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Research Article ABSTRACT

Article History: Exosomes are nano sized (30-100 nm) bioactive vesicles that constitute the
iﬁg‘;‘p‘gﬂ: L0820 smallest subgroup of extracellular vesicles (EVs). They have properties such
Published online: 05.07.2023 as transporting genetic materials, maintaining intercellular communication,

regulating immunity, and transmitting signals. Although plant-derived
nanoparticles, which exhibit a wide range of therapeutic potential, have not

Key words: been studied as extensively as in mammalian cells, there is an increasing
Gundelia dersim : . . . X

Exosome number of research supporting their cross-kingdom effects. This study aims to
Cancer investigate the cytotoxic effects of exosome-like nanoparticles isolated from
Cell viability the Gundelia dersim plant (GdENSs), which is endemic to Turkey, on cell

viability in human lung cancer (A549) and human colon cancer (HCT 116)
cell lines. The isolated GAENs were imaged through nanoparticle tracking
analysis (NTA). Protein analysis was performed with BCA (Bicinchoninic
acid). The nanoparticles were applied on A549 and HCT116 cell lines. By
conducting a Water-soluble tetrazolium salt-1 (WST-1) assay, the cytotoxic
effect on these cell lines was studied. According to our findings, the increasing
concentrations of isolated GAENs on, demonstrated cytotoxic effects by
reducing cell viability in HCT 116 cell lines at 75, 100 and 250 pg/mL within
24, 48 and 72 hours. In A549 cell lines, it was determined that nanoparticles
exhibited cytotoxic effects at 24 hours in all concentration units, but did not
exhibit any cytotoxic effect by increasing cell viability at 72 hours. In
conclusion, GdENs are thought to have therapeutic potential as an
anticarcinogen if supported by more comprehensive studies.

Gundelia dersim Eksozom-Benzeri Nanopartikiillerin Insan Kolon ve Akciger Kanser Hiicre

Hatlarinda Hiicre Canhihg Uzerine Etkileri

Arastirma Makalesi o7

Makale Tarihgesi: Eksozomlar; kalitsal metaryal tasima, hiicreler arasi iletisimi saglama,
Gelis tarihi: 12.08.2022 bagisiklig1 diizenleme ve sinyal iletme gibi 6zelliklere sahip olan ekstraselliiler
Kabul tarihi:02.02.2023
Online Yaymnlanma: 05.07.2023  Vezikiilllerin (EV) en kiigiik alt grubunu olusturan, nano boyutlardaki (30-100

nm) biyoaktif keseciklerdir. Genis bir terapdtik potansiyel sergileyen bitki

tiirevli nanopartikiiller, memeli hiicrelerindeki kadar ¢ok ¢aligilmamis olsa da

Anahtar Kelimeler:

Gundelia dersim bunlarin cross-kingdom etkilerini destekleyen arastirmalarin sayisi giderek
Eksozom artmaktadir. Bu ¢alismanin amaci; Tiirkiye i¢in endemik olan Gundelia dersim
Kanser bitkisinden izole edilen eksozom benzeri nanopartikiillerin (GdEN) insan
Hiicre canlihd akciger kanseri (A549) ve insan kolon kanseri (HCT 116) hiicre hatlarindaki

hiicre canlilign iizerine sitotoksik etkilerini arastirmaktir. Izole edilen
GdEN’ler, nanopartikiil izleme analiziyle (NTA) goriintilenmistir. BCA
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(Bikinkoninik asit) ile protein analizi yapilmistir. Nanopartikiiller A549 ve
HCT116 hiicre hatlarina uygulanmistir. Suda ¢oziiniir tetrazolyum tuzu—1
(WST-1) analizi yapilip bu hiicre hatlarinda GdEN’lerin sitotoksik etkisine
bakilmistir. Bulgularimiza gére, GAEN’lerin artan konsantrasyonlart HCT 116
hiicre hatlarinda 24, 48 ve 72 saatte 75, 100 ve 250 pg/mL’de hiicre canliligin
azaltarak sitotoksik bir etki gdstermistir. AS549 hiicre hatlarinda ise
nanopartikiillerin, tiim konsantrasyon birimlerinde 24 saatte sitotoksik etki
gosterdigi, 72 saatte ise hiicre canliliini arttirarak sitotoksik etki gostermedigi
tespit edilmistir. Sonu¢ olarak, GdEN’lerin daha ileri c¢aligmalarla
desteklenmesi  durumunda  anti  kanserojen  etki  gOsterebilecegi
diisiiniilmektedir.

