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Abstract

Introduction: in the Western countries the colon cancer represent the second most common cancer.
One of the causes of colorectal cancer treatment failure is the resistance to therapy that occurs in most
patients with metastatic colon cancer. In current study, we examined the role of linezolid on
oxaliplatine anticancer effect in colon cancer cells.

Materials and methods: The effect of linezolid-oxaliplatine combination in comparison to the either
drugs alone as a positive control groups was examined on HCT-116 colon cancer cell line, the inhibition
rate on growth was tested by crystal violet assay. The apoptotic percentages was examind by annexin-
V binding assay with flowcytometry.

Results: The in vitro cytotoxic effect of linezolid on HCT-116 cells was evaluated by crystal violet
staining, a wide range of concentrations including (31.2, 62.5, 125, 250, 500, and 1000 pg / ml) was used
for linezolid- oxaliplatine combination , and for the positive control groups both linezolid and
oxaliplatine. After 24 hours of incubation, result showed the concomitant use of linezolid with
oxaliplatine enhanced the oxaliplatine effect as the percentages of growth inhibition was increased,
and also it has been demonstrated that the apoptotic percentage was significantly increased (p value
<0.05) in the linezolid- oxaliplatine combination in comparison to the positive control groups.
Conclusion: this study revealed that the concomitant use of linezolid and oxaliplatine has a synergic
effect, that could become a more effective regimen for the colon cancer treatment.
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Introduction

Colorectal cancer (CRQ) is one of the chief
causes of death from cancer in the world [1]
Currently, surgery and chemotherapy are the main
colon cancer treatments. Even though the patients
survival rate has been improved with
chemotherapy, resistance develops in most patients
with CRC that eventually led to the failure of
chemotherapy [2]

Oxaliplatine was one of the platinum
chemotheraputic drugs, which had the features of
dominant anticancer effects. Oxaliplatine had been
extensively useful in the treatment of numerous
types’ of tumors [3] At the same time low doses
can lead to drug resistance ,while high doses of
oxaliplatine may results in severe side effects, like
nerve ending inflammation, bone marrow
suppression, gastrointestinal reactions [4] Thus, a
new method to challenging CRC is required [5].
Nowadays, drug combination therapies become
largely  prevalent to  diminish  overcome
chemotherapy resistance and drug side effects [6].
For example the combination of oxaliplatine with
capecitabine  (one of the  conventional
chemotherapy drugs) has improved the survival rate
of CRC patients [7].

Linezolidisa member of theoxazolidinone
class of antibiotics, it isused for the treatment
of infections caused by gram-positive bacteria that
areresistantto other antibiotics. Linezolid in
addition to IV administration it can be taken orally,
which is one of the advantages of linezolid as it has
a very good oral bioavailability of about 100%
resulting from its rapid absorption.[8]

It acts by inhibiting bacterial protein synthesis. It
either exert bacteriostatic or bactericidal activity.
the exact mechanism of action of linezolid appears
to be in that it blocks the initiation of protein
production, rather than one of the later steps.
bacterial resistance to linezolid has remained low

[8,9].

linezolid is a relatively safe antibiotic when given
for short periods [9]. It can be used in most age
groups and in patients with poor kidney function
orliver disease. Side effect associated with short
term use of linezolid include headache, rash,
diarrhea, and nausea. While severe side effects may

include bone marrow suppression, high blood
lactate levels, and serotonin syndrome, which
mainly occurred if usage is continued for more than
two weeks. Usage for longer periods can
causeirreversible nerve damage, including optic
nerve damage [8,10].

In the current study, the role of linezolid in
oxaliplatine anticancer effect was evaluated on
colon cancer cells HCT-116.

Materials and methods

This study was accomplished in the postgraduate
Cancer Research Lab, at the College of Medicine/
University of Babylon, during the period from
November 2019 to March 2020.

