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Abstract

Introduction: Colorectal cancer (CRC) is one of the -

most lethal human malignancies with a global alarming —
rate of incidence. The development of resistance against e

common chemotherapeutics such as 5-fluorouracil (5-
FU) remains a big burden for CRC therapy. Therefore,
we investigated the effects of melatonin on the
increasing 5-FU- mediated apoptosis and its underlying

Induction of
apoptosis in
tumor cells

mechanism in SW-480 CRC cell line.

Methods: The effects of melatonin and 5- FU, alone or in

combination, on cell proliferation were evaluated using | Wewem  Realime ros Apoplosis - Antioxidant
ot PCR measurement assay assay

an MTT assay. Further, Annexin-V Flow cytometry was XIAP colorimetric

o ) Survivin XIAP Apoptotic | Antioxidant
used for determining the effects of melatonin and 5-FU | 4%z ¥ s Tros T A Janioin

on the apoptosis of SW-480 cell lines. The expression | ¢ b
levels of Bax, Bcl-2, pro-caspase-3/activated caspase 3,
X-linked inhibitor of apoptosis proteins (XIAP), and
survivin were measured after 48 hours incubation with drugs. Cellular levels of reactive oxygen
species (ROS), catalase, superoxide dismutase and glutathione peroxidase were also evaluated.
Results: Melatonin and 5-FU significantly decreased the cell proliferation of SW-480 cells.
Combination of 5-FU with melatonin significantly decreased the IC50 value of 5-FU from 100
uM to 50 M. Moreover, combination therapy increased intracellular levels of ROS and suppressed
antioxidant enzymatic activities (P <0.05). Treatment with either melatonin or 5-FU resulted in
the induction of apoptosis in comparison to control (P> 0.05). XIAP and survivin expression levels
potently decreased after combination treatment with melatonin and 5-FU (P <0.05).

Conclusion: We demonstrated that melatonin exerts a reversing effect on the resistance to
apoptosis by targeting oxidative stress, XIAP and survivin in CRC cells. Therefore, more studies
need for better understanding of underlying mechanisms for beneficial effects of combination of
melatonin and 5-FU.

Introduction has been becoming a serious health problem across the
Colorectal cancer (CRC), as the most common strain world.>* Despite extensive efforts conducted to combat
of gastrointestinal malignancy, is considered as one of CRC including surgery, radiotherapy, and chemotherapy,
the important leading causes of cancer-related mortality differences in the sensitivity of certain cancer cells to
worldwide.! Alarmingly, the development of CRC due to chemotherapy defined as multidrug resistance (MDR)
lifestyle-related factors such as obesity, physical inactivity, is a major burden against successful treatment and
smoking and alcohol use and inherited gene changes, importantly responsible for the low survival rates of
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patients, such that nearly half of colorectal patients are
resistant to 5-fluorouracil (5-FU)-based chemotherapies.**
Combination of 5-FU with Oxaliplatin and irinotecan is
a standard chemotherapeutic regimen for primary and
metastasized CRC.” Hence, recent studies have focused
on the combination therapy of main chemotherapeutics
such as 5-FU with naturally occurring compounds, which
reduces the effective dose and hence adverse side effects.
In this light, the application of melatonin gains more
attention as an adjuvant agent for cancer treatment.*’ In
addition to physiological functions such as regulation of
circadian rhythm, oxidative stress, and immune response,
melatonin also exerts oncostatic activity via anti-
proliferative and pro-apoptotic effects.'®'! Melatonin is
able to increase the sensitization of antineoplastic agents,
which leads to a greater response to treatment.'

Besides various well-known mechanisms introduced
for drug resistance, dysregulation in apoptosis, as a
hallmark of cancer, is strongly demonstrated to be linked
with failure of clinical cancer therapy.'*'* Inhibitor of
apoptosis proteins (IAPs) are involved in the inhibition
of the processing of caspase-9 by cytochrome c, hence
prevention of apoptosis.”® This family including X-linked
IAP (XIAP) and survivin, is consisted of important
proteins with increased expression pattern in CRC.'*" In
addition, XIAP and survivin are reported to play a critical
function in the resistance to apoptosis, subsequent in
antitumor resistance in various human malignancies."®
Therefore, identifying potential agents that are able to
inhibit apoptosis resistance by targeting XIAP and survivin
or other IAPs is of importance in cancer treatment. In this
study, we aimed to study, for the first time, the effect of
melatonin on apoptosis resistance through targeting of
oxidative stress and two important molecules, survivin,
and XIAP, in SW-480 CRC cell lines.