To Cite: Erman F., Kaya G., Tirkoglu S. Effects of Gundelia dersim Exosome-Like Nanoparticles on Cell Viability in

Human Colon and Lung Cancer Cell Lines. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2023; 6(2):

1408-1420.

1. Introduction

Gundelia dersim is a thick perennial plant with a milky latex, often called “Kereng” or “Kenger”. The
leaves are single-stemmed with strong-toothed thorns. The capitulum has few flowers, and it is
morphologically homogeneous and discoid, densely concentrated in the head similar to Eryngium L. It
is an endemic plant known for its milky gum-like secretion in the Tunceli region of Turkey (Figure 1).
This secretion is used in ice cream production, for stomach disorders such as gastritis, ear disorders, to
strengthen the jaw, and for chewing problems (Acar et al., 2021). Various species of the genus
Gundelia have been used in traditional medicine systems to treat human diseases (gastric pain, vitiligo,
chest pain, bronchitis, heart stroke, liver diseases, diarrhea, diabetes), and some species are found to
harbour anti-cancer properties in their phytochemistry (Abu-Lafi et al., 2019; Dalar et al., 2019, Ertas
etal., 2021).

Figure 1. Gundelia dersim plant (Acar et al., 2021)

The cell’s ability to perform many tasks simultaneously in multicellular organisms is possible through
intercellular communication. Extracellular vesicles (EVs) are nanovesicles heterogeneously released
by eukaryotic cells and known to have important biological functions such as signal transduction,
intercellular communication, immune regulation and genetic material transport. Exosomes constitute

the smallest sub-group of EVs. They are bioactive vesicles of 30-100 nm size that can be obtained

1409



from all body fluids (Kahraman et al., 2014; Ersdz et al., 2016; Yildirim, 2018; Inanir and Ekici 2020,
Nemati et al., 2022).

Exosomes are more common in mammalian cells. However, with recent studies, exosome-like
nanoparticles have been obtained from many fruits and plants. Some examples of these sources
include grapes, grapefruit, ginger, carrots, lemon, and blueberry. An increasing number of both in vivo
and in vitro studies have been conducted to elucidate the roles of plant-derived exosome-like
nanoparticles (PENs) in diseases and health (Taylor and Gercel-Taylor, 2008; Yildirim, 2018; inanir
and Ekici, 2020; Kameli et al., 2021). In a study examining the effect of grape EVs on intestinal stem
cells, it was reported that oral administration of these EVs might provide protection from dextran
sulfate sodium (DSS)-induced colitis in mice (Ju et al., 2013). In a similar study where ginger-
derived EVs were administered to mice with DSS-induced colitis, it was presented that ginger-derived
nanoparticles were mainly taken up by intestinal epithelial cells and macrophages and were nontoxic.
At the same time, using different mouse models of colitis, these nanoparticles were reported to reduce
acute colitis, enhance intestinal repair and prevent chronic colitis and colitis-related cancer (Zhang et
al., 2016).

Moreover, it was reported that EVs isolated from Dendropanax morbifera and Pinus densiflora plants
could exhibit cytotoxic effects on tumor cells (Kim et al., 2020). In another study, citrus-lemon-
derived nanovesicles were reported to inhibit cancer cell proliferation in various tumor cell lines
(Raimondo et al., 2015). The enormous therapeutic applications of PENSs, such as their anti-
carcinogenic and anti-inflammatory effects, their role in cell-to-cell communication and regulation of
intestinal homeostasis, have become an area of interest in the field of biomedicine (Rome, 2019). A
study of exosome-like nanoparticles derived from edible tea flowers has shown that these nanovesicles
cause mitochondrial damage, cell cycle cessation, cell apoptosis, microbiota modulation, and they
inhibit the growth of breast tumours and lung metastasis (Chen et al., 2021). Research on exosomes
from wheat derivatives (Triticum aestivum L.) has demonstrated the wound healing properties of
exosomes using both in vitro and in vivo approaches (Kogak, 2021). Although it has been suggested
that PENs mediate cross-kingdom communication, the detailed mechanisms about their roles in
pathogenic processes have not yet been fully elucidated. (Kim et al., 2022).

