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BACKGROUND /AIMS
The aim of this study was to investigate the proapoptotic activity of Thymus capitatus essential oil in either colon cancer stem (CDI33+
Colo-320) or nonstem (CDI33- Colo-320) cells.

MATERIAL and METHODS

T. capitatus essential oil was obtained by water distillation and analyzed by GC-MS. Cancer stem cells (CDI33+ Colo-320) were
obtained from the Colo-320 cells by the MiniMACS system. Proapoptotic activity of T. capitatus essential oil was investigated by immu-
nocytochemistry using antibodies directed against caspase-3 and terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay.

RESULTS
Caspase-3 immunoreactivity was significantly increased in 0.5% dilution T. capitatus essential oil-treated Colo-320 cells for 48 hours.
Moreover, the number of TUNEL positive cells was significantly higher in Colo-320 cells when compared with CDI334 and CDI33- Colo-
320 cells.

CONCLUSION

We conclude that T. capitatus essential oil increases caspase-3 molecules, which play a crucial role in apoptosis. Interestingly, T. capita-
fus essential oil is found fo be more effective in Colo-320 cells than CDI33+ Colo-320 and CDI33- Colo-320 cells in tferms of apoptosis.
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INTRODUCTION

Colorectal cancer is the fourth leading cause of cancer-associated mortality and composed of heterogeneous cell popu-
lations. Metastasis and disease relapse are the critical challenges in the management of colorectal cancer. The cancer
stem cells are a group of tumor cells with self-renewal characteristics and multidirectional differentiation potential. Also,
they are closely related to tfumor metastasis, recurrence after primary treatment, and drug resistance in colorectal
cancer.! Colorectal cancer stem cells have surface markers that are used for identification such as CDI33. CDI33, a trans-
membrane glycoprotein, containing colorectal cancer cells (CDI33+) is resistant to radio- and chemotherapy and associ-
ated with fumor size.

Apoptosis is a cell suicide pathway for normal cell turnover, managing stress and maintaining tissue homeostasis. The
intrinsic (mitochondrial) and extrinsic (death receptor) pathways are important apoptotic pathways. Caspase-3 cleav-
age is stimulated by both apoptotic pathways. The caspase-3 activation results in inducing DNA fragmentation, cytos-
keletal and nuclear proteins degradation, formation of apoptotic bodies, and finally, uptake by phagocytic cells.
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Apoptosis is a safeguard mechanism against tumorigenesis.®

However, cancer cells become resistant to apoptosis as a
result of epigenetic variations and mutations in genes that con-
trol mitosis such as adenomatous polyposis coli (APC6) and
P53 in colorectal cancer.' In particular, deregulations of apopto-
tic pathways are shown in colorectal cancer stem cells that are
resistant to cancer therapies. In recent years, several research-
ers have focused on drug discovery and combination therapy
that are specific for genetic mutations and selective induction
of apoptosis in colorectal cancer. The crucial roles of several
plant products such as oils, gums, alkaloids, flavonoids, biomo-
lecules in inhibiting cancer cell activating proteins, enzymes,
and signaling pathways with their less toxic effect in adjuvant
cancer therapy have been shown in extensive research.* For
example, essential oil from Libyan Thymus capitatus indicated
cytotoxicity activities against human cell lines such as MRC-5,
HCT 116, and HT-29.°

T. capitatus is a species of the genus of Lamiaceae, which con-
tains over 300 species of hardy perennial herbaceous plants. It
is a native species in the Mediterranean region.® Also, T. capi-
tatus is economically the most important genera employed by
the cosmetic and fragrance industries. In traditional medicine,
thyme tea is consumed against gastro-intestinal disorders, and
its essential oil is also used for expelling intestinal parasites.”
Previous studies have shown that T. capitatus essential oil has
antiseptic, antioxidant, and also antimicrobial properﬁes.s's’”
T. capitatus has a potential thymol (62.3%) source, thymol che-
motype according to the previous results.? T. capitatus essen-
tial oil has a variety of different biological activities. In
particular, the anticancer effects of thymol are known, while
the antioxidant, anti-inflammatory /immunomodulatory, and
antigenotoxicity properties have also been shown.”