Material and methods

Materials

Melatonin and 5-FU were purchased from Cayman
Chemical (Ann Arbor, MI, USA). RPMI 1640, fetal bovine
serum (FBS) and penicillin/streptomycin were provided
from Gibco®, (Invitrogen, Grand Island, NY, USA), reactive
oxygen species (ROS), superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx) assay
kits were provided from the Elabscience Biotechnology
(Wuhan, China). EZ-10 Total RNA Minipreps Kit was
provided from Bio Basic Inc., (Canada). AccuPower™
cycle script RT premix kit and Maxima Syber Green/ROX
qPCR Master Mix were purchased from Bioneer, Daejeon,
Korea and ThermoFisher Scientific, Bremen, Germany,
respectively. Primers were also provided from Pishgam
Biotech, Tehran, Iran. Primary antibody against XIAP,
survivin, Bax, Bcl-2, pro-caspase-3/cleaved caspase-3
and P-actin, and the secondary antibody, was obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Annexin V-FITC and propidium iodide were obtained

from EXBIO (Vestec, Czech Republic).

Cell culture

Human colorectal cancer SW-480 cell lines (Pasteur
Institute Cell Culture Collection, Tehran, Iran) were grown
in RPMI-1640 supplemented with 10% FBS and 100 unit/
mL penicillin/streptomycin at 37°C in humidified 95%
and 5% CO?2 incubator. The cells were harvested using
trypsin-EDTA and passaged every 2-3 days to maintain
exponential growth.

MTT assay

MTT assay was performed to determine cell viability
following various treatments. Initially, cells (1 x 10* cells
per well) were seeded at 96-well plates and subsequently
were treated with different concentrations of 5-FU (up to
300 uM) and melatonin (up to 500 M) in monotreatment
or co-treatment manner. After 48 hours, media containing
drugs were removed and MTT containing medium was
added. After incubation for 4 hours at 37°C, the formed
formazan crystals were solubilized using dimethylsuloxide
(DMSO). Absorbance of each well was measured at 570
nm with a micro plate reader, ELx 800 (Biotek, Winooski,
USA).

Calculation of combination index (CI)

The cytotoxicity of 5-FU and melatonin combinations
were calculated using the combination index (CI) given
by the formula below:

CI = (D)1/((DX)1) + (D)2/(DX)2 + « (D)1 (D)2)/((DX)1
(DX)2)

Where (DX)1 and (DX)2 are the concentrations of drug
lor2alonegivinga 50% reductionin cell viability compared
to a control. (D)1 and (D)2 are the concentration of drugs
1 and 2 in combination. a is 0 when 1 and 2 are mutually
exclusive or 1 when they are mutually non-exclusive. CI <
1, CI =1, and CI > 1 was considered synergistic, additive
and an antagonistic interaction, respectively.

ROS measurement

The effect of 5-FU, melatonin and their combination
on the levels of intracellular ROS was evaluated using
ROS Assay Kit. After incubation of SW-480 cells with
the aforementioned drugs, washing with PBS (pH= 7.4)
and incubating with 10 uM 2, 7-dichlorofluorescein
diacetate (DCFH-DA) at 37°C for 45 minutes in the
dark, dichlorofluorescein (DCF) was produced as a
reaction product of ROS and DCFH-DA, which is highly
fluorescent compound. Changes in the DCF fluorescence
intensity were measured using fluorometry with excitation
wavelength at 485 nm and emission wavelength at 525 nm.

Measuring SOD activity
SOD activity was measured according to the protocol.”
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In this assay superoxide radicals generated by the
xanthine and xanthine oxidase reaction system oxidize
hydroxylamine to form nitrite. During measuring
samples containing SOD, the SOD can specifically inhibit
superoxide anion free radical; hence reduce the formation
of nitrite. The absorbance was read at 550 nm using an
ELISA plate reader. Enzyme-specific activities were
expressed as units/mg of protein.

