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In this study a novel method was implemented and investigated in order to destroy cancer cells

inside the mouse body on a clinical level. In the case of in-vitro study, MTT assay was employed to
discover an effective dose of applied plasma and distinguish the plasma effect in direct and in indirect
treatments. Tumor growth was also measured in in-vivo section so that the effectiveness of direct and
indirect treatments could be compared. Furthermore, an investigation was conducted to study the
interferences between a conventional method (chemotherapy) and plasma treatment so as to increase
the effectiveness of treatment inside the body. Hematoxylin and Eosin, Flow Cytometry, TUNEL and
Western Blot assay were used to investigate any cell alteration and the impact of various treatment
methods on cancer cell and amount of their apoptosis and protein levels. Radiology and CT scan
images were taken to determine the final tumor volume. The results showed a significant cell death
and substantial reduction in tumor growth in direct plasma treatment in comparison with indirect
plasma treatment. Eventually, dramatic destruction of cancer cells was observed while using of indirect
plasma-chemotherapy combination, thus introducing an effective method for deep tissue tumors can
be introduced.

Plasma medicine has had a significant growth in recent years!>. Technologies such as plasma surgery to remove
lesions was fundamentally based on plasma deadly effects on living systems*°. Nowadays, the effect of cold atmos-
pheric plasma (CAP) on living cells and tissues has led scientists into investigating more on this issue®. In low
temperature plasma, ion temperature is close to room temperature, while electron temperature is in order of a
few thousands. High temperature electrons strengthen the plasma through the formation of different states and
the direct influence of electron ionization!®-!2. Furthermore, high temperature electron can separate molecu-
lar gases like oxygen and nitrogen. These sources produce Reactive Oxygen Species(ROS), Reactive Nitrogen
Species (RNS) and other reactive species as well, which is important in biomedicine'’. Among them, oxygen
species such as hydroxyl radical (OH)', atomic oxygen (O,)"*, hydrogen peroxide (H,0,)'¢, super oxide(O,™)',
ozone (O5)"” and nitrogen species such as nitric oxide (NO)", nitrogen dioxide (NO,)'® nitrogen trioxide (NO;)'¢,
nitrous oxide (N,0)'4, dinitrogen tetroxide (N,0,)'® and also positive ions such as N, *° are produced by cold
plasma'*?%21 Tza et al. have conducted an investigation on plasma with emphasis on biological applications show-
ing that plasma sources can be cheap and portable. These devices could have various designs having applications
such as food sterilization, blood coagulation, skin rejuvenation, wound healing and other skin diseases, dental
applications and anti-tumor effects on apoptotic processes?.

1Physics Department of Shahid Beheshti University, G.C., P.O. Box, 19839-69411, Tehran, Iran. 2Laser and Plasma
research institute, Shahid Beheshti University, G.C., P.O. Box, 19839-69411, Tehran, Iran. 3Hearing Disorders
Research Center, Loghman Hakim Medical Center & Department of Biology and Anatomical Sciences, School of
Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran. “Department of Biotechnology, School of
Advanced Technologies in Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran. Correspondence
and requests for materials should be addressed to H.-A.A. (email: dr.abbaszadeh@sbmu.ac.ir) or B.S. (email:
b-shokri@sbu.ac.ir)

SCIENTIFICREPORTS| (2018) 8:7689 | DOI:10.1038/s41598-018-25990-9 1


http://orcid.org/0000-0002-7157-1834
mailto:dr.abbaszadeh@sbmu.ac.ir
mailto:b-shokri@sbu.ac.ir

www.nature.com/scientificreports/

25000 N, He

= 20000 |
3
S
=2
2 15000 |
8
£
2
2 10000 |
©
Q
4
5000 |
04
200 300 400 500 600 700 800 900

Wavelength(nm)

Figure 1. Optical emission spectroscopy of the plasma jet in the range of 200-1000 nm.

