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Abstract. The effects of chemotherapy on gastrointestinal 
cancer are influenced by the chemotherapeutic sensitivity of 
the cancer cells. Determining the expression of genes related 
to chemotherapeutic sensitivity has been used as a molecular 
method. The aim of the study was to clarify the relationships 
between the expression of genes related to chemotherapeutic 
sensitivity and the effects of orally active derivatives of 
fluoropyrimidine on gastric and colorectal cancer. Forty-five 
patients who underwent adjuvant chemotherapy containing 
orally active derivatives of fluoropyrimidine after undergoing 
curative surgery for gastric or colorectal cancer were enrolled. 
Twenty-four patients had colorectal cancer and 21 patients had 
gastric cancer. Total RNA was extracted from formalin-fixed, 
paraffin-embedded specimens of the resected tumors, and 
the expression of 11 genes was measured using the RT-PCR 
method. We then analyzed the relationships between the 
gene expression and the postoperative relapse rate as well 
as the relationships between clinicopathological factors and 
postoperative relapse rate. The median observation period of 
the subjects was 41 months. Twelve out of the 21 gastric cancer 
patients (57%) and 11 out of the 24 colorectal cancer patients 
(46%) relapsed. Although the results of a univariate analysis 
revealed that expression of none of the evaluated genes was 
related to relapse in the gastric cancer patients, excision 
repair cross-complementing gene 1 (ERCC1) overexpression 
was related to the relapse rate in colorectal cancer patients 
(p=0.023). When 1.295 was set as the cut-off value for ERCC1 
overexpression using the receiver operating characteristic 
(ROC) curve, 67% of patients with ERCC1 overexpression 
and 25% of patients without ERCC1 overexpression relapsed. 
The relapse-free survival rate was lower in the group with 
ERCC1 overexpression than in the group without ERCC1 

overexpression (p=0.046). ERCC1 overexpression appears to 
be a useful predictor of relapse in colorectal cancer patients 
receiving adjuvant therapy with regimens including orally 
active derivatives of fluoropyrimidine.

Introduction

In Japan, gastric cancer is the most common (22.2%) and 
colorectal cancer is the second most common (18.1%) form of 
cancer (1). The morbidity and mortality rates for gastric cancer 
peaked in the 1960s, and both rates have since decreased 
in Japan (2,3). However, the morbidity and mortality rates 
for colorectal cancer have markedly been increasing (2). 
Chemotherapy plays an important role in the treatment of 
gastrointestinal cancers.

5-Fluorouracil (5-FU), which is a frequently used chemo-
therapeutic drug, was first synthesized by Dushinsky and 
Heidelberger in 1956 (4). Later, Heidelberger et al reported that 
5-FU exhibited an antitumor effect (5). The median survival 
time of patients with unresectable advanced gastric cancer, 
which is 3-4 months without any treatment, can be prolonged 
to 7 months after treatment with 5-FU, 5-FU + doxorubicin, 
or 5-FU + doxorubicin + mytomycin C (6). Chemotherapy 
has thus improved the survival time and disease-free period 
of patients with metastatic colorectal cancer (7,8). Meanwhile, 
the median survival time of patients with advanced colorectal 
cancer, which is 6 months without any treatment, can be 
improved to 10-12 months after treatment with 5-FU or 5-FU 
+ leucovorin (LV) (9).

To select the most appropriate drug for use in individual 
patients, the utility of anticancer drug sensitivity tests, such 
as the succinic dehydrogenase inhibition test and the histo-
culture drug response assay, has been examined. Both of 
these methods directly judge chemotherapeutic sensitivity by 
removing cancer cells from the cancer tissues and culturing 
them with various anticancer drugs. Alternatively, gene 
expression analyses, which do not require cell culturing with 
anticancer drugs, for genes related to chemotherapeutic sensi-
tivity have been attracting attention, along with progress in 
the analysis of the molecular mechanisms of anticancer drug 
action.

