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Abstract: Chalcones, as a large group of organic compounds, are widely implemented in various types of anti-
cancer therapeutics. These plant metabolites are present in fruits, vegetables, spices, and have anti-tumor, anti-
inflammation, immunomodulation, antibacterial and anti-oxidative activities, as well as many other pharmaco-
logical and biological effects. The aim of the present study was to investigate cytotoxic effects, type of cell
death and mechanism of action of the newly synthesized vanillin based chalcone analogs, (CH1) and (CH2) on
human colon cancer HCT-116 and noncancerous (control) MRC-5 cell lines. In order to compare the effects of
vanillin based chalcone analogs on investigated cell lines, as reference substances cisplatin (cisPt) and dehy-
drozingerone (DHZ) were used. Investigation of antitumor effect of chalcone analogs on HCT-116 cells was
carried out by three methods MTT assay, flow cytometry and immunofluorescence analysis. The result of our
investigation indicated that newly synthesized vanillin based chalcone analogs expressed powerful antitumor
effect on cancer cells (HCT-116 cell line), while their effect on healthy cells (MRC-5 cell line) was not statis-
tically significant. Vanillin based chalcone analogs caused overexpression and activation of mitochondrial Bax
protein and caspase-3 in HCT-116 cells, indicating that their mechanism of antitumor action was mediated
through activation of the inner apoptotic pathway. These results indicate possible usefulness of CH1 and CH2
in antitumor therapy whether through its direct cytotoxic effect or as adjuvant therapy. Our results indicate pos-
sible usefulness of CH1 and CH2 vanillin based chalcone analogs in antitumor therapy.
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Colorectal cancer (CRC) is the third most com-
mon malignancy worldwide. CRC represents 13% of
all malignant tumors and it may be expected to over-
come the mortality rate of patients with heart dis-
eases in the near future (1, 2). Approximately, one
half of the population in Western countries develops
a colorectal tumor by the age of 70 (3, 4). However,
this type of cancer is more frequent among younger
population, due to obesity, bad nutritional habits,
smoking and lack of physical activity (5). Colorectal
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cancer develops as a polyp or adenoma in the intes-
tinal mucosa. Malignant transformation of benign
changes depends on its size and histological presen-
tation (1). In previous years, the survival rate of
patients with metastatic colorectal cancer increased
significantly due to the development and the applica-
tion of new chemotherapy regimens (6).

There are several types of cell deaths, of which
two are the main types: apoptosis and necrosis.
Apoptosis, a programmed cell death, is character-
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ized as nuclear condensation and fragmentation,
cleavage of chromosomal DNA into internucleoso-
mal fragments and formation of apoptotic bodies
without plasma membrane breakdown (7). In con-
trast to apoptosis, necrosis is characterized morpho-
logically with vacuolation of the cytoplasm, break-
down of the plasma membrane and induction of
inflammation around the dying cell attributable to
the release of cellular contents and pro-inflammato-
ry molecules. Unlike these two types of cell death,
autophagy is classified as a distinct form of non-
apoptotic cell death. A crucial event in autophagy
represents formation of autophagosome followed
with the lysosome fusion and degradation of its con-
tent (7).

Chalcones are precursors of flavonoid biosyn-
thesis that can be isolated from the plants or pre-
pared synthetically by condensing aryl ketones with
aromatic aldehydes in the presence of different con-
densing agents (8). According to their chemical
structure, chalcones are o, f — unsaturated ketones
with the one aromatic ring bonded to the carbonyl
group and another aromatic ring bonded to the olefin
group. All analogs and derivatives of chalcones, in
their chemical structure, contain o, 3 — unsaturated
carbonyl group. It has been shown that by incorpo-
rating o, 3 — unsaturated carbonyl group into a cer-
tain molecular structure augments the anticancer
properties of the secondary natural products. For
example, Heller et al. reported that the combination
of o, B — unsaturated carbonyl sequence significant-
ly increased the anticancer activity of triter-
penoicacids compounds (9). Due to this, chalcones
(as well as their derivatives and analogs) showed
powerful biological activity, including the efficient
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Figure 1. Structures of tested chalcone analogs.

anti-tumor (10-12), anti-inflammatory (13, 14), and
anti-oxidant (15-17) activities.