Over the last few years, cancer has been recognized as a gene mutation disease with various involved genes
called oncogenes targeting specific signaling molecules. However, cancer-related mutations and multiple signal-
ing pathways lead to cancer and create complexity™.

Conventional treatments haven’t met the satisfaction of scientists and patients due to the complexity of mech-
anism of this disease and disadvantages such as high cost and its side effects on healthy tissues. Cancer treatment
by using cold plasma has drawn attention to itself. Compared to other conventional methods, Cold plasma treat-
ment is cheap and fast and hopefully is a reliable alternative*-?’.

Reaction of CAP with cancer cells in in-vivo and in-vitro shows anti-tumor effects?®~**. Such reaction is
resulted from combination of physical and chemical factors. UV photons, heat and electric fields are the phys-
ical factors***. Chemical factors contain tens of active species produced in a gaseous phase by cold plasma®.
Friedman et al. used cold plasma for cancer treatment and showed that high doses of plasma leads to necrosis
death and low doses to apoptotic death post treatment®’. Keidar et al. treated Bladder and B16/F10 melanoma
cancers in-vivo and observed that the tumors with initial size of less than 5 mm disappeared completely; however,
larger tumors underwent a reduction in size and maintained their size even after three weeks post treatment™.

Transferring plasma into the body is an important and challenging subject especially for deep tumors®, while
plasma radiation is restricted to the skin and it leads to cell death only in the upper three to five cell layers.
Therefore, scientists are looking for a way to transfer plasma inside the body**-*2. Utsumi et al. showed that
plasma activated medium reduced tumor size when injected into the mouse body. They also studied the effect of
plasma activated medium on Ovary cancer cells both in-vitro and in-vivo. They noticed 30% reduction of in-vitro
surviving rate and 69% reduction in tumor cell growth*. Keidar et al. also showed that the plasma activated
medium treatment induced cancer cell death in-vitro study*!. In the plasma activated medium, reactive species
are produced in the gas phase such as NO;, NO,, and H,O,. These species interact with cell surface and enter the
cell through the cell membrane, eventually destroying the mitochondrial networks in cancer cells via Caspase
apoptotic pathway*’. Tanaka et al. treated the Glioblastoma tumor cells as well as the normal astrocytes cells with
the plasma activated medium. They observed that Glioblastoma cells were perished selectively by this medium.
They also showed that extracellular signal-regulated kinase (ERK) and protein kinase B (AKT) signaling pathways
were set in a low level by means of the plasma activated medium. According to these results it could be concluded
that the plasma activated medium reduces the multiplication and surviving signals*. Judee et al. also studied
the effect of the plasma activated medium on spherical HCT116 multicellular tumor related to Colon cancer
and observed DNA damage and suppression of tumor growth*. Cheng et al. showed that CAP kills cancer cells
with minimal damage to normal cells*. In fact, high sensitivity of cancer cells to Reactive Oxygen Species (ROS)
is due to metabolic differences between cancer cells and normal cells?’. Cancer cells ROS levels are higher than
normal cells condition. Therefore, by CAP exposure, ROS concentration in cancer cells increases so rapidly that it
dominates antioxidant defense and causes cell deaths. Since low concentration of ROSs can be tumorigenic, ROS
elimination sources must be reduced in cancer cells*’. Reduction-oxidation reaction (Redox) treatment increases
ROS levels in both cancer cells and normal cells. High levels of Antioxidant in normal cells prevent ROS concen-
trations to reach the threshold of apoptosis. In cancer cells, ROS levels are lower than of normal cells, therefore
cancer cells cannot overcome apoptosis*®**. In this study, treatment has been done by using direct and indirect
plasma exposure in-vivo and in-vitro states on metastatic melanoma B¢F,, cancer cells to study and understand
the effectiveness of plasma direct exposer and plasma activated medium. That plasma to be used inside the body,
chemotherapy and indirect plasma were combined.

