number also follow the ethical procedure for using the minimal animals.
However, we only using a minimal number of tissue samples replication requirement for statistical
analysis in random sampling method. Three tissues samples per treatment group (4 groups) was
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used for a biological replication requirement. Each sample was triple sections per tissue sample for
histopathologic scoring requirements (to gain 50 fields of view) and twice for gRT-PCR analysis.
However, we used six rats (n=6) per group to observe rat body weights (secondary data)

Results

1. The authors reported that ECCT-exposed rat breast tumor (IT) can induce the fluid bathing in
tumors that associated with tumors size, in which the author's hypothesis is to inhibit breast tumor
cell proliferation (anti-proliferation). Although, the results from the sham rat breast tumor group
(INT) exhibited denser tissues and slower growth, however, the tumor volume of IT (treatment
group) still exhibited larger than the sham (INT group), suggesting the result is on the contrary to
the anti-proliferation. (Figure 1). Please clarify.

User comment:

Clarification:

The larger size of tumor nodules in IT groups due to the measurement using a digital caliper. In that
case, we measured the nodule volume included the inflammation fluids, instead of tumor tissues.
However, from the histological observation, the results showed that the number of proliferation
cells in IT groups significantly lower than in INT group. So, from this result we suggest that the
tumor interstitial fluid contains stromal and immune cells could increase the tumor nodule volume.
Further, we observed the proliferation of the tumor cells (based on PCNA marker of cells), and the
role of macrophage (based on CD68 marker of monocyte and macrophage) to eliminate the tumor
cells which are failure to divided.

2. The authors declared that the percentage of cells expressing CD68 protein in treatment groups
(IT) were significantly higher than in the non-treatment groups (INT group) indicated that the
macrophage polarized into type-2, known as Tumor associated macrophage (TAM) that
associated with the proliferation of cancer cell. Please clarify.

User comment:

Revision:

In the new revision, the words “a classical”’, in the sentence: ” ... expression of CD68 (a classical
macrophage marker)..” has been deleted and edited: “...expression of CD68 (a marker for
macrophage and monocyte)

Clarification:
CD68 is the marker of macrophage and monocyte (see the revision obove), so these macrophages
could be M1 and M2 (TAM).

3. On the other hand, in this study there was a decrease of CCL2 as the main chemokine of
monocyte and macrophages, however the macrophage type-2 (CD 68 expression) was increased,
Please clarify.

User comment:

Clarificasion:

CD68 can be expressed either in monocyte and macrophage (M1 and M2). However, CCL2 level
correlated with TAM abundance and TAM is M2 Macrophage. The results show that the increase
of macrophage CD68 (could be M1 and M2 macrophages) in IT group, but the expression of CCL2
in this group is decrease.

Page 18 of 24



F1000Research 2020, 8:1770 Last updated: 27 JUL 2020

® |s the work clearly and accurately presented and does it cite the current literature?

Yes
® |s the study design appropriate and is the work technically sound?
Yes
® Are sufficient details of methods and analysis provided to allow replication by
others?
Partly
® |f applicable, is the statistical analysis and its interpretation appropriate?
Partly

® Are all the source data underlying the results available to ensure full
reproducibility?
Yes
® Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests
No competing interests were disclosed.

Reviewer Expertise
Mesenchymal Stem Cell, Immunology, Cancer

| confirm that | have read this submission and believe that | have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however | have
significant reservations, as outlined above.

Competing Interests: No competing interests were disclosed.

Reviewer Report 05 March 2020

https://doi.org/10.5256/f1000research.22795.r59978

© 2020 Palti Y. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

? Yoram Palti
Novocure, Haifa, Israel

The manuscript by Antara and colleagues reports on the use of noncontact ECCT treatment to
down-regulated expression of CCL2 and IL18 and therefore inhibit breast cancer cell proliferation.

Comments:
1. The authors claim that the fluid bathing in breast tumors from ECCT-exposed IT treated rats may
affect the tumors size, however, no specific analysis was done to support such claim. For instance,
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a single cell suspension of whole tumor followed by cell count could suffice. This data is crucial In
order to support the claim that ECCT treatment is anti-proliferative, as tumor volume
measurements show otherwise.

2. The authors should also elaborate on:
®  The impact of reduction in CCL2 and phenotype skewing in tumor macrophages.
® The discrepancy between CCL2 levels and CD68 infiltration.
® The discrepancy between past publications showing activation of the MAPK/NF-kB signaling
pathway following AC-EF based tumor therapy (suggested as an example that has been used by
the authors to support some of the conclusions in the current study) and the downregulation of IL18
in the current study.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
| cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
No

Competing Interests: |1 am CTO of NovoCure

| confirm that | have read this submission and believe that | have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however | have significant
reservations, as outlined above.

Reviewer Report 23 October 2019
https://doi.org/10.5256/f1000research.22795.r55336
© 2019 Daniels R. This is an open access peer review report distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

"  Richard Luke Daniels
Department of Biology, The College of Idaho, Caldwell, ID, USA
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This paper describes the effects of intermediate frequency (100-300 kHz) alternative electric fields in a
mouse model of breast cancer. Specifically, the authors examined expression (by immunohistochemistry
and/or gPCR) of several genes. These were immune factors known to be associated with tumor cell
proliferation and angiogenesis (CCL2 and IL18), a marker of cell proliferation (PCNA), a growth factor
receptor (ErbB2), a marker of leukocyte differentiation (CD68) several other immune factors (IL18,
IL23-alpha, TNF-alpha), and a marker of apoptosis (caspase-3). Changes were seen in gene expression
consistent with decreased cell proliferation and increased cell death, though pro-inflammatory changes
were not seen. These results provide evidence that supports a biological effect of alternating electric
fields on cell proliferation, and it is this reviewer’s opinion that publication is warranted. There are a few
minor modifications that | would suggest making before indexing this manuscript, which center around
experiments described in figures 2-4.

