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Abstract
Fluorouracil (5-FU) is essential drug in chemotherapy for colorectal cancer for many years. It is

supplemented in approximately 69% of current regiments chemotherapy for colorectal cancer. How-
ever, to date drug resistance has greatly limited its clinical applications. By understanding many factors
causing resistance in colorectal cancer, we can develop a new strategy to against drug resistance. To
achieve these goals, we also need to develop a model of WiDr colorectal cancer cell line which resis-
tance to Florouracil. This study is aimed to develop a 5-FU acquired resistance WiDr colon cancer cell
line. This study was a pre-test and posttest controlled group design. A 5-FU acquired resistance WiDr
colon cancer cell line was developed by giving 5 intermittent exposures. WiDr parental cell line was
subcultured into 4groups. Each group was exposed5-FU with the different doses; 12.3μM (group 1),
6.15μM(group 2), 3.075μM(group 3), and 0μM(group 4/control group). At the end of 5th exposure, cyto-
toxic test was performed. The increasing of IC50value, compared to parental cell, was used as indicator of
resistance. Statistical tests for IC50 was performed using paired t testwith95% confidence level (p<0.05). A
significant increased ofIC50 value is observed in group3. At the end of the study, the IC50 value of group
3increase 2.6 fold compared toIC50of parental cell (p<0.05). A 5-FU-acquired resistant WiDr cell line can
be developed by giving intermittent exposure of 5-FU using concentration 3.075 µM.
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Introduction
In Asia, it was reported that the incidence of

colorectal cancer is increasing.1,2 If colon cancer  is
not managed well, it will become a burden disease
in Asia.3 Many Asian countries, including China,
Japan, South Korea, and Singapore, have
experienced an increase of two to four times in the
incidence of colorectal cancer during the past few
decades.4 The highest incidence of colorectal cancer
in Asia was found in Japan and Taiwan. Incidence
rates among males were reported to be higher than
that among females in all countries.2,4

In Asia, the incidence of colorectal cancer is
increasing.1,2 If not managed well, it will become a
burden disease in Asia.3 Recently, it was also
estimated that colorectal cancer to be one of the
most common cancer in Indonesia.1,2

Fluorouracil is essential drug in chemotherapy
for colorectal cancer for many years. Until the mid
1990’s, it was the only approved agent for colorectal
cancer.5 At presence, it remains to be a principal
therapy for colorectal cancer. It is supplemented in

9 from 13 of current regiments chemotherapy for
colorectal cancer.6 Inspite of these facts, drug
resistance has greatly limited its clinical applications.
Resistance to 5-fluorouracil (5-FU) has been
frequently found in the treatment of digestive tract
cancer patients.7,8

Fluorouracil has several modes of action in
generating cytotoxicity. In its target cells, 5-FU is
converted to 5'-fluoro- 2'-deoxyuridine mono-
phospate (5-fdUMP), which make it possible to
build a stable complex with thymidylate synthase
(TS). This complex, thereafter, inhibits deoxythi-
midine monophosphate (dTMP) synthesis. The
reduction of dTMPs subsequently followed by
downstream depletion of deoxythimidine triphos-
phate (dTTP) which essential for DNA replication
and repair.9

Many factors which contributes to the resistan-
ce of 5-FU have been extensively investigated
including overexpression of MRP5, high level
expression of thymidylate synthase, p53 mutational
status, dihydropyrimidine dehydrogenase.10
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By understanding many factors causing
resistance in colorectal cancer, we can develop a
new strategy to against drug resistance. To achieve
these goals, we also need to develop a model of
WiDr colorectal cancer cell line which resistance to
5-FU.

Methods
This study was a pre-test and posttest

controlled group design. A5-FU acquired resistance

WiDr colon cancer cell line was developed by giving
5 intermittent exposures. WiDr parental cell line was
subcultured into 4 groups. Each group was
exposed5-FU with the different doses; 12.3μM
(group 1), 6.15μM (group 2), 3.08μM (group 3),
and 0μM (group 4/control group). The schedule
of exposure has been shown below (Figure 1).

At the end of 5th exposure, cytotoxic test and
immunocytochemistry analysis were performed.
The increasing of IC50value, compared to parental
cell, was used as indicator of resistance.