The aim of this study was to evaluate the putative therapeutic potential of exosome-like nanoparticles
isolated from the G. dersim plant in human lung cancer (A549) and colon cancer (HCT 116) cells
using an in vitro approach. G. dersim is an endemic plant for Turkey and a study examining the effects
of plant exosomes on cancer has not been done before. Therefore, every study to be done on this
subject will be the first and will be illuminating about the characteristics of the plant. It will contribute
significantly to the development of new drugs as an alternative treatment option for cancer, which is

one of the most serious and increasingly widespread problems of today.
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2. Materials and Methods

2.1. Exosome Isolation

The Gundelia dersim plant was collected from Tunceli — Mazgirt (Giirbiizler road, Tunceli 14,2 km,
1390 m, 39°6'44" N / 39°42'30" E, 01,06.2021). The plant was ground in a mixer, and the mixture was
filtered through a filter paper. The extract was centrifuged for 10 minutes at 1000 x g, 10 minutes at
20000 x g, and 30 minutes at 20 000 x g respectively, at room temperature. After each stage, the pellet
was removed, and the supernatant was collected. Following the last centrifugation, the supernatant was
filtered with a 0.22 um filter. The PEG-DEX (Polyethylene Glycol- Dextran) solution that is used in
the Aqueous two-phase systems (ATPS) isolation method (Kirbas et al., 2019) was added at a 1:1 ratio
(22.5 mL of PEG-DEX for 22.5 mL of extract). A wash solution with a 1:1 ratio (ATPS isolation
solution with distilled water) was prepared for the washing process. The mixture was centrifuged at
1000 x g for 10 minutes at 4 °C. The wash solutions with buffered samples were centrifuged at 1000 x
g for 10 minutes. 80% of the top phase was discarded. Wash solution at the same amount of the
discarded part (36 mL) was added, and the solution was centrifuged at 1000 x g for 10 minutes at 4 °C.
Repeating the washing process, the part above the phase line was discarded. The G. dersim exosomes

obtained were stored at -20°C.

2.2. Nanoparticle Tracking Analysis (NTA)

The determination of exosome amount and dimensional distribution is calculated by a blue laser beam
at 488 nm via Nanoparticle Tracking Analysis (NTA) (Ozkan et al., 2021). GdENs were diluted
1:1000 with sterile nuclease-free water before measurements. The samples were placed in the chamber
of the test device (Nanosight NS300 (Malvern, UK)) and a video was recorded at 25 frames/s. The
video was evaluated by the NTA software version 3.3.301 Nanosight. For each exosome, the two-
dimensional Stokes-Einstein equation was used at least 5 times to analyze the particle size of
exosomes and Brownian motions and particle motion velocities were utilized. Additionally, Zetasizer

Nano ZS (Malvern Instruments) was used to evaluate the particle size of isolated exosomes.

2.3. Protein Analysis with BCA

The protein concentration was determined by using the BCA protein analysis (Thermo Fisher) Kkit.
Bovine Serum Albumin (BSA) was used as standard. Serial dilutions of the standard were prepared.
Exosomes were diluted at a 1:5 ratio (5 uL of exosomes, 20 uL of H,0). Water was used as a blank
and 10 pL of diluted exosome, water and standards were added in wells. Next, B and A solutions were
mixed at a 1:50 ratio, and 200 pL of the mixture was supplied to each well. The plate was incubated
for 30 minutes (CO, incubator. Absorbances were read at 570 nm in a spectrophotometer (Thermo
Scientific, USA).
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2.4. Cell Lines and Passaging