Here for the first time, we have investigated
the antitumor effect of vanillin based chalcone
analogs (E)-1-(4-hydroxy-3-methoxyphenyl)-5-
methylhex-1-en-3-one, (CH1) and (E)-1-(4-(benzyl-
oxy)-3-methoxyphenyl)-5-methylhex-1-en-3-one
(CH2) (Fig. 1) on human colorectal carcinoma cell
line (HCT-116) and healthy MRC-5 cell line. CH1
and CH2 were previously synthesized by Muskinja
et al. (18) and their antibacterial and antifungal
activity was confirmed. As referent substances, we
used cisplatin (cisPt) for which it was shown to
exhibit an effective antitumor effect on different
cancer cell lines (19, 20) and dehydrozingerone
(DHZ) (21-23) which chemical structure is most
similar with chemical structure of our investigated
chalcones.

EXPERIMENTAL

Cell culture, reagents and compounds

Human colorectal carcinoma (HCT-116) and
human fibroblast lung cell line (MRC-5) were
obtained from the American Type Culture
Collection (ATCC® CCL-247™ and ATCC®
CCL-171). The cells were maintained in complete
DMEM (Dulbecco’s Modified Eagle’s medium,
Sigma Aldrich D5671) supplemented with 10% fetal
bovine serum (FBS, Sigma-Aldrich, F7524), 100
U/mL penicillin, 100 pg/mL streptomycin (both
from Roche, 11074440001), and 1% non-essential
amino acid (Sigma-Aldrich, M7145) in a humidified
atmosphere of 5% CO,. Two synthesized vanillin
based chalcone analogs and dehydrozingerone
(DHZ) were a gift from the Faculty of Chemistry;
University of Kragujevac; cisplatin (cisPt) was pur-
chased from Calbiochem (CAS 15663-27-1). All
tested substances were dissolved in DMSO (Sigma
Chemical, ST. Lois, Mo) (total DMSO concentra-
tion of 0.5%). Tested concentrations for CHI and
CH2 were 0.1, 1, 3, 10, 30, 100 and 300 pM, while
for referent substances investigated concentrations
were 3, 10, 30 and 100 pM. Chloroquine (CQ) was
obtained from Sigma Aldrich (C6628) and dissolved
in ultrapure water at a concentration of 20 pM.

MTT assay

In order to estimate the cytotoxicity of all
investigated substances (CH1, CH2, DHZ, and
cisPt) on both experimental and control groups of
cells, MTT assay was performed during 24 and 48 h
incubation period. The cells were harvested from the
culture flasks, counted, and 5 x 10°cells/well were
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seeded into 96-well plates and incubated for 24 h.
After incubation, HCT-166 and MRC-5 cells were
treated with different concentrations of CH1, CH2
and referent substances and control cells were sup-
plemented with complete growth medium. After 24
and 48 h treatment medium was removed and MTT
solution (5 mg/mL) was added to the wells. After
incubation, formazan crystals were solubilized using
100% dimethyl sulfoxide (DMSO). Optical density
was measured at 595 nm using the microplate read-
er (Zenyth 3100, Anthos Labtec Instruments). The
1C,, values for all tested substances were calculated
using Microsoft Office Excel 2010. The percentage
of cytotoxic cells was calculated using the formula:
Cytotoxicity (%) = (1 — (exp. group (ABS))/ (control
group (ABS)) x 100).

Determination of apoptosis by flow cytometry
Annexin V-FITC/7-AAD staining

Type of cell death induced with investigated
substances was determined with Annexin V-
FITC/7-AAD (cat. no 556547) (7-amino-actinomy-
cin-D) staining using flow cytometry. HCT-116
cells were seeded in 24-well plate (1 x 10°cells/well)
and treated with IC,, values for all investigated sub-
stances during the 48 h period. In order to examine
the effect of autophagy on the percentage of apop-
totic cells, previous treatment with 20 pL CQ was
performed in experimental and control group of the
cells. At the end of incubation period, cells were col-
lected and washed 3 times with PBS, resuspended in
100 pL of ice-cold 1x binding buffer, stained with
10 pL of Annexin V-FITC and 20 pL of 7-AAD and
incubated in the dark for 15 min at +4°C. Finally,
400 pL binding buffer was added and the cells were
analyzed by flow cytometer Cytomics FC500
(Beckman Coulter, USA). Data were analyzed using
Flowing Software 2 and presented by dot plots.