Measuring CAT activity

CAT activity was determined according to the protocol.”
This kit uses the peroxidase function of CAT to determine
the enzyme activity. The reaction that CAT decomposes
H,0, can be quickly stopped by ammonium molybdate.
The residual H,O, reacts with ammonium molybdate
to generate a yellowish complex. CAT activity can be
calculated by the production of the yellowish complex
at 405 nm. Enzyme-specific activities were expressed as
units/mg of protein.

Measuring GPx activity

GPx activity was evaluated in accordance with the
protocol . In this assay, GPx catalyzes the reaction
between H202 and GSH to generate H20 and oxidized
GSH (GSSG). The activity of GPx can be expressed by the
rate of enzymatic reaction. The activity of glutathione can
be calculated by measuring the consumption of reduced
glutathione. H202 and reduced glutathione can react
without catalysis of GPx, so the portion of GSH reduction
by non-enzymatic reaction should be subtracted. GSH
can react with dinitrobenzoic acid to produce 5-thio-
dinitrobenzoic acid anion, which showed a stable yellow
color. The absorbance was read at 412 nm using an ELISA
plate reader. Enzyme-specific activities were expressed as
units/mg of protein.

Apoptosis assay

Cells were cultured in 6-well plates at the density of 5 x
10° per well prior to treatments with melatonin, 5-FU and
their combination. Cells receiving no treatment and only
fresh medium were considered as a control group. After
48 hours, cells were harvested, washed twice with cold
PBS, resuspended in 500 pL of binding buffer followed by
the addition of 5 pL annexin V-FITC and 5 pL propidium
iodide.®® After incubation for 15 minutes at dark and
room temperature (25°C), they were analyzed by a flow
cytometer (FACS Calibur; BD Biosciences; San Jose, CA,
USA).

Table 1. Primer sequence for genes

RNA isolation and qRT-PCR

Groups of our investigation were considered as following
categories: blank control, melatonin treated, 5-FU treated
and melatonin/5-FU combination-treated. Following
harvesting the cells after 48 h incubation, total RNA was
isolated by guidelines of EZ-10 Total RNA Minipreps
Kit and then isolated RNA was quantified by optical
density measurement (A260/A280 ratio) using NanoDrop
1000 Spectrophotometer (Wilmington, DE, USA).
AccuPowerTM cycle script RT premix kit was used for
RT reaction and subsequent Quantitative real-time PCR
(qRT-PCR). qRT-PCR was performed using the Maxima
Syber Green/ROX qPCR Master Mix in triplicate.
Moreover, the primer sequences of B-actin (internal
control) and other genes (are described in Table 1. Finally,
in order to evaluate the relative mRNA expression levels,
2742 method was used.

Western blot

Cultured SW-480 Cell lysate was collected using a RIPA
cold buffer (150 mM NaCl, 1% Nonidet P-40, 0.5%
sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCL and
pH 8). In order to evaluate the protein concentration,
Bradford reagent was used and bovine serum albumin
(BSA) was applied as the standard protein (Bio-Rad,
Hercules, CA, USA). The extracted proteins from samples
were separated in an electrophoretic manner using a 10%
polyacrylamide gel (80 volts). Then, the separated proteins
were transferred to a polyvinylidene difluoride (PVDF)
membrane and subsequently, membranes were blocked
using 5% skim milk in Tris-buffered saline (10 mM Tris-
HCI (pH 7.5), 150 mM NaCl) with 0.02 % Tween 20 for
1 hour. Then, membranes were incubated with mouse
monoclonal primary antibodies (1:500) against XIAP
(cat. no. sc-55550), survivin (cat. no. sc-17779), Bcl-2
(cat. no. sc-7382), Bax (cat. no. sc-70405), Caspase-3
(cat. no. sc-136219) and P-actin (cat. no. sc-130657),
and after overnight, membranes were washed with Tris-
buffered saline with 0.02 % Tween 20, finally incubated
with goat anti-mouse secondary antibodies conjugated to
horseradish peroxidase for one hour. The signals obtained
from B-actin were used as an internal control and bond
images analyzed by Image] software (National Institutes
of Health, Bethesda, MD, USA).