The human colon cancer (HCT116) and human lung cancer (A549) cell lines were bought from ATCC
(American Type Culture Collection). Dulbecco's Modified Eagle's Medium (DMEM: High-glucose,
glutamine) was used as the culture medium of the cell lines, and this medium was enriched with 10%
(VIV) fetal bovine serum (FBS) and 1% (V/V) PSA (10.000 units/mL of penicillin, 10.000 pg/mL of
streptomycin, 25 pg/mL of amphotericin B). The cells were incubated in the humidified 37°C
incubator with 5% of C0, (Ozkan et al., 2021). As the first step of the transition of the adhering cells,
the surface of the bottles was washed with Ca* % and Mg* %free 1 x DPBS (Dulbecco's phosphate-
buffered saline solution). The cell-surface interaction was separated with 0.025 % (W/V) trypsin for 3-
5 minutes at 37°C. The detached cells were collected on the live cell culture and centrifuged at 1300
rpm for 5 minutes. The pellet was dissolved in the live cell culture. DMEM with exosome-depleted
FBS (%10) was used for the exosome treatment. To determine the number of cells per unit volume, 10
pL of cells with media were added to the hemocytometer (Hausser Scientific, Horsham, Pennsylvania,
USA) and the cells in the 4 outer squares were counted under the microscope. To determine the
average number in each square, the value resulting was divided by 4. The number of cells counted in
the 4x4 area is the amount of cells in 0.0001 mL, so the result was multiplied by 10* to find the
number of cells per milliliter. The value resulting was also multiplied by 10 (dilution factor) to obtain

the final number of cells per milliliter.

2.5. Treatment with Exosomes and WST-1 Assay Analysis

100 pL of PBS was placed to each of the edge wells of a 96 well plate. 100 uL (5000 cell) of cell
suspension with media (DMEM) were cultured into each well, and the plate was kept in the CO,
incubator. Twenty four later, the preparation of the cell culture, the media in the wells were removed,
and fresh media (DMEM) was added to control groups (150 pL to each well). 150 uL of exosomes
with media ranged between 25-250 pug/mL, was added into the control groups, and they were left for
incubation (CO, incubator) (Kocak et al., 2016). Exosome concentration was determined by NTA.
Following the exosome treatment for 24, 48, 72 h; the excess part was discarded leaving 90 uL in the
wells. 10 uL of WST-1 stain was added to each well, and the plate was incubated for 30 minutes (CO,
incubator). Measurements were made in the spectrophotometer device (at 540 nm wavelength). Four
independent tests were performed to create the growth percentage against control cells while cell

viability was calculated as a percentage based on the measured absorbance values.

2.6. Statistical Analysis
Statistical analysis of the data was performed using two-way ANOVA and IBM SPSS Statistics
software (v 22.0, IBM, Armonk, NY, USA). P < 0.05 was considered statistically significant. Datas

were evaluated at 95% confidence interval.
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3. Results

3.1. Nanoparticle Tracking Analysis (NTA)

Isolated GAENs were characterized based on their size and morphology. According to Figure 2, the
diameters of the particles are between 30 nm to 230 nm. This finding is in line with the literature
(Raposo and Stoorvogel, 2013). Since the contents of nanoparticles may vary, they are distinguished
by their distinct size and morphology. According to the results, D10 (particle diameter corresponding
to 10% cumulative small size distribution) was 79,4, D50 (the median diameter of particle size
distribution) was 113,8, and D90 (the particle diameter corresponding to 90% cumulative small
particle size distribution) was 163.8 nm. Nanoparticle concentrations were obtained as 2,53x10%
particles/mL. The mean mode size was 109.1 +/- 3.2 nm. The resulting graphs are demonstrated in

Figure 2 and Figure 3.

Figure 2. Concentration/Diameter Graph of Nanoparticles
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Figure 3. Intensity/Size Graph of Nanoparticles
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3.2. Protein Analysis

The protein content of nanoparticles was calculated as 0.3875 ug/mL using the standard curve
obtained from serial dilutions of Bovine Serum Albumin, which is used as a standard. The BCA test is
a widely used colorimetric method to estimate the protein concentration in samples (Morton and
Evans, 1992). The proteins detected in the tests are important indicators of the existence of GdENSs.