There are only a few studies associated with the cytotoxic
activities of T. capitatus essential cil>* To the best of our
knowledge, no work has been carried out on the effects of T.
capitatus essential oil on colon cancer with in vitro and in vivo
studies. The specific effects of T. capitatus essential oil with
respect to proapoptotic signaling pathway molecules in both
colon carcinoma cells and colon cancer stem cells remain
undefined. The aims of this study were: (i) fo compare the
effects of different dilutions of T. capitatus essential oil with
respect to their proapoptotic activities in Colo-320, CDI33+,
and CDI33- Colo-320 cells and (ii) to determine the proapop-

Main Points

e In this study, our results showed that Thymus capitatus
essential oil from Northern Cyprus stimulated apoptosis
in primary human colon adenocarcinoma cell line (Colo-
320).

e It was found that CDI33+ Colo-320 cells (cancer stem
cells) may be have resistance to Thymus capitatus essen-
tial oil. However, apoptosis was stimulated in Colo-320
cells which include both CDI33+ Colo-320 and CDI33-
Colo-320 cells.

e Interestingly, apoptosis was stimulated in %0.5 dilution
Thymus capitatus essential oil treated Colo-320 cells. %l
and %2 dilutions of essential oil were not showed effec-
tive proapoptotic properties.
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Figure I. Colo-320 cells imaged under the inverfed microscope.

Scale bar =200 pm.

totic effects of T. capitatus essential oil via caspase-3 expres-
sion in Colo-320, CDI33+, and CDI33- Colo-320 cells.

MATERIAL and METHODS

The plant materials, isolation of the essential oil, and GC/MS
analysis in this study are in parallel with those used in previous
studies.”

Cell Line and Cell Culture

In this study, primary human colon adenocarcinoma cell line
(Colo-320 (ATCC: CCL220)) was used, and cells were main-
tained in RPMI 1640 containing 10% fetal bovine serum (Capri-
corn Scientific, FBS-HI-IIB), 1% L-glutamine (Capricorn Scientific,
GLN-B), and 1% penicillin-streptomycin (Capricorn Scientific,
PS-B) (Figure 1). Cells were cultured in a humidified atmosphere
at 37°C and 5% CO, culture condition. Cells subcultured when
they reached 70-80% confluency.

Isolation of CDI33+ Cells with Inmunomagnetic System
Primary human colon adenocarcinoma (Colo-320) CDI33+
cancer stem cells were separated from Colo-320 cells using a
MiniMACS system (Miltenyi Biotec, Germany). Buffer (Miltenyi
Biotec, Germany, 130-100-857) was used for the preparation of
Colo-320 cells (2 x 10 cells/mL) suspension. Then, FcR blocking
reagent (Miltenyi Biotec, Germany, 130-100-857) was added.
Cells were incubated in stirring on ice for 30min after
antibody-labeled CDI33 microbeads (Miltenyi Biotec, Germany,
130-100-857) adding. Cells washed with buffer and centrifuged
for 10 min. Resuspension of cells was performed using buffer
after the removal of supernatant. Magnetic field was used for
magnetic separation. Column was washed using buffer, and
then the CDI33 cells were collected in a tube. The column was
took out from the magnetic field and washed with buffer fo col-
lect the CDI33+ Colo-320 cells in another tube. The cells were
centrifuged for |0 minutes, and then the buffer was removed.
CDI33+ and CDI33- Colo-320 cells were transferred into a flask
and cultured separately.

Cultivation of Cells with T. capitatus Essential Oil

According to their types, cells were disunited into three groups.
Colo-320, CDI33+ Colo-320, and CDI33- Colo-320 cells were
our study groups. Also, three cell groups were divided into
three subgroups and incubated for 48 hours. These were 0.5%
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Figure 2. Colo-320 CDI33+ cells (A), and CDI33- cells (B) achieved from Colo-320 cell line by MiniMACS. Scale bars = 10 pm.

of T. capitatus essential oil treated cell group, 1% T. capitatus
essential oil treated cell group, and 2% T. capitatus essential oil
cell group.