Flow cytometry analysis of apoptosis-related pro-
teins

In order to confirm induction of apoptosis with
tested substances, we have determined changes in
the expression levels of pro-apoptotic active Bax
protein and percentage of cells containing cleaved,
active caspase-3 as well. HCT-116 cells were treat-
ed with ICs, values of CH1 and CH2 or incubated in
complete growth media (control) for 24 h. Treated
and untreated HCT-116 cells were washed with
PBS, fixed, permeabilized (using Fixation and
Permeabilization Kit, eBioscience) and stained sep-
arately for Bax and cleaved-caspase-3. The perme-
abilized cells were incubated with primary antibod-
ies: anti-Bax (1 : 500) (N20, sc-493, Santa Cruz

Biotech. Inc) and anti-cleaved caspase-3 antibody
(1 :500) (#9661, Cell signaling Technology, USA)
for 30 min at room temperature. After incubation
cells were washed and incubated with secondary 1 :
1000 Alexa 488-conjugated antibody (11001,
Invitrogen, USA) for 15 min. Following, cells were
washed with PBS and analyzed by flow cytometry.
Data were analyzed using Flowing Software 2. The
expression Bax and active caspase-3 were evaluated
as mean fluorescence intensity (MFI).

Autophagy detection by flow cytometry

HCT-116 cells were seeded in 24-well plate
(1 x 10° cells/well) and treated for 24 h with ICs,
values for all investigated substances. After incubat-
ed AO (acridine orange, 1pg/mL) was added to the
wells. After 15 min of incubation autophagy was
detected by flow cytometry. Data were analyzed
using Flowing Software 2.

Immunofluorescence analysis

The HCT-116 cells were seeded on sterile
glass coverslips and incubated for 24 h with ICs, val-
ues of CH1 and CH2. After incubation, cells were
fixed in 4% paraformaldehyde for 30 min at room
temperature. After permeabilization with 0.2%
Tween 20 in PBS, cells were blocked in 0.1%
Tween 20 in PBS (blocking buffer) for 30 min and
then incubated with primary antibody (1 : 100 anti-
caspase-3, 1 : 100 active anti-Bax and 1 : 100 anti-
B-actin). After 1 h, cells were washed in PBS and a
secondary antibody (1 : 200 Alexa 594, (gift from
Dr. Ljubica Ivanisevié, Ottawa, Canada) was added.
After 30 min of incubation in the dark, immunoflu-
orescence images were acquired on invert micro-
scope Olympus BX51. Fluorescence intensity was
measured using ImageJ software.

Morphological analysis

Observation of morphological changes of
HCT-116 treated and control cells was performed
using a phase-contrast microscope (Boeco, BM19,
Germany) at 100x magnification. HCT-116 cells
were seeded in 24 well plates and incubated for 24
h. After 48 h treatment with or without selected
compounds (CH1, CH2, DHZ, and cisPt; concentra-
tions of 3, 10, 30 and 100 pM), morphological
changes of both control and treated HCT-116 cells
were visualized and compared under phase-contrast
microscopy.

Statistical analysis
The data are presented as the mean * standard
deviation for at least three repeated individual
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experiments for each group. Commercial SPSS ver-
sion 20.0 was used for statistical analysis. The dis-
tributions of data were evaluated for normality using
the Shapiro-Wilk test. Depending on data distribu-
tion statistical evaluation was performed by
Student’s t-test for paired observations.