Results

Plasma spectroscopy, characterization. Figure 1A represents the results of reactive species intensity
measurements, produced by plasma. Different species were determined on the spectrum. ROSs and RNSs con-
taining NO (254 nm), O; (308 nm), OH (310 nm), N, (315nm-380nm), N,* (391 nm-428 nm) and O (777 nm)
have the highest intensity in the spectrum, and also have high importance in plasma medicine and biological
applications!*40:50-52,
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Figure 2. Cell cultured medium (A) Before and (B) After 6 minutes plasma treatment.

Cell cultured medium temperature post plasma treatment. Increasing temperature causes cancer
cell death. As mentioned before, the CAP applied for this study is in order of room temperature and has high
concentration of ROSs. In this section, to evaluate the thermal damage of CAP, Infra-Red thermometer was
implemented. In order to show that this device has no thermal effects, cell cultured medium temperature was
measured with Infra-Red thermometer after 6 minutes of plasma treatment and 1+ 0.1 °c temperature increase
was observed. This temperature change cannot inflict thermal damages in cells (Fig. 2).

Mouse skin temperature after plasma treatment. Mouse skin temperature was measured by Infra-Red
camera in in-vivo study and the increase of skin temperature after 6 minutes of plasma exposure was reported to
be 1 & 0.3°c, which cannot cause thermal damage (Fig. 3).

MTT assay. Asshown in Fig. 4 the cell death in the direct treatment is more than in the indirect treatment®>.
The best result was for the direct treatment with 45% cell death in 2 minutes exposure time, 94% in 4 minutes and
95% cell death in 6 minutes exposure time based on analysis conducted 48 hours after the treatment. Also, the
results for indirect treatment were 38% cell death in 2 minutes, 42% cell death in 4 minutes and 55% cell death in
6 minutes exposure time based on analysis conducted 48 hours after treatment. Eventually, since the best result
was shown for 6 minutes and 48 hours after treatment, this condition was selected to be used for comparative
study (Fig. 4A-C). Indirect plasma was combined with chemotherapy and as a result the cell viability deducted
t0 0.19% compared to control group. This amount compared to viability of 4.07% in direct plasma and 18.77% in
chemical drug is considerable.

Flow cytometry assay. Figure 5 represents that apoptosis was induced to the control and treatment groups

in B ¢F,, melanoma cancer cells based on flow cytometry results. For the first part of the experiment, g"l"
Cl

Bax

2
direct treatment is more noticeable than indirect treatment. Actually, rate for direct treatment is 10.96, for

Bd
indirect treatment is 6.20, for chemotherapy drug is 10.32, and for control group is 0.279.
Combinational therapy group of indirect plasma and chemotherapy drug with 18.53 Bﬂ rate and 66.4% apop-

tosis has the best effectiveness compared to the other groups. In addition, apoptosis in dlrect treatment was 38.07,
in indirect treatment was 23.27, and in drug treatment was 35.81. Besides, the expression of p53 was 0.37%,
22.73%, 30.18%, 80.76% and 61.87 in the untreated, indirect plasma, direct plasma, drug, and combined groups,
respectively. The results demonstrated that p53 expression of treated groups is significantly different from that of
untreated group.

Tumor size. Figure 6 shows mice tumor growth of direct and indirect plasma exposure, chemotherapy drug
and indirect plasma combined with chemotherapy drug treatment groups over 25 days of treatment. There was a
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Figure 3. Skin mouse temperature (A) Before and, (B) After 5 minutes plasma treatment.

significant difference between the control and treated groups that is shown in the diagram 6A. Direct plasma has
shown a better result than indirect treatment, although combination of indirect treatment with chemotherapy
had even showed better results such as negative growth®*. In other words, with fewer side effects, reduction of
tumor size was achieved by this new method. Best results were found for combinational therapy group for which
the volume of tumor reached to 2 + 0.3 mm? in mice having original tumor volume less than 100 mm? after treat-
ment. Furthermore, after the treatment, the survival rate of mice was investigated. Use of CAP treatment in both
direct and indirect treatment causes long life span. The average life time of mice in direct treatment group was
more than that of indirect ones. The results of combined group demonstrated that 70% of mice survived for 40
days. Moreover, all mice of control group were dead by the 30" day. There were significant differences in survival
rate between control and treatment groups as shown in Fig. 6B.