Statistical analysis
Statistical analysis was performed using SPSS software
using One-way ANOVA POST HOC (Tukey and Dunnett)

Genes Forward primer (5'-3’) Reverse primer (5'-3')
Survivin GACCACCGCATCTCTACATTC TGCTTTTTATGTTCCTCTATGGG
XIAP CACTTGAGGTTCTGGTTGCAG TGCAAAGCTTCTCCTCTTGC
B-actin TCCCTGGAGAAGAGCTACG GTAGTTTCGTGGATGCCACA
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tests. Results were expressed as mean + standard deviation
(SD) from three independent experiments and P value <
0.05 was considered statistically significant.

Results

Anti-proliferative effects of melatonin and 5-FU on SW-
480 cells

To evaluate the inhibitory effects of melatonin and 5-FU,
either alone or in concomitant with each other, on the
proliferation of CRC cell line, an MTT assay was applied.
As shown in Figs. 1A and 1B, 5-FU and melatonin resulted
in the significant suppression of cellular proliferation of
SW-480 cell lines, in a dose-dependent manner. After 48
hours, the IC50 values for melatonin and 5-FU were 300 +
0.5 uM and 100 + 1 uM, respectively.

According to the isobologram analysis, combination
therapy significantly decreased cellular proliferation more
potently in comparison to monotreatment of melatonin
or 5-FU. Table 2 showed the CI values for the combination
of various concentrations of melatonin and 5-FU. The co-
treatment of 10 pM 5-FU with various concentration of
melatonin (75, 150, 200 tM) demonstrated a synergistic
effect on SW-480 cells after 48 h incubation (CI < 1; Fig.
1C). After 48 hours incubation, only 50 uM 5-FU along
with 150 pM melatonin induced 50% cell death in SW-

480 cells synergistically (Table 2). In other words, the
combination of melatonin with 5-FU, brought about a
50% decrease in the IC50 value of 5-FU.

The effects of melatonin and 5-FU combination on the
oxidative stress status in SW-480

One of the main mechanisms involved in the anticancer
effects of melatonin is its pro-oxidant functions in cancer
cells, hence it is suggested that by increasing intracellular
levels of ROS, as well as suppression of antioxidant activity
within cells, melatonin triggers cellular death. Therefore,
we measured ROS generation in all groups by a fluorescent
probe, DCFH-DA. SW-480 cells treatment with 5-FU and
melatonin significantly increased ROS levels by 2.2 and
1.9 fold in comparison to controls (P < 0.05; Fig. 2A).
Combination treatment of cancer cells with 5-FU and
melatonin resulted in a potent increase in the intracellular
ROS levels by 2.6 fold in comparison to the control group
(P <0.05; Fig. 2A). In addition to ROS levels, we measured
the activity of antioxidant enzymes including CAT, SOD
and GPx in all groups to better elucidate possible anti-
cancer effects of melatonin. We observed that melatonin
and 5-FU resulted in the significant suppression of the
enzymatic activities of CAT and SOD (P < 0.05; Figs. 2B
and C). However, these two agents failed to significantly
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Fig. 1. Cytotoxic effects of (A) 5-FU, (B) melatonin, and (C) combination of 5-FU and melatonin in various concentrations after 48 h incubation on SW-480
colorectal cancer cell line. Results are shown as mean + SD for at least 3 independent experiments. * P < 0.05. 5-FU: 5-fluorouracil.

Table 2. Cl values for combination of various concentrations of melatonin and 5-FU

Drug combination Cl Drug combination Cl Drug combination Cl

5-FU 10uM/ MLT 75uM 0.4 5-FU 50uM/ MLT 75uM 0.8 5-FU 75uM/ MLT 75uM 1.1
5-FU 10puM/ MLT 150uM 0.6 5-FU 50puM/ MLT 150uM 0.9 5-FU 75uM/ MLT 150uM 13
5-FU 10pM/ MLT 200pM 0.9 5-FU 50pM/ MLT 200pM 1.2 5-FU 75uM/ MLT 200uM 1.6

5-FU: 5-fluorouracil, Cl: combination index, MLT: melatonin.