RESULTS

Two of the new vanillin based chalcone
analogs were synthesized in very good yields
according to the procedures earlier described (18).
Compound (CH1) was prepared by Claisen-Schmidt
condensation of natural product vanillin and 4-
methylpentan-2-one. Alkylation of free phenolic
group in CHI, CH2 of O-alkyl derivative was
obtained. The biological activity of chalcones was
than evaluated against the colon cancer cell line
HCT-116 and non-cancer human fibroblast cell line
MRC-5. The first purpose of our study was to exam-
ine the cytotoxic effect of two chalcones analogs
and compare them to the cytotoxic effect of referent
substances (cisPt and DHZ) after 24 and 48 h treat-
ment using 3-(4,5-dimethylthiazol-2-yl)-2,5-di
phenyl tetrazolium bromide (MTT) assay (Figs. 2
and 3). Also, one of the first aims was to evaluate the
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cytotoxic effect of chalcone analogs on noncancer
human fibroblast cell line MRC-5 (Fig. 3). The first
results indicated that hydroxyl (CH1) and benzyloxy
group (CH2) on the aromatic ring of these chalcones
resulted in different cytotoxic effect after 24 h and
48 h of treatment (Figs. 2A and B). MTT results
showed that CH1 analog exhibited stronger cytotox-
ic effect compared to CH2 analog. In the case of the
lowest applied dose (0.3 uM), CH1 analog resulted
in 11.77%, while CH2 had 0.32% of cytotoxic HCT-
116 cells during 24 h treatment. The highest applied
dose (300 uM) of chalcone analogs resulted in
60.27% (CH1) and 46.30% (CH2) of cytotoxic
HCT-116 cells during 24 h treatment. The lowest
dose of chalcone analogs used during the 48 h period
resulted in 47.55% (CH1) and 13.27% (CH2); while
the highest applied dose resulted in 82.29% (CH1)
and 50.06% (CH3) of cytotoxic HCT-116 cells.

After we have determined the cytotoxic effect
of chalcone analogs our next aim was to compare
their cytotoxic effect to the cytotoxic effect of the
reference substances (cisPt and DHZ) (Fig. 3) on
HCT-116 and noncancerous MRC-5 cell line during
24 and 48 h.

Our results clearly showed that all investigated
substances caused a significant increase in the per-
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Figure 2. The cytotoxic effects of the various concentrations of CH1 and CH2 on HCT-116 cells after 24 h (A) and 48 h (B) of treatments.
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Figure 3. Comparison of the cytotoxic effects of CH1, CH2 and referent substances (cisPt and DHZ) on HCT-116 and MRC-5 cells after
24 h (A) and 48 h (B) of treatments. Selective cytotoxic effect of CH1 and CH2 against cancer cells.
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Table 1. Cytotoxic activity (ICs, values (uM)) of chalcone analogs (CH1, CH2), cisplatin (cisPt) and dehydrozingerone (DHZ) against
HCT-116 human cancer cell line and noncancerous MRC-5 cell line after 24 and 48 h treatment.

IC,, CHI CH2 cisPt DHZ
HCT-116 24 h 6.85+0.71 794137 717 +£1.15 571+ 0.66
HCT-116 48 h 2.65 +0.87 6.76 +0.92 4.82 %145 2.85+0.69

MRC-5 24 h > 200 > 200 > 150 > 300
MRC-5 48 h > 200 >200 > 40 > 300

CH13uM

CH110pM

CH210pM

Figure 4. Changes of the HCT-116 cells morphology after 48 h treatment with all investigated substances (different concentrations of CHI,
CH2, cisPt, and DHZ). Both of CHI and CH2 induced morphological changes of the HCT-116 cells in a dose-dependent manner.
Morphological changes were in direct correlation with MTT results. Morphology of the treated HCT-116 cells was significantly impaired

compared to the untreated HCT-116 cells.

centage of cytotoxic HCT-116 cancer cells, while
there was no statistically significant cytotoxic effect
on healthy fibroblast cell line (MRC-5) during 24 h
and 48 h period (Fig. 3). The calculated ICs, values
for CHI, CH2, cisPt, and DHZ are presented in
Table 1. The calculated ICs, values clearly showed
that all investigated substances significantly
decreased HCT-116 cells viability in vitro in a dose-
dependent manner after 24 and 48 h of treatment.
After 24 h treatment, IC, values of all investigated
agents were similar (CH1 and CH2 with ICy, value
of 6.85 + 0.71, 7.9 £ 1.37, respectively; cisPt and
DHZ with IC,, value of 7.17 £ 1.15, 5.71 + 0.66
BM). 24 h treatment with all investigated substances
had high IC,;, values on noncancerous MRC-5 cell

line (IC, for CH1, CH2 was > 200 pM, DHZ > 300
pM and cisPt > 150 uM). 48 h treatment of HCT-116
cells lowered IC,, values for all investigated agents
(CH1 and CH2 2.65 + 0.87, 6.76 = 0.92, respective-
ly; cisPt and DHZ 4.82 £+ 1.4 and 2.85 *+ 0.69 pM).
However ICs, values for MRC-5 cell lines remained
high for 48 treatments (Table 1).