Hematoxylin and Eosin (H&E) result. H&E staining was performed to investigate the differences
between the control and the treatment groups. The histological results showed that the density of the cells showed
significant differences between the control and the treatment groups. The results showed that the number of cells
in the treatment groups are less than the control group (Fig. 7), and there were no signs of burning in the observed
tissues in treatment groups.

TUNEL assay. Nuclei were stained by DAPI, apoptotic cells were shown as TUNEL positive reaction and
nuclei were merged by positive reaction cells in Fig. 8. According to the results of the TUNEL test, shown in Fig. 8,
average of TUNEL positive cells (count)/ 10° mm?, in the combined, direct plasma, chemotherapy drug, indirect
plasma, and control groups was 18.43, 12.46, 13.06, 7.22, and 0.90, respectively. Apoptotic cells were not notice-
ably seen in untreated group. These date provided evidence regarding the therapeutic potential of the combined
group as an anticancer drug in melanoma cancer cells (P < 0.05) (Fig. 8).

Western blot result.  Figure 9 shows the expression of p-53, Bax and Bcl-2 in melanoma tumor cells after
treatment. The Bax protein is impeller of cell death. It has been proposed the relative sensitivity of cancer cells
to apoptotic exciter is controlled by the rate of Bax/Bcl-2 and other Bcl-2 family proteins. Direct and indirect
plasma, chemotherapy and combinational therapy increased the level of p-53 protein expression and Bax/Bcl-2
ratio. Therefore, this rate plays an important role in the apoptotic of tumor cells after treatment.

Radiology and CT scan. After the treatment of the mice tumor, the size of the tumor was evaluated by radi-
ological and CT scan image. As shown in Fig 10 and Table 1, although direct plasma treatment was more effective
than indirect treatment, the combined method showed a dramatic tumor size reduction. Radiological images also
indicate that no metastatic effects had occurred.
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Figure 4. MTT assay (A) Ohour after treatment, (B) 24 hour after treatment and (C) 48 hour after
treatment. (D) Comparison of the cell death in diverse groups. (P-values < 0.05 (*), P-values < 0.01 (**) and
P-values < 0.001 (*%%)),

Discussion

Cancer treatment by CAP is an idea with diverse pathways, including ROSs and RNSs with discontinuation of cell
cycle that induces apoptosis®. Apoptosis is a physiological and biological process which is necessary to maintain
homeostasis in body and if disrupted, it could lead to pathological conditions and diseases*®. Documentation
shows that CAP is an effective treatment for various cancer cell lines and tumors. CAP treatment increases ROS
in the cellular levels and bearing DNA damage to cancer cells while not influencing healthy cells vastly>’. Also, it is
shown that ROS reacts with amino acids which leads to membrane damage and lipid peroxidation stimulation®®°.
Consequently, ROSs could penetrate cell membrane and cause damage to imposed cells'. This procedure also
increases G,/M by double in cancer cells and creates an oxidative stress that gives rise to s-phase cycle damage®*.
Superficial tumors can be treated by direct exposure and obtain notable results***®. Direct exposure is not a prac-
tical when the tumor is inside the patient’s body. Nowadays, scientists are researching a method to transfer plasma
inside the body in order to inhibit tumor growth®. This study was performed to compare direct and indirect
plasma treatment and examine their effectiveness of both in-vivo and in-vitro. The antitumor mechanism of direct
and indirect treatment are mostly similar, although in indirect treatment some species will interact with media
prior to injection®. Cell cultured medium facilitates active species from gas phase to a dissolvable ones in liquid
and could transfers these species to interact with cells and their membrane®. It should be mentioned that since
lifetime of some species such as OH is short, they will be recombined prior to injection®"2.