Thymidylate synthase (TS), which is a target enzyme of 
5-FU and is also a rate-limiting enzyme in DNA synthesis, 
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and dihydropyrimidine dehydrogenase (DPD), which is 
related to 5-FU metabolism, have been studied as predictors 
of prognosis or anticancer drug sensitivity (10-21). These 
studies on 5-FU-related anticancer drug-sensitivity factors in 
gastrointestinal cancers are of significance in improving the 
efficiency of adjuvant chemotherapy for advanced and recur-
rent cancers and in helping to identify optimal therapies for 
individual gastrointestinal cancer patients (i.e., establishing 
customized chemotherapy).

We studied the relationships between the outcomes of 
gastric and colorectal cancer patients who received treatment 
with orally active derivatives of fluoropyrimidine after surgery 
and the expression of genes related to chemotherapeutic 
sensitivity. Here, we present our findings and discuss the 
clinical significance of genes related to chemotherapeutic 
sensitivity.

Materials and methods

The subjects included 45 patients who underwent adjuvant 
chemotherapy with orally active derivatives of fluoropy-
rimidine after undergoing curative surgery between January 
2001 and September 2007 in the Department of General and 
Gastrointestinal Surgery, 2nd Teaching Hospital of Fujita 
Health University. Of the 45 patients, 21 had gastric cancer 
and 24 had colorectal cancer. All of the patients received 
adjuvant chemotherapy with UFT (uracil/tegafur) + oral 
LV, S-1 (tegafur gimeracil oteracil potassium), or 5-FU. In 
the UFT + LV regimen, 300 mg/m2/day of UFT and 75 mg/
m2/day of LV were divided into three oral doses per day 
(both agents were administered simultaneously). One course 
consisted of 4 weeks of medication and 1 week of rest. In the 
S-1 regimen, 80 mg/m2/day of S-1 was divided into two oral 
doses per day. One course consisted of 4 weeks of medica-
tion and 2 weeks of rest. In the 5-FU regimen, 200-300 mg/
body/day of 5-FU were divided into three oral doses per day, 
administered each day. 

We prepared formalin-fixed, paraffin-embedded speci-
mens of the resected tumors, and 5-µm thick sections were 
stained with H&E to identify the cancer cells. Then, isolated 
cancer cells were removed from 10-µm thick sections using 

the laser-captured microdissection technique (22). Total 
RNA was extracted and the expression of ten genes [TS, 
DPD, thymidine phosphorylase (TP), folylpolyglutamate 
synthetase (FPGS), γ-glutamyl hydrolase (GGH), dihydrofo-
late reductase (DHFR), excision repair cross-complementing 
gene 1 (ERCC1), topoisomerase 1 (Topo1), epidermal growth 
factor receptor (EGFR) and vascular endothelial growth 
factor (VEGF)] was measured using the RT-PCR method 
with a TaqMan probe (Applied Biosystems, Foster City, CA). 
The expression of β-actin was also measured as an internal 
control. The sequence products shown in Table I were used as 
the primers for TS, DPD, TP, FPGS, GGH, DHFR, ERCC1, 
Topo1, EGFR, VEGF and β-actin genes. The expression 
levels of each gene were normalized using the expression 
level of β-actin. PCR was performed using an ABI PRISM 
7900 Sequence Detection System (Applied Biosystems). The 
PCR conditions consisted of 42 cycles at 95˚C for 15 sec and 
60˚C for 1 min, followed by 50˚C for 10 sec and 95˚C for 
10 min.

We then analyzed the relationships between the 
clinicopathological factors, including age, gender, cancer 
location, pathological type, depth of invasion, lymph node 
metastasis, stage and site of cancer, and relapse rate, as well 
as the relationships between the gene expression levels and the 
relapse rate.

The risk of relapse was evaluated using the Cox proportional 
hazards model. The cut-off value was determined using the 
receiver operating characteristic (ROC) curve analysis. The 
survival rate was calculated using the Kaplan-Meier method. 
The survival rate was evaluated using the log-rank test, and 
a p-value of <0.05 was considered statistically significant. 
The statistical analysis software SPSS v.11 (SPSS Japan Inc., 
Japan) was used for all analyses. This study was approved 
by the Fujita Health University Ethics Review Board for 
Epidemiological and Clinical Studies.