Minor English language corrections:

In some instances, “none” should be changed to “non” throughout the document, as in “non
DMBA-induced” (this is sometimes correctly stated, for example the animal methods section is correct).
In the conclusion, change “purpose” to “propose”

Methods:

It would be beneficial to give more specifics about the protein quantification done using ImagedJ. Was the
scoring automated in anyway? What was the process or procedure used for determining whether a cell
was positive for a given marker?

Figure 2:
The figure supports what is described in the text; however no quantification is given regarding the stated

observations regarding the cell composition of the tumor and the structural changes with and without
treatment. | do not consider this to be essential for indexing, however it would strengthen the conclusions
drawn from this experiment if these results could be quantified.

Figure 3:
The figure supports what is described in the text. See comments related to the scoring method above. In

the statistics, it is a bit unclear as to what was counted as an individual n. Was each slide counted as a
single n? Was each image (50 images / slide)? It would be helpful for context to describe in a bit more
detail either in these results or the methods section what was counted as an individual experiment for
interpretation of the statistical comparisons.

Figure 4.
This figure supports what is described in the text. The graphs would benefit from changing the Y-axes to

be consistently labeled with the same amount of significant figures. Also — if the CCL2 expression is
100-fold different than NIT, etc., it might be beneficial to point this out in the discussion, as this increase is
substantially more than other differences seen that are 2-fold different, for example.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
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Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
No source data required

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Cell physiology, Neuroscience, Cell signaling

I confirm that | have read this submission and believe that | have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Rarastoeti Pratiwi, Universitas Gadjah Mada, Yogyakarta, Indonesia

External Reviewer (Dr. R. L. Daniels):

This paper describes the effects of intermediate frequency (100-300 kHz) alternative electric fields
in a mouse model of breast cancer. Specifically, the authors examined expression (by
immunohistochemistry and/or gPCR) of several genes. These were immune factors known to be
associated with tumor cell proliferation and angiogenesis (CCL2 and IL18), a marker of cell
proliferation (PCNA), a growth factor receptor (ErbB2), a marker of leukocyte differentiation (CD68)
several other immune factors (IL18, IL23-alpha, TNF-alpha), and a marker of apoptosis
(caspase-3). Changes were seen in gene expression consistent with decreased cell proliferation
and increased cell death, though pro-inflammatory changes were not seen. These results provide
evidence that supports a biological effect of alternating electric fields on cell proliferation, and it is
this reviewer’s opinion that publication is warranted. There are a few minor modifications that |
would suggest making before indexing this manuscript, which center around experiments
described in figures 2-4.

Minor English language corrections:

In some instances, “none” should be changed to “non” throughout the document, as in “non
DMBA-induced” (this is sometimes correctly stated, for example the animal methods section is
correct).

In the conclusion, change “purpose” to “propose”

User comment:
All typo corrections have been done

Methods:

It would be beneficial to give more specifics about the protein quantification done using ImageJ.
Was the scoring automated in anyway? What was the process or procedure used for determining
whether a cell was positive for a given marker?
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User comment

In the new version article has been revised: "Data analysis for IHC was scored automatically using
color deconvolution and computerized pixel profiling by IHC Profiler plugin on Imaged version 1.51
software 2%

Figure 2:
The figure supports what is described in the text; however no quantification is given regarding the

stated observations regarding the cell composition of the tumor and the structural changes with
and without treatment. | do not consider this to be essential for indexing, however it would
strengthen the conclusions drawn from this experiment if these results could be quantified".

User comment:

In the new version article has been revised:"The tumor nodule is not a complex tissue, usually
consist of connective and alveolar tissues, therefore the changing of cell composition is not clearly
defined".

Figure 3:
The figure supports what is described in the text. See comments related to the scoring method

above. In the statistics, it is a bit unclear as to what was counted as an individual n. Was each slide
counted as a single n? Was each image (50 images / slide)? It would be helpful for context to
describe in a bit more detail either in these results or the methods section what was counted as an
individual experiment for interpretation of the statistical comparisons.

User comment
In the new version article has been revised:"The random 50 fields of view on IHC slides of each
treatment were observed under Leica ICC50 E at 0.5 um/pixel resolution".

Figure 4:
This figure supports what is described in the text. The graphs would benefit from changing the

Y-axes to be consistently labeled with the same amount of significant figures. Also - if the CCL2
expression is 100-fold different than NIT, etc., it might be beneficial to point this out in the
discussion, as this increase is substantially more than other differences seen that are 2-fold
different, for example.

User Comment
A revision has been done in the new version article:"The appearance of CCL2(15.29 fold change),
was significantly lower (p<0.01) on solid tumor tissues of the IT group than the INT group (97.72
fold change). This result was consistent with decreasing IL18 expression on tumor tissues of IT
group (1.34 fold change) compared to the INT group (2.08 fold change)". Figure 4.1. has been
edited for the scale of expression relative (fold change).

® |s the work clearly and accurately presented and does it cite the current literature?
Yes

® |s the study design appropriate and is the work technically sound?
Yes

® Are sufficient details of methods and analysis provided to allow replication by

others?

Partly

® |f applicable, is the statistical analysis and its interpretation appropriate?
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Partly
® Are all the source data underlying the results available to ensure full
reproducibility?
No source data required
® Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests
No competing interests were disclosed.

Reviewer Expertise
Cell physiology, Neuroscience, Cell signaling

Competing Interests: No competing interests were disclosed.

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  You can publish traditional articles, null/negative results, case reports, data notes and more
® The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com

Page 24 of 24



