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ABSTRACT

Background: Cancer is considered as the second leading cause of death and the most popular
kind of gastrointestinal cancer is colorectal cancer that resulted from genetic alterations 
progressed during a lifetime. In human cancer, the most frequently mutated oncogenes but have
not produced to therapeutic attack are RAS genes (KRAS, NRAS and HRAS). Methotrexate is a
cytotoxic chemotherapeutic agent, as it acts on cell cycle. Aims: This study aims to investigate
the cytotoxicity effect MEX2R and MEX2O in human colorectal cells and to compare its action
with MTX. MEX2R and MEX2O investigational agents as K-RAS oncogene blocker which inhibits
the cell proliferation by targeting the cell cycle. 
Methods: LST 174 colorectal cell line was grown in RPMI- 1640 media supplement with 
10% heat inactivated fetal bovine serum and antibiotic 100IUs/ml penicillin with 100 μg/ml 
streptomycin. The cells were incubated with agents and drugs for 24 hours. Cells were 
inoculated in 96-well microtiter plate (105 cells/well) for 48 hrs. The final concentration of the
solvent never exceeded 0.1%. Triplicates were prepared for each individual dose. Color intensity
was measured in an ELISA reader. The viability and inhibition % of cancer cell line after the spec-
ified time were then detected and the concentration that inhibit 50% of cell viability (IC50) was
fitted and calculated. 
Results: There was no significant increase (P> 0.05) in cell growth inhibition as compared with
control group at conc. (0.5,1,5 μg/ml) of MEX2R, while there was a highly significant increase
(P≤0.05) in inhibition of growth LST174 cells in conc. (25, 125,625 μg/ml). Additionally, the
conc.of drug that needed to inhibit a biological process or response by 50% (IC50) is about 411
mg/ml . The result showed that MEX2O has significant difference (P≤0.05) in LST174 cells
growth inhibition in all concentrations (0.5,1.5.25,125,625 & 1000 μg/ml) when compared with
control(untreated) group. While, the concentration of drug that needed to inhibit a biological
process or response by 50% (IC50) is about 317.69 mg/ml. Also, the result showed that MTX
has significant increase (P≤0.05) in growth inhibition of LST174 cells in all concentrations
(0.5,1,5,25,125,625,1000 μg/ml) when compared with control group. While, the results
showed that the conc. of drug that needed to inhibit a biological process or response by 50%
(IC50) is about 803.8 mg/ml. 
Conclusion: MEX2R and MEX2O might be have a greater value in the treatment of this type of
cancer than MTX as they act on the cell cycle as the tested drugs MEX2R & MEX2O acted on
the cell cycle by targeting one of the main troubles that interfere with treatment of colorectal 
cancer which is K-RAS gene mutation and inhibit the cell proliferation.
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INTRODUCTIONINTRODUCTION

Cancer is considered as the second leading cause of
death and a major public health problem after the 
cardiovascular diseases in worldwide (1). The most 
common type of gastrointestinal cancer is colorectal
cancer (CRC), which results from genetic alterations that
progress over a lifetime (2). According to GLOBOCAN
2018, the CRC incidence rate is approximately 10.2% of
all new cases, and the mortality rate is approximately
9.2% of all cancer deaths.

One of the major factors that caused cancer is
molecular genetic defects, many drugs were designed
to reach at the affected site that block the cancer
growth by interfering with particular molecules
included in carcinogenesis and they may be more
effective than conventional treatments and less
harmful to normal cells, these are called targeted
anti  cancer therapy (3).

In human cancer, the most frequently mutated
oncogenes that have not been produced for therapeutic
attack are RAS genes (KRAS, NRAS, and HRAS), which
are present in approximately 90% of pancreatic cancers,
45% of colon cancers, and 35% of lung cancers (4). The
Kirsten rat sarcoma viral (KRAS) isoform mutation is 
predominant (approximately 86%), and mutations 
in exon 2 are most common among CRCs, with 
frequencies of 30 50%. While mutations of its exon 3 and
4 have lower effect, only show cause in about 1% and
4% (5).