Results in this study indicate that direct CAP treatment is more convincing than indirect one. This could be
due to different factors such as the surface of treatment, reactions of plasma reactive species such as OH, H,0,,
NO, 03, etc. with environmental compounds that the plasma collides with and long and short lifetime of reactive
species produced by cold plasma. The interaction of cold plasma with cell cultured medium and skin surface is
still unknown due to its complex composition of the medium and different layers of the skin.

Although indirect treatment was not as effective as direct method, it has relatively less toxicity on treated
cells. So, this observation indicates that indirect method could be used vastly inside the boy with much less side
effects*!. Therefore, pursuing a combined method of indirect plasma with a conventional therapy such as chemo-
therapy could be more practical because of increased antitumor effects yet reducing the drug dosage and side
effects. Results showed that the combination of the indirect plasma exposure with chemotherapy induced a signif-
icant reduction in tumor volume®. Not only no distractive interference of indirect plasma and chemotherapy was
observed but also this method was far more effective than any other methods. In this procedure negative growth
of tumor size at in-vivo study was observed. These findings are consistent with the results of previous studies
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Figure 5. (A) Diagram of flow cytometry assay in control and treatment group. (B) Rate in untreated, direct
and indirect plasma, chemotherapy drug and combination of indirect plasma and chemotherapy drug treatment
groups. (P-values < 0.05 (*), P-values < 0.01 (**) and P-values < 0.001 (***)).

which showed that combining a chemotherapy drug such as Temozolomide with CAP had a much stronger
impact than each one alone®.

In melanoma cells treated with CAP, receivers of tumor’s necrosis factor that are based on apoptosis pathways
are activated by increasing intracellular ROSs. Most observed apoptosis paths in cancer cells which are being
treated with plasma are based on mitochondrion paths that have been commenced by DNA and mitochondrial
damage®>%. P-53 phosphorylation that activates pro-apoptotic factors like Bax, is an essential step of cell cycle
stopping paths which is necessary to start apoptosis paths based on mitochondria®”®. The results showed that
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Figure 6. (A) Tumor growth measurements during the 25 days after direct and indirect plasma, drug and
combinational treatments groups compared to the control group. (B) Survival rate of the animals after
treatment. (P-values < 0.05 (*), P-values < 0.01 (**) and P-values < 0.001 (*%*%*)),

the plasma induces apoptosis in the tumor cells by activating the p-53 and Bax/Bcl-2 proteins. We realized that
apoptosis in chemotherapy and indirect treatment combination is %66.41, by flow cytometry assay. TUNEL assay
indicated similar results in-vivo. This also proves that the combined method is as effective as mentioned before.

As a confirmation, the results of radiology and CT scan show the reduction in tumor size in treated group
compared to control group. Also, according to the results it can be understood that cold plasma is an option to
inhibit metastasis of malignant cancer.

The difference in apoptosis rate with other studies is due to the experiment conditions such as concentration
of the active species®, FBS concentration in cell cultured medium for cell growth rate”, and the number of cells
per unit volume of the medium*'.

One of the issues raised in the plasma treatment is the thermal damage implied to tissue’’. It can be said
that the effect of ultraviolet radiation, heat and magnetic fields are negligible on the cells*>’2. By measuring cell
cultured medium temperature by an Infra-Red camera, it was observed that cell cultured medium temperature
after 6 minutes of plasma exposure increased to 36.2 °c. Considering that standard incubator temperature is 37 °c,
it could be concluded that plasma treatment has no thermal effects on cancer cells. Also, mouse skin tempera-
ture was evaluated in-vivo experiment and temperature increase was reported about 14 0.3 °c, showing that this
change in temperature cannot inflict any thermal damages. In this regard, the result of H&E staining after plasma
exposure proves that cold plasma doesn’t cause any thermal damages’.

Furthermore, since ultraviolet photons and thermal effects are negligible factors, the observed cellular
response is mostly due to the impact of different species generated by cold plasma’>’*. Even after disappearing the
tumor with CAP treatment there were no signs of skin damage. Since ROS levels in cancer cells are higher and
antioxidant levels are lower than those in normal cells, they reach the threshold of apoptosis rapidly when plasma
is radiated on the tumor'®*. Plasma is an adjustable source of active species; therefore, cellular response to plasma
exposure is due to the production and composition of these species*.