Immunocytochemistry

To evaluate cell responses to T. capitatus essential oil,
caspase-3 (sc-7272, Santa Cruz Biotechnology, Inc, USA) distri-
bution on the Colo-320, CDI33+ and CDI33- Colo-320 cells was
analyzed using previously described indirect immunoperoxi-
dase staining protocol.”®

H-SCORE was used for graded semi-quantitatively graded of
caspase-3 staining. In H-SCORE = Zu (i + 1) formulg, i is the
intensity of dyeing with a value of |, 2, or 3 (mild, moderate, or
strong, respectively). 11 is the percentage of cells stained
(between 0 and 100%) with each intensity.

TUNEL Assay

To detect the apoptotic DNA fragmentation, the TUNEL (termi-
nal deoxynucleotidyl transferase dUTP nick end labeling) assay
was used. TUNEL assay was performed as described
previously.”

Statistical Analysis

The data were expressed as mean = standard deviation (SD).
The GraphPad Prism 7 software was used for analysis, and
group differences were analyzed using the Kruskal-Wallis test.
The differences in the mean values of contfinuous variables in
the three genotype subgroups were confirmed by a post hoc
Dunn test. A P < .05 was regarded as statistically significant.

RESULTS

The Immunohistochemical Stain Analysis of CDI33+ Colo-320
and CDI33- Colo-320 Cells

The CDI33+ cells (cancer stem cells) were achieved from the
Colo-320 cells using the MiniMACS system. Immunocytochemi-
cal characterization of CDI33+, cancer stem cells, was per-
formed using CDI33 antibody cell labeling. After
immunostaining, the CDI334 cells percentage was 888
(Figure 2A), and the CDI33+ cells intensity was higher than the
CDI33- cells (Figure 2).

Immunohistochemical Evaluation
Strong caspase-3 immunostaining was detected in 0.5% T. capita-
fus essential oil-treated Colo-320 cells (Figure 3A). Caspase-3

H-SCORE was significantly higher in 0.5% T. capitatus essential oil-
treated Colo-320 cells than 2% T. capitatus essential oil-treated
Colo-320 cells (P= 0012, Table I). According to the H-SCORE anal-
ysis, caspase-3 immunoreactivity was significantly higherin 0.5% T.
capitatus essential oil-treated Colo-320 cells (Figure 3A) than
CDI33+ Colo-320 cells (Figure 3D) (P= 017, Table I).

Additionally, the immunoreactivity of caspase-3 was weak in
05% T. capitatus essential oil-treated CDI33- Colo-320 cells
(Figure 3G). The H-SCORE value of caspase-3 was significantly
lower in 0.5% T. capitatus essential oil-treated CDI33- Colo-320
cells in comparison to 0.5% T. capitatus essential oil-treated
Colo-320 cells (P < .048, Table ).

The immunostaining intensity of caspase-3 was moderate in
0.5%, 1%, and 2% dilution of T. capitatus essential oil-treated
CDI33+ Colo-320 and CDI33- Colo-320 cells (Figure 3D-F and
3G-1). The immunoreactivity for caspase-3 was similar in all T,
capitatus essential oil-treated CDI33+ Colo-320 and CDI33-
Colo-320 cells (P < .05, Table ).

TUNEL Assay

A TUNEL assay was used in Colo-320, CDI33+ Colo-320, and
CDI33- Colo-320 cells. All cells were incubated with 0.5%, 1%,
and 2% T. capitatus essential oil for 48 hours. In Colo-320 cells
treated with 2% T. capitatus essential oil, the number of TUNEL
positive cells was significantly lower than 05% T. capitatus
essential oil-treated Colo-320 cells and 1% T. capitatus essential
oil-treated Colo-320 cells, respectively (P = .018, Figure 4A and
C, Table 2 and P = .023, Figure 4A and B, Table 2, respectively).
Moreover, the number of TUNEL positive cells was highly sig-
nificant in 0.5% T. capitatus essential oil-treated CDI33+ Colo-
320 cells when compared with 2% T. capitatus essential oil-
treated CDI33+ Colo-320 cells (P < .023, Figure 4D and F,
Table 2).