In oncology, the most effective therapy used for the
treatment of CRC is the anti­epidermal growth factor
receptor (EGFR) antibody. However, KRAS mutations in
patients with CRC are resistant to anti­EGFR therapy (6).

One of the most important targets for drug 
development is the KRAS signaling pathway due to
these high occurrences either through direct K RAS 
targeting by binding to specific pockets on K RAS or
inhibiting the GTPase activity of K RAS. These agents also
have a similar strategy by recognizing the GDP analog
SML 8 73 1 and the prodrug derivative of its  SML 10 70 1,
which blocks K RAS processing by covalently binding to
G12C mutant K RAS, which is under investigation (7).

Other agents are prenyltransferase inhibitors (PTIs)
that target RAS­membrane interactions and suppress
their post­translational modifications (8). Salirasib 
(farnesylthiosalicylic acid) inhibits the farnesyltrans­
ferase (FTase) enzyme and suppresses proper plasma
membrane attachment by interrupting the binding 
of persistently active RAS proteins to the plasma 
membrane; however, these agents do not exhibit 

clinical efficacy as single agents (9). Additionally, e 
GGTI 2417 and GGTI 241, 8 which t  inhibit  geranyl 
transferase (GGTI, do e not show e any clinical efficacy
when used as a single agent or  when combined with
FTI,  because they cause da toxicity s in clinical trials and
l further clinical development (10).

On the other hand, the drugs that act by blocking
RAF MAPK, and PI3 kinase downstream pathways are
being examined in the clinic and they give different
effects according to many factors like definite muta­
tional variant and type of tissue  (11).

Alternatively, inhibitor resistance has been attributed
to many factors, such as negative feedback mechanisms,
severe side effects, and reflexive activation of other
downstream signaling partners of RAS (12 14).

Methotrexate (MTX) is a chemotherapeutic cyto­
toxic agent that acts on the cell cycle (15). MTX limits the
synthesis of thymidine and purine nucleotides and
inhibits dihydrofolate reductase by interfering with DNA
synthesis (16,17). This antifolate agent has severe
adverse effects on the intestinal epithelium and bone
marrow; therefore, there is a risk of hemorrhage that
occurs spontaneously and is a life­threatening infection. 

In this study, MEX2R and MEX2O, which are  investi­
gational agents, acted as K RAS oncogene blockers by
inhibiting  cell proliferation by targeting the cell cycle,
and tested the cytotoxic effect in human colorectal cells.

METHODSMETHODS

Chemicals and Reagents

MEX2O and MEX2R (investigational agents),
methotrexate injectable vial 50 mg / 5 ml (KOCAK
FARMA), penicillin/streptomycin purchased from
Sigma Aldrich (USA), MTT(3 (4,5 dimethyl 2 thiazolyl)  2,5 ­
diphenyl 2H tetrazolium bromide) were purchased from
Bioworld (USA), RPMI 1640 media (US Biological, USA)
was supplemented with 10% heat­inactivated fetal
bovine serum (Gibco, Germany), and all other agents
were of analytical grade and used as received.

Cell Lines and Drugs Treatment

The LST 174 colorectal cell line was grown in
RPMI  1640 medium supplemented with 10% heat­
inactivated fetal bovine serum and antibiotic
100IUs/ml penicillin and 100 μg/ml streptomycin.
Cells were cultured at 37 °C in a 95% humidified
atmosphere with 5% CO2. The cells were incubated
with the agents and drugs for 24 h, and the attached
cells were harvested for subsequent analysis. 
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In Vitro Cytotoxicity Assessment 

The cytotoxic activity of the NCD was evaluated
against the RMS cell line using an MTT assay. These
cells were maintained in DMEM supplemented with
10% heat­inactivated fetal bovine serum (FBS). To
maintain the cells in an exponential phase cellular 
suspension, aliquots were refed with fresh DMEM two
or three times per week. The cells were inoculated in
96  well microtiter plate (105 cells/well) for 48 h. To
allow the growth of the cell monolayer on the wall of
the microtiter plate. An optimization protocol was
developed for the toxicity screening of compounds in
the cell monolayer. The test compounds were freshly
dissolved in dimethyl sulfoxide (DMSO) and diluted in
DMEM. The final solvent concentration did not exceed
0.1%. Samples were prepared in triplicate for each
dose. Monolayer cells were incubated with the target
compounds (NCD, DOX, MTX and MT1) for 24 h, at
37°C, 5% CO2 and incubated at 37°C in a humidified
atmosphere. Color intensity was measured using an
ELISA reader. The viability and inhibition % of the 
cancer cell line after the specified time were then
determined, and the concentration that inhibit 50% of
cell viability (IC50) was fitted and calculated.