In summary, this study showed that although the direct plasma treatment effectiveness is more than indirect
treatment, the plasma activated medium showed great potential for tumors located inside the body or when
plasma device is not available.

The present study revealed that the combination of the plasma activated medium with other conventional can-
cer treatment methods such as chemotherapy has more antitumor effects than direct plasma and chemotherapy
alone; it also reduces the side effects and the drug dosage as well.
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Figure 7. The results of tumor H&E staining have been shown in (A) Control group, (B) Chemotherapy drug,
(C) Indirect plasma, (D) Direct plasma, (E) Combination of indirect plasma and chemotherapy drug. The
tissue sections were prepared from a 2-3 mm depth. The scale bar of images is 500 pm.The scale bar of images is
625pm. (P-values < 0.05 (*), P-values < 0.01 (**) and P-values < 0.001 (**%*)).

Material and Methods

Ethics statement. In this study 8-10 week— C57 female mice were purchased, and kept in laboratory animal
house of Shahid Beheshti University of medical science in clean cages with free access to mouse food and water
to reach the 18-20 gr weight. Laboratory animal house temperature was about 24 °c and their lighting program
was controlled 12 hours of light and 12 hours of darkness. Mice at the time of surgery were calm with anesthesia
injection. All mice conditions were equal at all times and were in accordance with the animal ethical statement of
Shahid Beheshti University of medical science.

Plasma setup and characterization. The plasma jet device consists of a copper tube as a central elec-
trode, the copper ring as a ground electrode and the Acrylonitrile Butadiene as a dielectric barrier. The copper
tube was connected to the high voltage power supply and the copper ring was connected to the ground. In this
setup a 25kHz AC power supply with the voltage of 5kV was used. Helium gas was chosen as the carrier gas with
a flow rate of 4slm. The range of plasma plume length was (22 & 1) mm and the distance between the nozzle and
floor plate or the skin surface of the mice was 15 mm. To determine the characteristics of plasma, two types of
spectrometers Avaspec-3648-USB, with a wave length of (200-1100) nm and with (0.6-0.7) resolution and Ava
spec ULs 3648 usB, with a wavelength of (280-440) nm and with (0.09-0.1) nm resolution were used to identify
the type and intensity of species in plasma. Emission spectrum of plasma was collected by using an optical fiber,
which was placed vertically near the plasma plume, and spectrum obtained from plasma was analyzed by Ava
soft 7.5.3 software.

Study methods and plasma exposure. In-vivo and in-vitro studies were conducted on treatment of the
mouse metastatic melanoma cancer. Two types of treatments by using CAP jet, which have been used for cancer
treatment as shown in Fig. 11, are direct and indirect techniques.
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Figure 8. (A) Analysis of apoptosis and DNA damage by using TUNEL assay. These nuclei were staining with
TUNEL kit after drug injection and plasma exposure. TUNEL and DAPI images were merged and produced
overlay images. (B) Average of TUNEL positive cells (count)/10* mm? in untreated, combination of indirect
plasma and chemotherapy drug, drug, indirect plasma and direct plasma tumor tissues. The scale bar of images
is 625 um. (P-values < 0.05 (*), P-values < 0.01 (**) and P-values < 0.001 (**%)).

In the direct method, CAP was imposed directly to the cells and the mouse tumor. In the indirect method,
1 mL of cell culture medium treated by CAP with different doses in a 6-well plate. Immediately after, certain
volume of CAP activated medium was used for cancer cells treatment in-vivo and in-vitro studies. There exists a
drastic distinction between plasma plume delivered in ambient air and plasma plume delivered on the mouse, as
evidenced by the photographs in Fig. 11. In addition, target is very influent on the plasma features®7>7,

Cell cultured and plasma treatment. The murine metastatic melanoma B ¢F,, cancer cells (Pasteur insti-
tute, IR) were cultured in a complete medium containing Dulbecco’s modified Eagles medium, DMEM (Gibco
Co, USA), 15% (v/v) fetal bovine serum (FBS) (Gibco Co,USA), 2mM L-Glutamine, 1% (v/v) penicillin and
streptomycin solution (sigma- Aldrich, USA) as an antibiotics. The cells were incubated at 37 °c under 5% co, in
the Shahid Beheshti University Labs.