Cell Lines

Human colon cancer cell line (HCT-116) was
obtained from the National Cell Bank of Iran (NCBI)
at Pasteur Institute. The used cancer cell line was
cultivated and maintained in RPMI 1640 media
augmented with 10o0mg/ml streptomycin, 10% FBS,
and 100 U/ml penicillin. 1t was cultured as a
monolayer ina 37°C incubator and 5% CO2. [11]

Drugs stocks Preparation

Two-fold serial dilutions for both linezolid and
oxaliplatine was made at concentrations of (1000,
500, 250, 125, 62.5, and 31.2) yg/ml. The combination
linezolid-oxaliplatine was prepared by mixing equal
volumes from each concentration of the two drugs
to get half dose of each drug in the combination.

In vitro cytotoxicity assessment with crystal
violet assay:

The cytotoxic effect of linezolid-oxaliplatine
combination, oxaliplatine and linezolid on HCT-116
cells were evaluated in vitro by C.V staining. The
crystal violet assay was achieved according to
Feoktistova and his colleagues protocol [12].

Pre-drug exposure cellular handling:
When the cells of HCT-116 line reached 70-80%
confluence growth, they were trypsinized, counted,
and retumed in RPMI 1640 cultivation medium in
sterile flat bottom 96-wells plates. Each well contain
200l of cell suspension then cells were incubated
for 24 hours at 37°C and 5% CO2 incubator.
Cellular drugs exposure:

At the next day, the medium was aspirated from
the plates and then they were treated with sterile
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serum-free RPMI medium which was previously
prepared and supplemented with a wide range of
concentrations represented by (1000, 500, 250, 125,
62.5, and 31.2 ug/ml.) that is replicated in three wells
of each concentration for all groups (linezolid-
oxaliplatine combination, oxaliplatine group and
linezolid group). While the negative control group
was treated with RPMI-1640 medium. After 24 hours
incubation, the absorbance was measured for each
well by ELISA reader and the growth inhibition
percentages were determined. and a three control
wells were incubated with only aulturing medium
without any drug or additives. After that the plates
were incubated in  37C° for 48 hour
Staining with Crystal Violet Dye

After 24hr of incubation, treated wells were
washed with PBS, then sopl of 0.5% crystal violet
stain solution was poured to each well, then plates
were incubated in 25C° for 20 min. After that the
plates were gently washed with tap water and
dried. Then, 200ul of methanol was added to each
well and the plates were again incubated at room
temp for 20 min with gentle rocking, the optical
density of each well was read with ELIZA plate
reader [13]. Finally, The percentages of cellular
growth inhibition were calculated [14].

Determination of the concentration inhibits 50 %
of cellular growth (1C50): To outline the dose-
response curve the excel sheet was used, by
plotting the different concentrations of the tested
drugs and their percentages of cellular growth
inhibition. The values of IC50 were calculated from it
for each group [15].

Annexin V- Fluorescein isothiocyanate binding
assay (FITC):

The potential anticancer effects of linezolid-
oxaliplatine were investigated using annexin V-FITC
in human colon cancer cell line (HCT-116) by
flowcytometry.

Apoptosis detection kit with Annexin V-FITC
conjugated (Invitrogen, Bioscience, Australia) was
used to assess the apoptosis in colon cancer cell line
induced by tested treatments. Three concentration
were chosen for each group namely (1000, 250, 65.2
pg/ml) as that to assess the higher concentration,
the middle concentration (which is approximately
near the IC50 of each group), and the lowest

concentration given inhibition in growth of the cells.
The experiment was done according to the
manufacturer’s instructions [16].

Statistical analysis:

Statistical analysis was done by using SPSS
version 23. Analysis of variance ANOVA test was
used to compare mean of the different groups. P-
value <0.05 was considered statistically significant.
Variables were presented as mean * SD with a 95%
confidence interval. The IC50 of tested groups was
calculated by Graph Pad Prismé [17].