Statistical Analysis 

Statistical analyses were performed using IBM 
SPSS version 20. Because we compare more than 2
groups ANOVA test was used, means ±S.E used to
express the data.  Statistical significance was set at 
P < 0.05. Fifty percent inhibitory concentrations were
determined by blotting inhibition% versus compound
concentration.

RESULTSRESULTS

Effect of MEX2R cytotoxicity on LST174
cell line

The results of the study showed that when 
comparing MEX2R  at lower concentrations (0.5,1,5
μg/ml) with the control, there was  no significant 
variation (P > 0.05) in the inhibition of cell growth,
while at other concentrations (25, 125,625 μg/ml) 
of MEX2R, there was a highly significant increase (P ≤
0.05) in the inhibition of  LST174 cell growth when
these concentrations were used for approximately 24
h of treatment and compared with the control group.
In addition, the results showed that the concentration
of drug required to inhibit a biological process or
response by 50% (IC50) was approximately 411
mg/ml, as shown in table 1 and fig. 1. 

Effect of MEX2O Cytotoxicity on LST174
Cell Line

The result showed that MEX2O has significant 

Table 1 - Cytotoxicity of MEX2R in LST174 cell line

Cell Line

Conc. mg/ml GI% Mean ± S.E P value vs. Control IC50

Control (untreated) 0.001±0.57 411

0.5 4.0949±6.99352 0.691

1 9.2673±4.40099 0.373

5 10.5604±3.78845 0.312

25 37.0690±13.91213* 0.002

125 40.9483±5.18587* 0.001

625 65.5173±9.95354* 0.001

1000 95.6897±0.57020* 0.001

GI%: Growth inhibition percent; *: mean significant

Figure 1 - Dose-response curve of growth 
inhibition of MEX2R on LST174 cell line 

presented by plotting drug concentrations 
versus growth inhibition %
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difference (P≤0.05) in LST174 cell growth inhibition at
all concentrations (0.5,1.5.25,125,625 & 1000 μg/ml)
compared with the control(untreated) group. In 
addition, the results showed that the concentration of
drug required to inhibit a biological process or response
by 50% (IC50) was approximately 317.69 mg/ml as
shown in table 2 and fig. 2.

Effect of MTX Cytotoxicity on LST174 Cell
Line

The results showed that MTX significantly increased
(P ≤ 0.05) the growth inhibition of LST174 cells at 
all concentrations (0.5,1,5,25,125,625,1000 μg/ml) 
compared with the control group. In addition, the
results showed that the concentration of drug needed
to inhibit a biological process or response by 50% (IC50)
is approximately 803.8 mg/ml as in table 3 and fig. 3.

DISCUSSION DISCUSSION 

KRAS is one of the most frequently mutated 
oncogenes in human cancer. To making this gene has
a high priority therapeutic target so, most of KRAS 
mutant cancers are depended on the sustained
expression and signaling of KRAS. However, the 
development of small molecules that directly inhibit
KRAS function remains a challenge (18). There are
many alternative therapeutic strategies used for 
KRAS mutant malignancies that involve targeting 
codependent vulnerabilities or synthetic lethal 
partners essential for oncogenic KRAS (19).