Cyclophosphamide (Sigma-Aldrich, USA) which can act as an apoptosis-inducing agent was used at the con-
centration of 500 ug/ml as a conventional chemotherapeutic drug””.

MTT assay. MTT assay was performed to determine the cytotoxicity of direct and indirect plasma treatments
and to find the optimum doses. B,4F,, melanoma cells were cultured at density of 4 x 10* cells per well in the
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Figure 9. (A) The results of western blotting have been shown using antibodies Bax, Bcl-2 and p-53 in
treatment and control group. The images of control, direct plasma and indirect plasma + drug groups were
plotted on a same gel and the images of drug and indirect plasma groups were plotted on another gel. (B)
Relative protein levels in 5 different groups. (P-values < 0.05 (*), P-values < 0.01 (**) and P-values < 0.001
(%)),

complete medium. Cells’ conditioned medium was removed after 24 hours and CAP irradiated in the direct and
indirect methods as follows.

In the direct method, a complete medium was added to the cells and then they were treated by CAP for differ-
ent dosages of 0, 2, 4 and 6 minutes.

In the indirect method, 1 mL a complete medium was transferred to a 6-well plate, and was treated by CAP for
0, 2, 4, and 6 minutes. Then the plasma activated medium was added to each of the 6-well plates.

Direct and indirect treatments were compared and the optimum dosage of plasma was determined, second
comparison was conducted to investigate the effect of combination of indirect plasma and common therapies
such as chemical drug. In the direct treatment, cell supernatant culture medium was replaced with 1.5 ml of com-
plete medium and then CAP was imposed for 6 minutes.

In indirect treatment, 1.5 ml of completed medium was treated by CAP in 6-well plate for 6 minutes; after-
wards the complete activated medium was transferred on the cells. In chemotherapy group, cells received 500 pg/
ml of cyclophosphamide and in a combination of chemotherapy and indirect CAP treatment group cells received
500 pg/ml of cyclophosphamide and also received 1.5 ml plasma activated medium.

Flow cytometry. Flow cytometry analysis was done to measure cell apoptosis. 4 x 10* B F,, melanoma
cells were cultured in 5 different groups with six repeats. According to the results of MTT assay, flow cytometry
tests were done 48 hours post treatment. After treatment, the cells were trypsinized and were washed twice with
Phosphate-Buffered Saline (PBS), centrifuged at 2000 revolutions per minutes (RPM) for 5 minutes and added
500 uL of the binding buffer. When cells were separated from each other, cell suspensions were prepared and were
stained by flow cytometry protocol.

Animal study. 1 x 10° B (F,, melanoma cells in DMEM were injected subcutaneously to 36 female C57BL/6
mice aged 8-10 weeks (purchased from Pasteur, IR). After a week, when tumor size reached to (5-6) mm, the
experiment was separated into two categories. First a comparison was made between direct and in direct plasma
treatments and afterwards the combined group with others. Combination of chemotherapy and plasma treatment
was implemented to investigate possible interferences. In direct CAP treatment group, CAP was imposed directly
to surface of the tumor for 6 minutes and in indirect CAP treatment group, mice received 400 uL of activated
medium which was activated for 6 minutes by plasma exposure. Also, the same volume of DMEM medium that
has not been exposed by plasma was injected to the other groups to investigate DMEM possible side effects and
qualities of the therapy. In the drug treatment group, each mouse received 130 % cyclophosphamide, and in the

combined group, each mouse received administered i.p cyclophosphamide at the dose of 130 "¢ and were treated