Results

The median observation period was 41 months. Twelve of 
the 21 gastric cancer patients (57.1%) and 11 of the 24 
colorectal cancer patients (45.8%) relapsed. Although the 

Table I. Sequences of the PCR primers.

Gene	 Primer sequence	 Primer sequence	 Probe sequence
name	 (forward)	 (reverse)

TS	G CCTCGGTGTGCCTTTCA	 CCCGTGATGTGCGCAAT	 TCGCCAGCTACGCCCTGCTCA
DPD	 AGGACGCAAGGAGGGTTTG	G TCCGCCGAGTCCTTACTGA	 CAGTGCCTACAGTCTCGAGTCTGCCAGTG
TP	 CCTTGGATAAGCTGGAGTCTATTCC	 CCTGGTCCAGCAGCACTTG	 TCAATGTCATCCAGAGCCCAGAGCAGAT
FPGS	GG CTGGAGGAGACCAAGGAT	 CATGAGTGTCAGGAAGCGGA	 CAGCTGTGTCTCCATGCCCCCCTAC
GGH	G TGGCAATGCCGCTGAA	 CAACTCAGTAGGAAAATTCTGGAACA	 TTCACTGGAGGTCAATTGCACAGCAGA
DHFR	G TCCTCCCGCTGCTGTCA	G CCGATGCCCATGTTCTG	 TTCGCTAAACTGCATCGTCGCTGTGTC
ERCC1	GGG AATTTGGCGACGTAATTC	G CGGAGGCTGAGGAACAG	 CACAGGTGCTCTGGCCCAGCACATA
Topo1	 TGTAGCAAAGATGCCAAGGT	 TGTTATCATGCCGGACTTCT	 CCTTCTCCTCCTCCAGGACATAAGTGGA
VEGF	 AGTGGTCCCAGGCTGCAC	 TCCATGAACTTCACCACTTCGT	 TGATTCTGCCCTCCTCCTTCTGCCAT
EGFR	 TGCGTCTCTTGCCGGAAT	GG CTCACCCTCCAGAAGGTT	 ACGCATTCCCTGCCTCGGCTG
β-actin	G AGCGCGGCTACAGCTT	 TCCTTAATGTCACGCACGATTT	 ACCACCACGGCCGAGCGG
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results of a univariate analysis revealed that none of the 
examined gene expression was related to relapse in the 
gastric cancer patients, ERCC1 was related to relapse in the 
colorectal cancer patients [hazard ratio (HR), 3.137; 95% CI, 
1.167-8.431; P=0.023] (Tables II-VII). A value of 1.295 was 
set as the cut-off value for ERCC1 expression based on the 
results of the ROC curve (Fig. 1); values of ≥1.295 were 

defined as high expression, while values of <1.295 were 
defined as low expression. Eight of the 12 patients in the high-
expression group (67%) and 3 of the 12 patients in the 
low-expression group (25%) relapsed. The relapse-free 
survival rate was lower in the ERCC1 high- than in the ERCC1 
low-expression group (HR, 3.891; 95% CI, 1.023-14.808; 
P=0.046) (Figs. 2 and 3).

Table II. Univariate analysis of recurrent factors of gastric and colon cancer (n=45).

Variable	 Mean ± SD	 Hazard ratio	 95% CI	 P-value

TS	 2.53±1.25	 1.047	 0.746-1.471	 0.790
DPD	 0.68±0.85	 0.957	 0.523-1.749	 0.885
TP	 4.96±3.17	 0.996	 0.869-1.143	 0.959
FPGS	 1.44±1.03	 1.047	 0.720-1.522	 0.810
GGH	 2.95±1.55	 1.174	 0.816-1.689	 0.387
DHFR	 2.54±0.96	 0.691	 0.370-1.291	 0.247
ERCC1	 1.79±0.80	 1.649	 0.992-2.741	 0.054
Topo1	 1.66±0.77	 1.168	 0.579-2.357	 0.665
VEGF	 6.75±4.73	 0.986	 0.903-1.077	 0.755
EGFR	   3.35±11.58	 0.922	 0.709-1.199	 0.544

Table III. Univariate analysis of recurrent factors of gastric cancer (n=21).