256 | Biolmpacts, 2021, 11(4), 253-261



Melatonin increases apoptosis in -5flourouracil treated colorectal cancer cells

Relative DCF levels
(Folds to negetive control)

(©)

CAT (U/mg protein)

—
o]
-
8 3

SOD (U/mg protein)
n
S

)

-
N
3
3

@
3

GPx (U/mg protein)
o 2
g 8

Fig. 2. The effects of melatonin and 5-FU treatment, alone or in combination, on (A) the ROS levels, (B) superoxide dismutase, (C) catalase, and (D) glutathione
peroxidase activities in SW-480 colorectal cancer cell line. The results are expressed as mean * SD values from at least 3 independent experiments. * P <
0.05 for melatonin and 5-FU treated groups in comparison to the control group, ** P < 0.05 for the combination-treated group in comparison to melatonin and
5-FU treated groups. 5-FU: 5-fluorouracil, ROS: reactive oxygen species, CAT: catalase, SOD: superoxide dismutase, GPx: glutathione peroxidase.

reduce the enzymatic activity of GPx in comparison to the
control group (P > 0.05; Fig. 2D). Overall, the enzymatic
activity of all three antioxidants significantly decreased
in the 5-FU + Melatonin group in comparison to either
5-FU or melatonin groups. Therefore, melatonin can
enhance 5-FU mediated increase in the ROS levels and by
decreasing the antioxidants activities led to cellular death,
as explained in the following paragraphs.

The effects of melatonin and 5-FU combination on the
apoptosis in SW-480

In order to examine the effects of monotreatment of
melatonin and 5-FU treatment and their concomitant

(A) Control

treatment on the apoptosis of the SW-480 cell line,
Annexin V flow cytometry was used after 48h treatment.
In line with the results obtained from the MTT assay,
treatment of cells with melatonin, at the doses of 300 uM
and 5-FU, at the dose of 100 uM, induced apoptosis (Fig.
3). In addition, co-treatment of 150 uM melatonin with
50 uM 5-FU increased the migration of SW-480 cells to
apoptotic regions as compared to melatonin and 5-FU
alone, however, the results were not significant (P > 0.05).

The effects of melatonin and 5-FU combination on the
expression levels of apoptotic mediators in SW-480
To approve the pro-apoptotic function of the melatonin and

Treated with 5-FU

56.93%)

@
-3

W
FITC

Combined treated with 5-Fu and Melatonin °

F
Apoptotic Cells (%)
N
&

»
S

10

62.82%)

Fig. 3. Flow cytometry analysis of apoptosis in SW-480 cell line. Cells were treated with f-FU, melatonin and their combination for 48 h and then stained with
annexin V/PI. The results are expressed as mean + SD values from at least 3 independent experiments. * P < 0.05 for melatonin and 5-FU treated groups in

comparison to the control group. 5-FU: 5-fluorouracil.
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5-FU combination, we evaluated the protein expression
levels of three important mediators of apoptosis including
Bax, Bcl-2 and pro-caspase-3/actiated-caspase-3 (Fig. 4A).
Western blotting analysis showed that monotreatment
of melatonin or 5-FU resulted in a significant increase
in the expression levels of pro-apoptotic protein, Bax,
and downregulation of anti-apoptotic protein, Bcl-2 (P
< 0.05; Figs. 4B and C). Combination treatment exerted
a potent effect on the expression levels of Bax (P<0.05).
Additionally, Bax/Bcl-2 ratio was also significantly
higher in the combination group in comparison to
monotreatments (P < 0.05; Fig. 4D).

The effects of melatonin and 5-FU mono- and
combination treatments were also evaluated on
pro-caspase-3 and activated caspase-3. Our results
demonstrated that melatonin and 5-FU alone significantly
increase the activation of pro-caspase into cleaved and
activated caspase-3 in comparison to the control group (P
< 0.05; Fig. 4E).

The effects of melatonin and 5-FU co-treatment on the
expression levels of survivin and XIAP

For determining the mechanisms underlying increased
sensitivity of SW-480 to apoptosis, when combination
treatment with melatonin and 5-FU was applied, the
expression levels of IAPs including XIAP and survivin
were evaluated at the mRNA (Figs. 5A and 5B) and
protein levels (Figs. 6A, B, and C). SW-480 cells treatment
with 300 pM of melatonin and 100 uM 5-FU, alone,
brought about a significant decrease in the mRNA and
protein expression levels of both XIAP and survivin (P <
0.05). More importantly, the combination of melatonin

and 5-FU downregulated their expression levels more
potently in comparison with monotreatment. Collectively,
these findings demonstrated that the reversing effect of
melatonin on apoptosis resistance in CRC cells is at least
mediated by inhibiting XIAP and survivin expression.