by 400 pL activated medium’®. Treatment was performed every day at the same time and for 28 days. Tumor vol-
ume was calculated using the formula V =0.52 x (X*Y) for every 5 day and for all groups. For tumor extraction,
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Figure 10. Radiology, sagittal and axial CT scan images of mice with melanoma cancer in all groups after

intervention.
Group name Length(mm) | Width(mm) | Height(mm)
1. Control group 15.4 19.8 10.1
2. Indirect plasma group 14.6 10.9 4.5
3. Drug group 9.8 9.7 2.5
4. Direct plasma group 9.7 11.8 1.8
5. Combination of Indirect plasma and chemotherapy group 2.7 3.6 0.7

Table 1. Shows the length, width, height tumor of mice based on CT scan results.

mice were anesthetized with ketamine (100 Z’l) and xylazine (10 %) (Alpha, Co.IR) and fixed in 10% paraform-
aldehyde for 1 month. ¢ ¢

Hematoxylin and Eosin staining. Histological evaluation was performed at 25 days after direct and indi-
rect treatments. Every tumor was removed and tissue samples were fixed in 10% formalin for 1 month. Then the
tissue samples were embedded in paraffin blocks and serial sections (10 pm thick) were made using a microtome.
For the microscopic descriptive analysis of each group, sections were stained with H&E in order to estimate the
density of the cells of the tissue samples.
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TUNEL assay. DNA fragmentation refers to apoptosis markers. Terminal deoxynucleotidyl transferase dUTP
nick and labeling (TUNEL) is a method to detect DNA fragmentations and was used to evaluate the induced
apoptotic effects of plasma therapies. This test was performed using situ Cell Death Detection kit (fluorescence,
Roche, CH). After treatment, the xenograft B,¢F,, tumors growing in mice were harvested at necropsy, fixed and
embedded in paraffin and mounted on glass slides, deparaffinized with xylene, rehydrated in a piecemeal series
of ethanol, washed in H,O and subjected to TUNEL staining. Assay was performed according to the TUNEL
protocols. The images of all groups obtained by TUNEL were processed by image j software and then the diagram
of TUNEL positive cells/10° mm? were indicated for all groups”.

Western blotting. After evaluating the effects of direct, indirect, and combined therapy on proliferation
and apoptosis, several proteins activation such as p53, Bax, Bcl-2 and 3-Actin were investigated by western
blotting. Half of the tumors were extracted from the animals, to determine the protein level in tissue of all
groups. To perform this analysis, tissues were washed twice with PBS, then squished and combined with buffer
and centrifuged for 15 minutes. The protein concentration was determined by applying the Bradford method.
The proteins were dissevered by electrophoresis with sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE)
and then transferred onto polyvinylidene difluoride (PVDEF). Finally, they were investigated with primary
antibody including rabbit polyclonal anti-Bax (1:200), mouse polyclonal anti-Bcl2 (1:200), rabbit polyclonal
anti-P53 proteins (1:200) (Santa Cruz Biotechnology, USA) and secondary antibodies conjugated with horse
radish peroxidase (HRP) (Cell Signaling Technology, USA).the (3- Actin generation signal was used as an inter-
nal control.

CT scan and Radiology. To perform radiology examinations and CT scan in controlled and treated groups,
mice were transferred to the CT scan and radiology of Taleghani clinic. Radiation in CT scan was performed at
zoom of 1.08, axial and sagittal cutting with 2 mm thickness, 10mA current and 120kV voltage. Radiology exam-
inations were performed at tube current-time of 220 mAs and voltage of 80 kV.

Statistical analysis. Results were expressed as mean + standard deviation (mean +SD) and calculated by
Spss Software. One way-ANOVA was used for comparing the groups with each other. In addition, student t-test
was employed to compare the means of each group in tumor volume.

Ethical Considerations. The proposal of study was approved by the Ethics Committee, deputy of research,
Shahid Beheshti University of Medical Sciences, Tehran.
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