3.3. Cell Viability (WST-1) Analysis

To determine the toxic dose of the exosomes like nanoparticles obtained from Gundelia dersim on
cancer cells, a cell viability test was performed by employing a WST-1 assay test. The operation
principle of WST-1 depends on the division of tetrazolium salt by a cellular mitochondrial
dehydrogenase to form a formazan (Yin et al., 2013). The increase in cell viability increases the
number of mitochondrial dehydrogenases, thus a saturated colour becomes generated. With this
method, cell viability is measured through colorimetric ways (Kogak, 2021). The cell viability of the
treated cells was calculated according to the viability of control cells.

In response to increasing doses of GAENSs and treatment time periods, the cell viability of the HCT116
cell line was evaluated relative to control cells (n=4). A decrease of 20-30% at 100 and 250 pg/mL
concentrations occurred in the 24-hour incubation period in the HCT116 cell line compared to control
cells. For the 48-hour incubation at 75, 100, and 250 ug/mL concentrations, the decrease was 30-40%,
while it was 10-30% in the 72-hour incubation at 75, 100 and 250 pg/mL concentrations. At the
HCT116 cell line, no cytotoxic effect was observed at 24, 48, and 72 hours and 25 and 50 ug/mL,
however, a significant cytotoxic effect (p<0.05) was observed by reducing the cell viability by a mean
ratio of 25% at 75, 100 and 250 pg/mL (Figure 4).
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Figure 4. HCT116 Cell Viability (%)/Concentration Graph.
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The cell viability results of the A549 cell line against the increasing doses and treatment periods with
GEs are presented in Figure 5. Although in all 24, 48, and 72-hour incubation periods there were
increases in cell viability proportional to the increased concentrations in the A549 cell line, after the
24-hour incubation a 30-35% decrease occurred in all concentrations compared to control cells, and
following the 48-hour period, there was a 20% decrease in the 25 pg/mL concentration, and 10%
decrease in the 50 ug/mL concentration. After the 72-hour waiting duration of the same cell line, an
increase of 10% was observed in the 25 pg/mL concentration, and a 60% of the increase in the 100
and 250 pg/mL concentrations. Cell viability of the A549 cell line was evaluated relative to control
cells in response to increasing doses of GAENSs and treatment times (n=4). While it was observed that a
significant cytotoxic effect (p<0.05) was observed in the A549 cell line, reducing cell viability by 21%
at 24, 48, and 72 hours and only at 25 pg/mL, nanoparticles added to the cells at high concentrations

did not demonstrate cytotoxic effects. On the contrary, they increased viability (Figure 5).
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4. Discussion

Recently, PENs have become the center of attention due to their excellent biocompatibility, anti-
inflammatory activities and antitumor capacities (Chen et al., 2022). Numerous studies reported that
PENSs exhibited anti-cancer effects. In the study with exosomes obtained from garlic, exosomes were
given to metastatic breast cancer, small cell lung cancer, and colon cancer cells, and the effects of
plant exosomes on cancer cells were examined. Garlic exosomes have not had significant toxicity on
normal cells but have been shown to have an effect in reducing cancer cell viability (Yildirim, 2018).
In another study conducted on cancer cell proliferation of garlic-derived small extracellular vesicles

(SEVs), it was reported that increasing doses of garlic SEVs did not demonstrate a significant
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cytotoxic effect on the viability of normal human dermal fibroblast (HDF) cells. On the contrary, it
significantly increased the proliferation of HDF cells when exposed to low doses of garlic SEVs
(Ozkan et al., 2021). In a study investigating the biological activities of exosome-like nanovesicles
isolated from cabbage (Cabex) and red cabbage (Rabex) in human cells, cabex increased the
proliferation of human keratinocyte (HaCaT) and murine macrophage (RAW 264.7) cells 72 hours
after the treatment, and it was concluded that cabex and rabex generally increased the cell proliferation
without demonstrating a cytotoxic effect (You et al., 2021).