MTT assay was used cytotoxicity test. Soon
after the cells have completed the cycles, the cells
were trypsinized for 3 minutes. Thereafter, cells were
harvested and placed into 96-well micro-plates.
After 24 hours, 6 serial concentrations of 5-FU
(1000, 500, 250, 125, 62.5, 31.25 µg/ml) were
added in triplicate sample for each concentration.
The cells were exposed to drugs for continuous 2
days.11

Then, 10 µl MTT solution (5 mg/ml) were added
also to each well and the plates were incubated for
4 h at 37oC, 5% CO2 before 100 µl SDS 10% was
added to each well. The optical density of each well
was measured at 595 nm using ELISA reader. The
inhibition of cell growth will be calculated by
following formula: inhibition (%) = (OD0 - OD/OD0)
x 100. OD and OD0 indicated the absorbance of
treated cells and untreated cells, respectively.

Statistical tests for IC50 was performed using
paired t test with 95% confidence level (p<0.05).

Result and Discussion
The IC50 value of parental cell is 325.26 µM.

This value is an average from 3 consecutive analysis
with the following result 374.31, 325.42, and 275.98

µM. This parental IC50 value forms reference value
to determine the concentration of 5-FU exposure.
On the preliminary study we exposed 3 groups of
cells with 3 different dosage, 1 x parental IC50 (307.5
µM), 0.1 x parental IC50 (30.75 µM) and 0.01 x
parental IC50 (3.075 µM). From the observation,
we found that the optimum concentration of
exposure is 0.01 x IC50 (3.075 µM). We multiply the
result 2 and 4 folds, therefore, we have 3 serial
concentrations, 12.30 µM, 6.15 µM and 3.075 µM.
We use these 3 serial concentrations as the
concentration of 5-FU exposure.

The result of cytotoxicity assay for each group
is described in the table 1 and Figure 2. Descriptively,
compared to parental group, elevated level of IC50
is observed on group 2 and 3, while decreased
level of IC50is observed on group 1. Analysis of
data using paired t-test shows that the elevated
level of of IC50in group 3 is statistically significant
(p<0.05) (Table 1) and could be assessed as having
5-FU resistance. Whereas significant decreased level
of IC50 is observed in group (p<0.05), therefore
this group could be assessed as undergoing 5-FU
sensitive.

Figure 1. Schedule of 5-FU exposure
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Table 1. Fluorouracil Inhibition Concentration 50 (IC50) on WiDr Cell line after
various concentration of fluorouracil exposure

*p<0.05, compared to parental group

Figure 2 Fluorouracil Inhibition Concentration 50 (IC50) on WiDr Cell
line after various concentration of fluorouracil Exposure

In the other hand compared to the parental
cells, the level of IC50ingroup 4 (control group) post
exposure shows slight decrease. However, statistical
analysis using paired t-test find that the decline of
IC50 level in group 4 is not statistically significant
(p>0.05) (Figure 2). The data led to an assumption
that all treatment to the cells, except 5-FU exposure
doesn’t influence the resistance of the cells. A
significant increased of IC50 is only shown in group
3. It means that the Fluorouracil intermittent
exposure at concentration 3.075 µM can induce
the resistance of the cells.

Resistance to 5-FU chemotherapy is a key
problem in colon cancer and can be induced by
several factors. Chemoresistance of tumors can be
mediated by various cellular mechanisms including
dysregulated apoptosis or ineffective drug
concentration at the intracellular target sites or over
expression of target protein.12

The process of resistance development in colon
cancer is unique. An experiment performed by
Inaba et al. shows that colon cancer cells are more
resistance if the cells are short-termly exposed to
the drug and followed by exposure without drug.13

The cellular response of the colon cancer cells
to 8 hr and 24 hr of 5-FU exposure shows
upregulation of AREG, a positive regulator of cell
growth and inhibit apoptosis together with IGFI.14

This result may provide additional reason why
intermittent drug exposure may contribute to the
resistance development process and why a short
term period of FU exposure can induce resistance.

Another mechanism of FU-resistance in short-
term exposure is caused by a significant reduction
of 5-FU incorporation into cellular RNA.13,15 In
accordance with this result, a depletion of 5-
Fluorouridine-5-Triphosphate (5-FUTP) is also
observed.13
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The period of drug exposure needed to
establish WiDr resistance cell line in this study is
similar with other study which employ murine colon
tumor as the model of FU resistance. In this study,
tumor model became resistance to 5-FU after
approximately 10 days of 21 days exposure.16

The exposure of Fluorouracil in low doses will
cause low inhibition of cell growth and allow the
cell to recover from TS inhibition. Mechanism to
recover the resistance might be an overexpression
the Thymydilate Synthase enzyme in the cell 17 and
also by the overexpression of ABC transporter. As
mentioned before, that 5-FU is a substrate for
MRP5, therefore the presence of 5-FU could induce
the overexpression of MRP5.18
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