DISCUSSION

Globally, colorectal cancer is one of the common reasons of
morbidity and mortality. Drug resistance, tumor metastasis, and
recurrence after primary treatment are related fo cancer stem
cells in colorectal cancer. Radiotherapy and chemotherapy
may relieve solid tumors, but they cannot kill cancer stem cells.
In recent years, scientists have been focused on alternative
therapies that target and effectively kill cancer stem cells.?
Among the alternative approaches, varied plant products such
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2% dilution

Figure 3. Immunoreactivity of caspase-3 in 0.5%, |% and 2% Thymus capitatus essential oil freated Colo-320 (A, B, C), CDI33+Colo320 (D, E, F) and

CDI33-Col0-320 (G, H, I) cells for 48 h. Scale bars = 10 pm.

Table I. The H-SCORE Values for Caspase-3 in Colo-320, CDI33+ Colo320, and CDI33- Colo-320 Cells Treated with Thymus capitatus Essential
Oil at 0.5%, |%, and 2% Dilution for 48 hours

Colo-320 Cells CDI33+ Colo-320 Cells CDI33- Colo-320 Cells
0.5% dilution 257.4 & 5.49%t+ 150.8 =+ 19.73 161.8 = 11.84
1% dilution 233.4 * 5655 124.6 + 5.678 1382 = 16.68
2% dilution 161.8 = 34.45 1295 + 17.93 1492 + 2117

*The data were significant when compared with 2% T. capifatus essential oil-treated Colo-320 cells (P = .0012).
TThe data were significant when compared with 0.5% T. capitatus essential oil-treated CDI33+ Colo-320 cells (P = .017).
*The data were significant when compared with 0.5% T. capitatus essential oil-treated CDI33-Colo-320 cells (P = .048).

as essential oils have demonstrated anticancer properties.
Also, essential oils have been shown to improve the life quality
of the cancer patients by lowering the side effects."

Thymol is a natural monoterpene phenol derivative of cymene
and a major component of the T. capitatus essential oil from
Northern Cyprus. From the different experimental model study
reports, thymol has been reported to exert anticancer activities
through different mechanisms including inducing apoptosis,
depolarizing mitochondrial membrane potential, and activating
the proapoptotic caspase proteins.®° To date, only the cyto-
toxic and antimicrobial activities of the T. capitatus essential oil
from Northern Cyprus have been reported, which is rich in
thymol.?®?' No study has investigated the effects of T. capitatus
essential oil from Northern Cyprus with respect to its proapop-
totic effects in Colo-320, CDI33+ Colo-320, and CDI33- Colo-
320 cells. We showed that 0.5% of the T. capitatus essential oil
is highly effective in activating the apoptosis in Colo-320 and
CDI33+ Colo-320 cells.

Apoptotic signaling is important for maintaining balance
between cell death and cell survival, and also the evasion of
apoptosis is a prominent hallmark of cancer. Apoptosis is con-
trolled by extrinsic and intrinsic mitochondrial pathways. Both
pathways converge at caspase-3, an executioner caspase,
which can elicit apoptosis, while caspase-3 is a crucial marker
of apoptosis. Significant attention has been paid to developing
varied experimental anticancer drugs that can target and mod-
ulate apoptotic pathways in recent years.? Specifically, essen-
tial oils containing thymol have been reported to exert
antficancer activities through different mechanisms such as
inducing apoptosis and activating the proapoptotic proteins.
Moreover, recent studies have reported that thymol stimulates
apoptotic cell death via extrinsic and intrinsic mitochondrial
pathways in different cancer cells®2%* In our study, we
showed that the immunoreactivity of caspase-3 was signifi-
cantly higher in 0.5% diluted T. capitatus essential oil-treated
Colo-320 cells than CDI33+ Colo-320 and CDI33- Colo-320
cells. In addition, the caspase-3 immunoreactivity was higher in
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Figure 4. Evaluation of TUNEL staining in 0.5%, |% and 2% Thymus capitatus essential oil treated Colo-320 (A, B, C), CDI33+Colo320 (D, E, F) and

CDI33-Colo-320 (G, H, I) cells for 48 h (Scale bars = 10 um).