Results

1-The effect of linezolid-oxaliplatine combination
on the growth of HCT-116 colon cancer cells:

The linezolid-oxaliplatine combination,
oxaliplatine and linezolid cause highly significant (P
< 0.001) inhibition to the growth of HCT-116 cells in
compare to the negative control group in all
concentrations except the concentrations of 3.1
pg/ml in which there were no significance
differences from negative control groups in all
treated groups (p-value > 0.05). the inhibition in
growth percentages showed a dose-dependent
manner in all treated groups. All concentrations of
linezolid-oxaliplatine combination show highly
significant (P < 0.01) inhibition in growth percentage
in comparison to oxaliplatine and linezolid groups.
The IC50 was 225 pg/ml of linezolid- oxaliplatine
combination, 252 pg/ml of oxaliplatine and 237
pg/ml of linezolid, as shown in table1 and figure1.

2- Apoptotic effects of the linezolid-oxaliplatine
on the colon cancer cells

The results were expressed as plots by software
as the lateral scattered as in the figure2 that reflect
the apoptotic percentages for each tested sample:

Linezolid-oxaliplatine combination in all 3
concentrations, oxaliplatine and linezolid treated
groups in both the 1000 and 250 pg/m
concentrations showed a highly sinificant (p <0.01)
increase in apoptotic percentages on hct-116 cells in
comparison to the negative control group. The 1000
pg/ml  concentration of linezolid-oxaliplatine
combination, oxaliplatine and linezolid treated
groups showed high significant (p<0.01) increase in
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apoptotic percentages comparing to other two
concentrations 250 and 65.2 pg/ml. Linezolid-
oxaliplatine combination in all 3 concentrations
showed a high significant (p<0.01) difference from
oxaliplatine, and linezolid treated groups. regarding
the concentrations 250 and 652 pg/ml of
oxaliplatine and linezolid treated groups they cause
no significance ( p > 0.05) from other as shown in
table 2 below.

Discussion

Antibiotics used in cancer treatment have
different modes of actions. Several act as potent
intercalating agents while others act by damaging
the DNA. Many of these chemotherapeutic drugs
targets DNA and is basically observed as a non-
specific target of the cytotoxic agents[18].

Up to our knowledge this is the first study
aim to investigate the effect of linezolid in the
chemotherapeutic activity of oxaliplatine on CRC
cell line. In the present study the concomitant use of
linezolid  with  oxaliplatine  enhance the
chemotherapeutic effect of the later, which indicate
the synergistic effect between oxaliplatine and
linezolid. This result is in agreement with that
reported by Etna et al. ( 2019) study which found
that cells obtained from linezolid-administered mice
demonstrated a decrease in oxygen consumption
rate, suggesting that linezolid may reduce tumor
growth rate of breast cancer and discriminate
resistant and cancer stem cells (subtype of cancer
cells with stem like properties, that may be
responsible for tumor recurrence) [19].

Also our result is in agreement with that
found by Duewelhenke et al. (2007) study which
revealed that linezolid had cytotoxic effect on
primary human osteoblasts and explained this by
the impairment of mitochondrial energetic [20]. One
of the approaches that can induce mitochondrial
dysfunction and deplete the supply of energy to
cancer cells is through targeting mitochondria using
antibiotics [21,22] Evidence showed that some
bactericidal antibiotics can induce mitochondrial
dysfunction, suppress cancer cells growth and,
possibly, tumors [23,24]. The linezolid- induced
enhancement of oxaliplatine chemotherapeutic
effect may be attributed to the ability of some

antibiotics  including  linezolid to  induce
mitochondrial dysfunction in eukaryotic cells and
decrease cancer cell growth [19,22,23].