Discussion

In this study, our results showed that melatonin in
combination with 5-FU reduced the IC50 value of 5-FU
and increased its cytotoxic effects on CRC SW-480 cell
lines. In addition, melatonin increased the sensitivity of
SW-480 to apoptosis in presence of 5-FU, maybe due to
increased oxidative stress and downregulating XIAP and
survivin, as the main members of IAPs family. In response
to chemotherapeutics, a cascade of cellular events occurs
in tumor cells, which exerts significant impacts on
proliferation and apoptosis.** Particularly activation
of apoptosis is contributed in the cytotoxic function
of various chemotherapeutic, which have extremely
demonstrated in in vitro and in vivo investigations.?*?2¢
As one of the most used chemotherapeutic agents in
the treatment of CRC, 5-FU is also demonstrated to
selectively act through induction of apoptosis in CRC
cells.”*® Accumulating recent studies have focused on the
IAPs, with a critical role in oncogenesis, because of their
apoptosis inhibitory potential.* Significant correlation
between poor prognosis and expression levels of IAPs,
hence the prognostic significance of IAPs has been
reported in some of these studies.***! It has been reported
that downregulation of IAPs through enhancement of the
sensitivity of certain cancer cells to chemotherapeutic
agents participates in successful treatment. For example,

Relative Bcl-2 protein expression

Relative Cas-3 protein expression

Relative Bax protein Expression

Relative Bax/Bcl-2 ratio

Fig. 4. The effects of melatonin and 5-FU treatment, alone or in combination, on the expression levels of apoptotic mediators in SW-480 colorectal cancer
cell line. (A) Western blotting of apoptotic proteins including Bax, Bcl-2 amd pro-caspase-3/cleaved-caspase-3. B-actin was used as the loading control. (B)
Quantitative analysis of Bcl-2, (C) Bax, (D) cleaved-caspase-3, (E) Bax/Bcl-2 ratio levels. The results are expressed as mean + SD values from at least 3
independent experiments. * P < 0.05 for melatonin and 5-FU treated groups in comparison to the control group, ** P < 0.05 for the combination-treated group
in comparison to melatonin and 5-FU treated groups. 5-FU: 5-flourouracil, Cas-3: Caspase-3.
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z
=

Relative XIAP mRNA expression
Relative Survivin mRNA expression

Fig. 5. The effects of melatonin and 5-FU treatment, alone or in combination,
on mRNA levels of (A) XIAP and (B) Survivin in SW-480 colorectal cancer
cell line. The results are expressed as mean + SD values from at least
3 independent experiments. * P < 0.05 for melatonin and 5-FU treated
groups in comparison to the control group, ** P < 0.05 for the combination-
treated group in comparison to melatonin and 5-FU treated groups. 5-FU:
5-fluorouracil, XIAP: inhibitor of apoptosis proteins.

Hehlgans et al*? showed that double targeting of survivin
and XIAP radiosensitized human colorectal tumor
cells and decreased migration. This finding suggests
that IAPs may exert critical effects on the initiation and
progression of cancer because of regulation of apoptotic
pathways. Therefore, exploring underlying mechanisms
for overexpression of IAPs and their involvement in the
pathogenesis of CRC may open new avenue in order
to develop novel therapeutic strategies for CRC. In
other words, IAPs could be an innovative and effective
therapeutic target with low toxicity against CRC.

Because of the wide range of biological function, and
the increasing importance of melatonin, as an anticancer
agent, the chemotherapeutic potential of this hormone
is demonstrated in various types of human malignancies
including CRC. More importantly, recent studies have
demonstrated the potential of melatonin in reversing
the resistance of CRC cells to various chemotherapeutic
agents. For example, Fic et al** showed that melatonin

B)