Table 2. The Percentage of TUNEL Positive Colo-320, CDI33+ Colo-320, and CDI33- Colo-320 Cells Treated with 0.5%, 1% and 2% Dilution of T.
capitatus Essential Oil for 48 hours

Colo-320 Cells CDI33-+ Colo-320 Cells CDI33- Colo-320 Cells
0.5% dilution 972 + 2.6l 19.7 = 7.18* 13.4 + 498
1% dilution 969 + 424 10.98 = 427 19 = 7.4l
2% dilution 4897 = 12.391+ 779 + 187 12 +273

Data are expressed as means + SD and were compared by the Kruskal-Wallis test.

*The data were significant when compared with 2% T. capitfatus essential oil-treated CDI33+ Colo-320 cells (P = .023).
The data were significant when compared with 0.5% T. capitatus essential oil-treated Colo-320 cells (P = .018).

*The data were significant when compared with 1% T. capitatus essential oil-treated Colo-320 cells (P = .023).

CDI33+ Colo-320 cells than CDI33-320 cells. Therefore, primary
human colon adenocarcinoma cells treated with 0.5% diluted T.
capitatus essential oil might be more effective on cancer stem
cells. Additionally, the caspase-3 immunoreactivity was signifi-
cantly higher in 0.5% diluted T. capitatus essential oil-treated
Colo-320 cells than 2% diluted T. capitatus essential oil-treated
Colo-320 cells. This result indicates that CDI33- Colo320 cells
may have resistance to T. capitatus essential oil in the stimula-
tion of apoptosis because of nonseparated Colo-320 cells. We
speculate that the high amount of the thymol in T. capitatus
essential oil may be the main reason for the caspase-3 immu-
noreactivity upregulation in both Colo-320 cells that exerted
anticancer properties. Moreover, we found that 0.5% diluted T.
capitatus essential oil was more effective than other dilutions
of essential oil in apoptosis stimulation in all cell types.

The TUNEL assay is used to detect apoptosis and imply a speci-
ficity for apoptosis® In line with the caspase-3 results, our
TUNEL assay results showed that T. capitatus essential oil was
more effective in Colo-320 cells than CDI33+ Colo-320 and

CDI33~ Colo-320 cells. TUNEL positive cells were significantly
higher in 2% and 1% diluted T. capitatus essential oil-treated
Colo-320 cells than 0.5% diluted T. capitatus essential oil-treated
Colo-320 cells. Also, the TUNEL positive cell number was signifi-
cantly higher in 0.5% diluted T. capitatus essential oil-treated
CDI334 Colo-320 cells compared to 2% diluted T. capitatus
essential oil-treated CDI33+ Colo-320 cells. The meaning of the
TUNEL positive cells is that they were triggered to cell death
with different pathways, which were controlling either apoptosis
or necrosis or necroptosis or other types of the cell death. How-
ever, the level of the caspase-3 was indicated fo apoptotic cells
death. Therefore, our results indicated that T. capitatus essential
oil is more effective in both Colo-320 cells and CDI33+ Colo-320
cellsin terms of apoptotic DNA fragmentation.

In conclusion, we have demonstrated the proapoptotic and
anticancer effects of T. capitatus essential oil in Colo-320,
CDI33+ Colo-320, and CDI33- Colo-320 primary colon adeno-
carcinoma cell lines using various dilutions. Also, we compared
the proapoptotic effects of three different dilutions of the T.
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capitatus essential oil in Colo-320, CDI334+ Colo-320, and
CDI33- Colo-320 cells. Interestingly, 0.5% dilution of the T. capi-
tatus essential oil elevated caspase-3 intensity and TUNEL
positive cell number in Colo-320 cells. In order to verify the
main proapoptotic and anticancer activities of T. capitatus
essential oil on colon cancer cells, further assessment with dif-
ferent multiple signaling pathway molecules that include all
possible apoptosis and cancer progression mechanisms is
necessary.
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