It was suggested that antibiotics can
interfere with mitochondrial function (induce
autophagy in cancer «cells by increasing
mitochondrial and intracellular reactive oxygen
species (ROS) [19] The enhancement to ROS
presence, can amplify cellular death pathways [25].
Previous studies reported that ROS stimulation is a
potential therapeutic approach for treatment of
cancer as several natural products exerting
antitumor effects on human cancer cells by inducing
ROS generation [26]. ROS may induce genomic
instability by DNA mutations, and abnormal pro-
tumorigenic signaling thus they have a role in tumor
growth and progression. But in contrast, ROS high
levels can potentially induce cell death because
antioxidant capacity cannot exceed elevated levels
of ROS, that intensely suggests that high levels of
ROS havea strong role in tumorigenesis block [27].

Linezolid increase the level of ROS in cancer
stem cells which approves that the mitochondria is
responsible for the production of ROS [19]. Also our
result is in parallel to that reported by Peihai et al.
(2019)  study  which  demonstrated  that
alantolactone (a natural sesquiterpene lactone,
possesses strong antitumor activities) synergized
oxaliplatine antitumor effect by inducing the
generation of ROS [28].

In the present study the percentages of
apoptosis which was significantly increased in a
dose dependent manner in the group treated with
oxaliplatine - linezolid combination may be related
to linezolid-induced mitochondrial dysfunction as
had been found by Fuiji et al. (2018) who suggested
that apoptosis occurred in the human leukemic
monocyte lymphoma U937 cell line was related to
mitochondrial damage induced by linezolid [29].

On the contrary, our result disagrees with
that found by Hedaya et al. (2016) who revealed that
linezolid lack anticancer activity against breast
cancer cell lines [30]. this negative result could be
explained by low linezolid concentrations used by
Hedaya et al. study as compared to the
concentrations used by our study.
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Table (1): the Percentage of inhibition of growth of colon cancer cells and the 1C50 produced by different concentrations

of different tested groups
Conc. Inhibition of cell growth percentages (Mean + SD) for each concentration
inug /
ml Linezolid- Oxaliplatine Linezolid group Negative
oxaliplatine group control group
combination group

1000 92.8+8.3°™ 80.75+7.6 69.33+5.5 1241
500 751437 61.94+6.7~ 56.72+6 ™ 9.93+1.3
250 60.04+4.6™ 49.12+48* 38.62+2.6 11.43+1.5
125 34.49+5.5 ™" 24.16+3" 26.89+5.7°* 9.0343.5
62.5 21.47+4.2°% 16.77+5.8 16.82+5.2 7.72+1
31.2 16.77+2.4 12.08+3 10.51+1.5 11.05+0.6
IC50 225 ug [ ml 252 pug / ml 237 pg /ml

p-values <o0.01.

a= significant difference from negative control group. b= significant difference from other treated groups. c= significant
difference from other concentrations within same treated group.

120.0
abc M linzolide+oxaliplatine
100.0 T
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c 800 : .
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Figure(1): Percentage of inhibition of growth of colon cancer cells produced by different concentrations of different
tested groups. a= significant difference from negative control group. b= significant difference from other treated groups. c=
significant difference from other concentrations within same treated group. p-values <0.01.
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Figure (2) Flowcytograms of apoptotic percentages for different tested groups on HCT-116 colon cancer cells
A: linezolid oxaliplatine combination group B: oxaliplatine group C: linezolid group D: control group.

While 1,2,3refer to the three concentrations tested: 1= 1000 pg/ml, 2= 250 pg/ml, 3= 65.2 pgml.
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Table 2: Apoptotic percentages of different tested groups on human colon cancer cell line

Percentages of apoptosis percentages in (Mean + SD) for each concentration
drugs 1000 (pg/ml) 250 (pg/ml) 62.5 (pgml)
linzolide +oxaliplatine 97.6+247 80.3+14 ™ 53.4+2.8
oxaliplatine 84.5+1.5% 55.8+5.4 26.5+2.5
Linezolid 73.7+2.3% 38.3+1.7° 24+2.8
-ve control 22.4+2.2 19+2.1 23.3+3.1

p-values<0.01.

a: significant difference from negative control group. b: significant difference from other treated groups. c: significant
difference from other concentrations within same treated group.
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