In order to assess alterations of cell morpholo-
gy subsequent to chalcone analog treatments,
HCT-116 cells were grown in 24 well plates.
Untreated, control HCT-116 cells were homoge-
neously distributed and adherent on the cultured
field with maintained original morphology form
observed by phase-contrast microscopy (Fig. 4). In
contrast, chalcone analog exposed HCT-116 cancer



62 JOVAN LUKOVIC et al.

cells, revealed typical apoptotic features such as cell
rounding, shrinkage and membrane blebbing with
adherence loss. Our results showed that the level of
HCT-116 morphological changes was dose-depen-
dent (Fig. 4). Thus, the concentration of investigat-
ed agents of 30 and 100 pM resulted in a complete
loss of cell morphology, as previously shown by the
results obtained by MTT assay.

According to the results obtained by MTT test
and morphological analysis, the next experiment

was performed in order to analyze the type of cell
death and quantify apoptotic cells. Flow cytometry
was used in order to measure Annexin V-FITC/7-
AAD stained cells which confirmed the induction
of apoptosis in human HCT-116 cell line with cal-
culated IC,, values for all investigated substances
(Fig. 5).

The type of cell death induced with all investi-
gated agents (CH1, CH2, cisPt, and DHZ) during
48 h resulted in a high percentage of early and late
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Figure 5. A) HCT-116 cancer cells were treated as indicated for 48 h, fixed in 70% ethanol, stained with 7-AAD (7-amino-actinomycin-
D) and analyzed by flow cytometry for apoptosis. Upper left square — necrosis (%); bottom right square — early apoptosis (%); upper right
square — late apoptosis. B) Summary of the apoptosis data in bar chart. Data are expressed as the mean * standard error of the mean (SEM)

from at least three independent experiments.
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Figure 6. The expression levels of active, mitochondrial Bax in HCT-116 cells after 24 h of treatment. Flow cytometry analysis of apop-
totic and nonapoptotic populations for active Bax in HCT-116 cells. Bar panel (A) indicates Bax activation as fold increase compared to
control. Histograms (B panel) show untreated (control) cells were primarily negative for active Bax; whereas treated cells with CH1 and
CH2 were positive for active Bax.
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Figure 7. The expression levels of cleaved caspase-3 HCT-116 cells after 24 h treatment. Flow cytometry analysis of apoptotic and non-
apoptotic populations for active caspase-3 in HCT-116 cells. Bar panel A indicates caspase-3 activation as fold increase compared to con-
trol cells. Histograms (B panel) show untreated (control) cells were primarily negative for the presence of active caspase-3; whereas treat-

ed cells with CH1 and CH2 were positive for active caspase-3.

anti-beta actin

24h

HCT 116

anti-active caspace-3

overlay

anti-beta actin
1% green signal

25.78

1867

cl CH1 CH2

anti-active caspace-3
1% red signal
17.65
12.58
294
Ctrl CHA1 CH2

Figure 8. HCT-116 cells were co-immunostained for actin (green) and active caspase-3 (red). Immunofluorescence microscopy was used
to confirm the expression levels of cleaved caspase-3 in HCT-116 cells after 24 h chalcone treatment.

apoptotic cells, while the percentage of necrotic
cells was negligible (Figs. SA and B). As expected
all investigated substances increased the number of
apoptotic cells. 4.29% of control HCT-116 cells
were in the early stage of apoptosis, whereas treated
HCT-116 cells exhibited statistically significant
increase of cells in the early stage of apoptosis
(CH1-45.38%; CH2-21.63%; cisPt-33.28 and DHZ-

17.72%). However, the percentage of the cells in the
late stage of apoptosis (CH1-14.70%; CH2-5.37%;
cisPt-5.95% and DHZ-3.60%) and the percentage of
necrotic cells (CH1-0.89%; CH2-0.32%; cisPt-
0.22% and DHZ-0.11%) didn’t show a significant
increase, respectively.