In the current study, the effects of exosome-like nanoparticles isolated from Gundelia dersim, an
endemic plant in Turkiye, on cell viability in HCT 116 and A549 cell lines were investigated.
Polyethylene glycol was used in the isolation of GAENs by ATPS method to enrich the concentration
and isolation efficiency. Dextran has surface properties that allow selective separation by specifically
attacking exosomes and pushing/excluding the remaining extracellular vesicles. The two-phase
separation allows exosomes to remain in the lower DEX phase, while contaminants and proteins
remain in the upper PEG phase (Kim et al., 2015). This method provides a more inexpensive and
easier way to isolate extracellular vesicles such as exosomes (Konoshenko et al., 2018).

In a study investigating the cytotoxic and antigenotoxic effects of different extracts of G. dersim
plant, it was reported that the plant did not have any cytotoxic effect in the range of 0.25-50 mg/L
concentrations (Aydin, 2022). In the literature review on this matter, no study on the cell viability of
GdENSs in cancer cells was found. However, certain studies were conducted with Gundelia tournefortii
extracts. Jamshidzadeh et al. reported that these extracts could provide protection against CCl4-
induced liver damage at doses of 200 and 300 mg/kg, but were less effective at doses higher than 300
mg/kg (Jamshidzadeh et al., 2005).

Various concentrations (25, 50, 100 and 200 ug/mL) of gold nanoparticles obtained from Gundelia
tournefortii leaf extract were reported to have a significant cytotoxic effect on ovarian sarcoma (Skov-
3), human colorectal adenocarcinoma (Caco-2) and glioblastoma (U118) cells and suppressed the
viability of cancer cell lines by 14-59% at 25 ug/mL after 48 hours (Keskin et al., 2022). In another
study, Gundelia tournefortii extracts exhibited anticancer effects on HCT 116 cell lines by MTT assay
(Abu-Lafi et al., 2019). Additionally, the same plant extracts provided a significant cytotoxic effect on
the breast cancer cell line (MCF-7) at 24 and 48 hours, and a decrease in cell viability was observed
depending on the dose and time (Ozaltun and Dastan, 2019). Lemon juice (Citrus limon L.) derived
vesicles (5 or 20 pg/ml) were reported to inhibit tumor cell viability in A549, SW480 (human
colorectal adenocarcinoma cell line) and LAMAG84 cell lines for 24, 48 or 72 hours in a dose and time
dependent manner compared to untreated cells by MTT viability assay. At 48 hours, 20 pg/ml
nanovesicles demonstrated a 50% viability reduction in three cell lines (Raimondo et al., 2015).

In our study, GAENSs exhibited a cytotoxic effect by decreasing cell viability by 25% (p<0.05) at 75,
100 and 250 pg/mL at all time points in the HCT 116 cell line (Figure 4). In the A549 cell line,
GdENSs decreased cell viability by 21% (p<0.05) at 25 pg/mL at all time points and by 35% (p<0.05)
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at 24 hours at all concentrations. At 100 and 250 ug/mL, the cell viability increased (Figure 5). The
findings obtained from both other plant-derived nanovesicles and Gundelia tournefortii studies are in
agreement with our findings. However, we think that GAENs may not exhibit a cytotoxic effect at low
concentrations in HCT 116 cells but may show cytotoxic effects at higher concentrations.
Furthermore, we would like to point out that we did not have the opportunity to evaluate the apoptotic
effects of nanovesicles on cancer cells with electron microscope images to support our results, which

is a limitation of our study.

5. Conclusion

From our study, it was concluded that nanoparticles isolated for the first time from G. dersim can be
evaluated as exosome-like nanoparticles in terms of size, morphology and protein content. In addition,
this study showed that GdENs can exhibit a cross-kingdom communication and have an
anticarcinogenic potential, given their cytotoxic effects on cancer cells at certain concentrations and at
certain time periods. If our results are supported by more comprehensive studies (electron microscope
images, apoptotic effects etc.) GAENs as a natural agent may become the focus of interest of drug

researchers in the near future as promising new-generation therapeutics.
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