XIAP

Survivin

B-actin

Relative XIAP protein expression

reversed the resistance of LoVo CRC cells to doxorubicin
by inhibiting the expression levels of p-glycoprotein. In
another study, it was reported that melatonin played a
critical function in overcoming Oxaliplatin- resistance of
CRC cell lines through increasing Oxaliplatin-mediated
apoptosis.** In consistent with these studies, our results
showed that melatonin significantly revered 5-FU induced
apoptosis through inhibition of cancer cells proliferation
in a dose-dependent manner, and its combination with
5-FU exerted more potent effects. Therefore, melatonin
increased the 5-FU mediated apoptosis in SW-480 cell
lines. In a study by Fan et al*® it was demonstrated that
melatonin overcame apoptosis resistance in human
hepatocellular carcinoma by targeting survivin and XIAP.
Melatonin significantly inhibited the growth of HepG2
and SMMC-7721 cells and promoted apoptosis along with
the downregulation of survivin and XIAP. In agreement
with these findings, our study also showed that melatonin
treatment of SW-480 cell lines in combination with 5-FU
significantly downregulated the expression of XIAP and
survivin. Furthermore, the success of the treatment agent
in cancer remedy and induction of apoptosis is related to
several key factors such as Bcl-2, Bax and caspase3. Bax
as a member of Bcl-2 family participates in the important
step of apoptosis by translocation to the mitochondria
and subsequently promotion of protein release from
intermembrane space into the cytoplasm.***” Inaccordance
with previous studies, our results demonstrated that
melatonin in combination with 5-FU induced an increase
in Bax expression as well as Bax/Bcl-2 ratio.

ROS have dual functions in cancer, it has already been
proven that ROS in higher levels through induction of
apoptosis acts as an anti-cancer agent. On the other hand,
in moderate levels, ROS through several mechanisms
including inflammation, DNA mutation and cellular
damage provide an appropriate condition for cancer

Relative Survivin protein expression

Fig. 6. The effects of melatonin and 5-FU treatment, alone or in combination, on the expression levels of inhibitors of apoptosis in SW-480 colorectal cancer
cell line. (A) Western blotting of inhibitors of apoptosis including XIAP and survivin. B-actin was used as the loading control. (B) Quantitative analysis of XIAP,
and (C) survivin. The results are expressed as mean + SD values from at least 3 independent experiments. * P < 0.05 for melatonin and 5-FU treated groups
in comparison to the control group, ** P < 0.05 for the combination-treated group in comparison to melatonin and 5-FU treated groups. 5-FU: 5-fluorouracil,

XIAP: inhibitor of apoptosis proteins.
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Research Highlights

What is the current knowledge?

V Melatonin can increase the sensitization of antineoplastic
agents such as 5-FU by increased response to treatment.

V Melatonin is a potent pro-apoptotic and pro-oxidant agent
in various cancer types.

What is new here?

v Melatonin increase 5-FU-mediated apoptosis in SW-
480 cancer cell lines through downregulation of XIAP and
Survivin.

v Melatonin enhances the sensitivity of SW-480 cells to
5-FU by increasing ROS levels and suppressing antioxidant
defense.

initiation and progression.* ROS overproduction results
in potential damages to various macromolecules and
hence induction of apoptosis.*® Our findings showed that
combination therapyresultsin potentROS overproduction.
Similar results have been reported, such that there is
evidence that anti-cancer effects of melatonin may be
in part mediated through ROS overproduction, hence
results in more potent apoptosis especially in combination
with other current chemotherapeutic drugs.*** For
instance, melatonin co-treatment with cisplatin results
in ROS overproduction as well as augmentation of DNA
fragmentation.*

Pro-oxidant activity of melatonin was also found in our
study. It is suggested that melatonin plays a substantial role
in decreasing antioxidant levels through the reduction of
SOD, CAT, GPx, glutathione reductase, and glutathione
S-transferase activities. Several studies have pinpointed
the fact that reduction of antioxidant levels has paramount
importance in the successful treatment of cancer. Similar
findings are reported by Buldak et al*! in which anti-cancer
effects of melatonin mediated through enhancement of
MDA levels and reduction of antioxidant enzymes.

Conclusion

Our results showed that melatonin may exert a beneficial
effect by reversing the resistance to apoptosis through
increasing oxidative stress and targeting XIAP and
survivin in SW-480 CRC cells. In other words, melatonin
may target two key components of IAPs, as well as
oxidative stress, through modulation of cellular response
to apoptosis and oxidative stress, increase the cytotoxicity
of 5-FU. This may open new insights into the molecular
mechanisms of melatonin-mediated increasing in 5-FU
induced apoptosis in CRC and propose that melatonin
has the potential to consider as a promising agent for the
successful treatment of CRC. Particularly, since 5-FU has
various serious side effects, the combination of melatonin
may be effective in decreasing 5-FU effective dose hence
reduces its severe side effects in patients with CRC.
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