Our results presented in Figure 5 demonstrated
that both chalcone analogs stimulate human HCT-
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116 cells to initiate apoptosis as the main cell death
mechanism requiring caspase activity.

In order to capture adequate apoptotic signal
and changes in the expression levels of crucial apop-
totic proteins, our next experiments were directed
towards 24 h treatments. Since both chalcone ana-
logs showed significant cytotoxic and apoptotic
effects (total apoptosis, both early stage of apoptosis
and late stage of apoptosis) on HCT-116 cells, next
we have investigated their apoptotic mechanism by
analyzing the expression level of active Bax using
flow analysis (Fig. 6). In healthy cells, Bax is pre-
dominantly cytosolic protein. However, the induc-
tion of apoptotic stimuli induce changes in Bax con-
formation and converts Bax into pore-forming pro-
tein in the the outer mitochondrial membrane.
Formation of pores in outer mitochondrial mem-
brane causes release of cytochrome c, formation of
apoptosome and cleavage of procaspase-3. Our
results indicate that treatment of HCT-116 cells with
investigated chalcones caused overexpression of active,
mitochondrial Bax (CHI - 62.28 and CH2 - 56.24%)
compared to control cells (1.53%) (Figs. 6A and B).
This result indicated that chalcone analogs induced
translocation of cytosolic Bax, outer mitochondrial
membrane pore formation and complete disruption
of mitochondrial membrane integrity resulting in
cell death.

In order to further investigate the mechanism
of chalcone analog induced apoptosis in HCT-116
cells, we focused on the hypothesis that detection of
cleaved caspase-3 could be a good marker for chal-
cone induced apoptosis. HCT-116 treated and con-

7-AAD __

trol cells were labeled with the anti—cleaved cas-
pase-3 antibody and analyzed by flow cytometry.

Results indicated statistically significantly
higher expression level of cleaved caspase-3 in
treated HCT-116 cells compared to the control cells
(Fig. 7). The cells treated with CH1 analog showed
30 times fold increase of active caspase-3 (59.60%)
compared to the control cells (2.47%) and nearly 15
fold increase compared to the CH2 treated cells
(32.10%) (Fig. 7).

Consistent with the presence of caspase-3
activity in HCT-116 cells, the activation of cas-
pase-3 was also further detected and confirmed
using immunofluorescence staining against the
cleaved caspase-3 following 24 h chalcone treat-
ment (Fig. 8).

Under 24 h exposure to IC,, values of chalcone
analogs, HCT-116 cells stained positive for active
caspase-3 (CHI1 - 12.58 and CH2 - 17.65%), indi-
cating the progression of apoptosis in the treated cell
population compared to control cells (2.94%).

After determining the apoptotic effect of inves-
tigated substances, we examined whether autophagy
is involved in the cytotoxic effect of tested sub-
stances. Flow cytometry analysis of AO stained
cells showed that both substances significantly
increased percent of red/green cells indicating
induction of autophagy (Figs. 9A and B). To find
out the role of autophagy in apoptosis induced with
tested substances, cells were co-treated with CQ.
While inhibition of autophagy had no influence on
CH2- induced apoptosis, in CH1-treated cells resulted
in a decrease of Annexin V-positive cells (Figs. 9C
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Figure 9. Autophagy detection. Results of AO staining of treated and untreated (control) cells are presented by representative dot plots (A)
and graph (B). The results of Annexin V/7-AAD staining of control and treated cells co-incubated with autophagy inhibitor (CQ) are pre-
sented by representative dot plots (C) and graph (D). Graphs show mean + SD values from three independent experiments.
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and D), indicating that autophagy is involved in the
mechanism of the cytotoxic activity of CHI.