During the last two decades, many strategies have
been developed to target oncogenic KRAS signaling.
These strategies include the development of the KRAS

protein direct inhibitors, usage of RNA interference
strategies in addition to development of inhibitors act
by prevent the localization of RAS to the plasma 
membrane, and pharmacologic targeting of its down­
stream effectors (20). Challenges and difficulties faced
when designing a direct inhibitor of KRAS so, many 

Table 2 - Cytotoxicity of MEX2O in LST174 cell line 

Cell Line

Conc. mg/ml GI% Mean ± S.E P value vs. IC50
Control

Control(untreated) 0.0±2.62188 317.69

0.5 13.7931±2.69181 0.034*

1 16.3793±3.73287 0.014*

5 21.9828±2.64832 0.002*

25 32.1121±4.85751 0.001*

125 38.3621±8.95888 0.001*

625 96.7673±1.14041 0.001*

1000 98.7069±0.93942 0.001*

GI%: Growth inhibition percent; *: mean significant

Table 3 - Cytotoxicity of MTX in LST174 cell line

Cell Line

Conc. mg/ml GI% Mean ± S.E P value vs. IC50
Control

0 0.0±2.62188 803.8

0.5 14.8707±0.21552* 0.005

1 15.5173±1.68324* 0.004

5 22.4138±4.79980* 0.001

25 26.2931±4.16233* 0.001

125 28.2328±2.70042* 0.001

625 34.6983±2.89949* 0.001

1000 62.2845±4.40099* 0.001

GI%: Growth inhibition percent; *: mean significant

Figure 2 - Dose-response curve of growth 
inhibition of MEX2O on LST174 cell line 

presented by plotting drug concentrations 
versus growth inhibition %
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Figure 3 - Dose-response curve of growth 
inhibition of M on LST174 cell line presented 

by plotting drug concentrations versus 
growth inhibition %

earlier attempts to target KRAS­mutated CRC focused 
on inhibition upstream and downstream of KRAS 
signaling targets. Protein localization inhibitors, cyclin­
dependent kinase (CDK) inhibitors, MEK inhibitors,
focal adhesion kinase (FAK) inhibitors, and prenyl ­
binding protein (PDE) inhibitors have been studied with
varying degrees of success (21). 

As previously discussed, one of the main mecha­
nisms that is essential for localizing KRAS protein 
to the inner surface of the plasma membrane is 
farnesylation of KRAS, which transduces the signal
from EGFR to RAF. Farnesyl transferase inhibitors (FTI)
were developed as early KRAS blocking agents, and
their function is to prevent the farnesylation of KRAS
and block its migration to the cell membrane and sub ­
sequent signaling (22). Salirasib is an oral RAS farnesyl
cysteine mimetic that competitively blocks the 
membrane association of RAS proteins. In a phase II
trial in advanced KRAS mutated NSCLC, it failed to 
provide any significant response and it cause many of
adverse effects, the major adverse effects associated
with the use of salirasib included diarrhea, nausea, and
fatigue (23). Other agents such as Lonafarnib, which is
currently approved to reduce the risk of death due to
Hutchinson–Gilford progeria syndrome, and tipifarnib
also failed to demonstrate any significant benefit in
multiple phase II and phase III studies, which may 
be due to the presence of the bypass prenylation 
pathway via geranylgeranylation (24).

In this study, the results showed that MEX2R and
MEX2O agents have highly significant cytotoxic effects
on the LST174 colorectal cancer cell line when com­
pared with MTX. These agents are effective in inhibiting
biological processes or responses by 50% at doses less
than the dose of MTX to produce the same effect,
about half or less; IC50  for MEX2R & MEX2O (411 &

317.69 respectively). While the IC50 for MTX is 
approximately t 803.8, this means n that MTX is 
effective only at n high doses, e and thus a high concen­
tration indicates n high systemic side effects. A 
previous study showed thate MTX caused e inhibition
of o the dihydrofolate reductase enzyme and resulted t
in the g inhibition of cell growth in SW480 cell, s which
are e one of the colorectal cell lines that were tested in
the study (25. However),t the anti proliferative effect of
MTX may be deepened by n exposure time rather than
the concentration of drug, s as found d by Huysentruy,
et al., who s found that e MTX is less effective than 
cisplatin n on (VM M3) cultured cells and implanted
mice (26).

CONCLUSIONCONCLUSION

From the results of this study, it can be concluded
that MEX2R and MEX2O may have a more valuable role
in this type of cancer treatment than  MTX. These
agents direct the cell cycle by targeting the KRAS gene
mutation, which is one of the main obstacles that
affects colon cancer treatment and hence inhibits cell
proliferation.
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