DISCUSSION AND CONCLUSION

Previous studies showed that different chal-
cones or their analogs exhibit a strong cytotoxic effect
on the HCT-116 cells. Results of the study performed
by Lima et al. indicate low ICs, values of chalcone on
HCT-116 cell line after 72 h of treatment (24). The
results of another study reported by Mohamed et al.
(25) show that ICs, values of chalcones incorporated
pyrazole moiety on HTC-116 cells were in the range
of 3.5 to 10.4 uM after 48 h of treatment. It should
also be noted that other chalcones exhibit lower cyto-
toxic effect in variety tumors (26, 27). In our previous
study (28) we have shown that one of the investigat-
ed chalcone analog, (E)-1-(4-ethoxy-3-Methoxy-
phenyl)-5-Methylhex-1-en-3-one showed a strong
cytotoxic effect on HeLa cell line with significantly
lower ICs, values compared to the values of cisplatin.
Saito et al. (10) showed that two different chalcones
derivate 19 and 26 had a strong antiproliferative
effect on different androgen-independent prostate
cancer cell lines LNCaP (DHT-), LNCaP (DHT+)
and (bPC-3 and DU145) with ICy, values from 3.74-
6.30 uM. However, evaluation of the antiproliferative
effect of these chalcones on A549, MDA-MB-231,
MCF-7, KB (originally isolated from epidermoid car-
cinoma of the nasopharynx) and KB-VIN (P-gp-over-
expressing MDR subline of KB) showed higher ICs,
values (10). The study conducted by Xu et al. (29)
showed that chalcone derivate L2H17 had growth
inhibitory effect on different colon cancer cell lines
(SW620, HCT-116 and CT26.WT). In another study
effect of chalcone derivate, derived from combined
moiety of millepachine and phenstatin was evaluated
on five different human cancer cell lines A549, Hel a,
HCT-116, A2780 and MGC803 (12). The results of
the antiproliferative activity assay showed that inves-
tigated hybrids exhibited better antiproliferative
activity compared to original compound millepa-
chine. In our study, for the first time, we have shown
that our newly synthesized vanillin based chalcone
analogs exhibited a strong antitumor on effect on col-
orectal cancer cells. In support of this, we demon-
strated that CH1 and CH2 induced apoptosis in colon
cancer cells and increased cytotoxicity of the HCT-
116 cell line at low pM concentrations. Also, we have
shown that our chalcones didn’t affect the cytotoxici-
ty of MRC-5 cells that were healthy non-cancerous
control.

Referent substances, cisPt and DHZ also exhib-
ited significant cytotoxic effect on HCT-116 cell line;

with high calculated IC;, values for healthy MRC-5
cell line. Similar results regarding the cytotoxic effect
of cisPt and DHZ were obtained in numeral studies.
Son et al. (30) showed that ICs, values for cisplatin
during 24 h treatment of HCT-116 cells were similar
to our calculated values. In another experimental
model, mouse colon-26 cell line (CT-26) showed
higher sensitivity to cisplatin with lower IC, values
(31). Dehydrozingerone based cyclopropyl deriva-
tives (21) expressed cytotoxic activity against (HeLa,
LS174 and A549) cells without significant cytotoxic
influence on noncancerous cell line (MRC-5).

In 2018 Nomenclature Committee on Cell
Death (NCCD) has formulated recommendations for
the definition of cell death morphotypes (7). For the
classification of cell death type different biochemi-
cal assays and morphological characteristics of the
dying cell were determined. The changes in the cell
morphology including cell shrinkage, attachment
loss, membrane blebbing, formation of apoptotic
bodies were defined as PCD (programmed cell
death), apoptosis (7). After we have determined the
cytotoxic effect of chalcone analogs, next we have
evaluated their effect on the morphology of HCT-
116 cells. Different literature sources indicated the
presence of morphological changes of the cell treat-
ed with chalcone derivate or their analogs. These
reported morphological changes of treated cells
were common to the type I of the cell death, apopto-
sis. Mielcke et al. (32) investigated the effects of
quinoxaline-derived chalcones on the viability of
human and rat (HN30 and SCC-158) oral squamous
cell carcinoma cell line (32). Their results indicated
that quinoxaline-derived chalcone had a strong cyto-
toxic effect with morphological changes that corre-
sponded to PCD (apoptosis). In our previous study
conducted by Lukovi¢ et al. (28) we have also
reported changes in the morphology of HeLa cell
line after chalcone analog treatment. Results of our
study indicated that chalcone analogs induced both
cytotoxic and morphological changes of cells which
were related to apoptotic changes (28).

In order to confirm chalcone induced apopto-
sis, determination of biochemical characteristics
along with cytotoxic effects and morphological
changes of treated cells is acquired. Annexin-V
staining of phosphatidylserine can be combined with
a dead cell dye such as PI or 7-AAD that stains the
DNA of cells with permeable membranes (33). The
results of our study indicate that our investigated
chalcone analogs induce apoptosis in HCT-116
treated cells. The literature data confirmed our find-
ings. In studies performed by a) de Vasconcelos et
al. (34) treatment of HT-29 cells with chalcone
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derivatives of 2-acetyl thiophene; b) treatment of
HeLa cells with chalcone analog (E)-1-(4-ethoxy-3-
methoxyphenyl)-5- methylhex-1-en-3-one (28) c)
treatment of H460 and H157 with (2’-hydroxy-
4°.5’-dimethoxychalcone) — HDMC (35) induced
apoptosis. We have also shown that apoptosis repre-
sents the main type of cell death of HCT-116 cells
after treatment with our chalcone analogs. Results
obtained from Annexin V-FITC/7-AAD assay
showed that both CH1 and CH2 induced apoptosis
with a high percentage of apoptotic and negligible
percent of necrotic cells.

In order to distinguish inner from outer apop-
totic pathway determination of expression levels of
crucial apoptotic proteins was required. In a study
performed by Zhou et al. authors reported that
diverse molecular targets were crucial for chalcones
varied bioactivities (36). Some chalcones displayed
marked antiproliferative effects, via apoptosis and
autophagy induction (32) others enhance TRAIL-
induced apoptosis (37) or ROS production (38) etc.
Numerous chalcones derivate mentioned in the pre-
vious section induced apoptosis via inner mitochon-
drial pathway through overexpression of Bax pro-
tein and active caspase-3 (28, 34, 35). Our results
indicated that chalcone analog treatment of HCT-
116 cells caused overexpression of active, mito-
chondrial pro-apoptotic Bax protein and active cas-
pase-3 compared to the control cells. To prove that
our chalcone analogs induced apoptosis in HCT-116
cells, we analyzed the expression level of active Bax
(Fig. 6) and the activity of caspase-3 (Figs. 7 and 8).
Our results have shown that both chalcones
increased the presence of activated caspase-3, main-
ly in the nucleus of HCT-116 cells, indicating cas-
pase-3 major role in the progression of apoptosis
(39) (Fig. 7). Overexpression of Bax (Fig. 6) and
active caspase-3 (Figs. 7 and 8) were detected using
the flow cytometry and immunofluorescence
method, respectively.

Numerous studies indicated the role of
autophagy in chalcone induced cell death. Chang et
al. (40) showed that chalcone flavokawain B (FKB)
induced autophagic-cell death via reactive oxygen
species (ROS) mediated signaling pathway in human
gastric cancer cells (AGS/NCI-N87/KATO-
III/TSGH9201). However, chalcones expressed dif-
ferent types of action. Zhao et al. (41) reported that
isobavachalcone induced apoptosis and autophagy-
related cell death in H929 myeloma cells. The
authors indicated that inhibition of autophagy with
chloroquine enhanced cell death and increased num-
ber of Annexin V-positive cells. In order to find out
the role of autophagy in apoptosis induced with our

chalcone analogs, HCT-116 cells were co-treated
with CQ (Fig. 9). Our results showed that both sub-
stances induced marked autophagy in HCT-116.
However, inhibition of autophagy in CH2-treated
cells didn’t affect apoptosis induction, thus indicat-
ing that autophagy is not involved in the cytotoxic
action of this compound. In contrast, in CH1-treated
cells, co-treatment with CQ resulted in a decrease in
the percentage of apoptotic cells pointing to
autophagy as one of the mechanisms that con-
tributed to the execution of cell death.

Our results indicate possible usefulness of CH1
and CH2 vanillin based chalcone analogs in antitu-
mor therapy.
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