Variable	 Mean ± SD	 Hazard ratio	 95% CI	 P-value

TS	 2.97±1.31	 0.983	 0.621-1.556	 0.940
DPD	 1.10±1.05	 0.645	 0.249-1.669	 0.366
TP	 6.44±3.95	 0.868	 0.850-1.147	 0.868
FPGS	 1.67±1.44	 0.999	 0.670-1.489	 0.996
GGH	 3.37±0.78	 0.620	 0.099-3.883	 0.609
DHFR	 2.69±1.22	 0.391	 0.126-1.217	 0.105
ERCC1	 2.08±0.90	 1.237	 0.626-2.445	 0.540
Topo1	 1.63±0.95	 1.102	 0.445-2.728	 0.834
VEGF	 6.13±4.99	 0.968	 0.853-1.099	 0.620
EGFR	   6.34±18.38	 0.749	 0.532-1.574	 0.749

Table IV. Univariate analysis of recurrent factors of colon cancer (n=24).

Variable	 Mean ± SD	 Hazard ratio	 95% CI	 P-value

TS	 2.18±1.10	 1.063	 0.596-1.897	 0.836
DPD	 0.26±0.09	 0.157	   0.000-58.682	 0.777
TP	 3.78±1.70	 0.807	 0.531-1.226	 0.314
FPGS	 1.24±0.39	 1.469	 0.317-6.799	 0.623
GGH	 2.82±1.70	 1.243	 0.844-1.832	 0.271
DHFR	 2.46±0.81	 0.997	 0.423-2.346	 0.994
ERCC1	 1.53±0.61	 3.137	 1.167-8.431	 0.023
Topo1	 1.69±0.61	 1.387	 0.479-4.010	 0.546
VEGF	 7.24±4.56	 0.823	 0.896-1.147	 0.823
EGFR	 1.45±2.18	 0.911	 0.641-1.293	 0.601
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Discussion

In this study, we analyzed the genes related to chemothera-
peutic sensitivity in gastric and colorectal cancer patients who 
received adjuvant chemotherapy with orally active deriva-
tives of fluoropyrimidine after undergoing curative surgery. 
We demonstrated that ERCC1 overexpression was related to 
relapse in colorectal cancer patients.

ERCC1 is a nucleotide excision repair (NER)-related gene 
which is involved in the excision and repair of damaged DNA. 
ERCC1 forms a complex with a protein named XRF and 
repairs DNA interstrand cross-links (23). Since DNA damage 
induces cell death and gene mutations, the possible causes of 
aging and carcinogenesis, respectively, DNA repair mecha-
nisms are very important. In platinum-based drugs such as 
cisplatin, platinum molecules bind to the DNA in tumor cells 
forming adducts that inhibit DNA replication. This process is 
considered to be the main molecular mechanism of the anti-
tumor action of these drugs (23,24). 

In 1992, Dabholkar et al measured ERCC1 expression 
in ovarian tumor tissues and reported for the first time in a 
clinical study that the expression of ERCC1 is related to 

Table V. Univariate analysis of recurrent factors of gastric and colon cancer (n=45).

Variable	 Mean ± SD	 Hazard ratio	 95% CI	 P-value

Age	 64.7±8.4	 0.996	 0.948-1.047	 0.885
Gender (male/female)	 30/15	 0.961	 0.405-2.277	 0.928
Depth of tumor invasion (sm, mp/ss, se)	 12/33	 0.535	 0.182-1.576	 0.256
Lymph node metastasis (no/yes)	 5/40	 1.604	 0.375-6.853	 0.524

Table VI. Univariate analysis of recurrent factors of gastric cancer (n=21).

Variable	 Mean ± SD	 Hazard ratio	 95% CI	 P-value

Age	 62.8±8.7	 0.993	 0.927-1.063	 0.830
Gender (male/female)	 16/5	 0.789	 0.209-2.973	 0.726
Macroscopic type (2/other)	 10/11	 0.919	 0.290-2.910	 0.886
Histological type (well, moderate/other)	 12/9	 1.201	 0.386-3.737	 0.752
Depth of tumor invasion (sm, mp/ss, se)	 9/12	 1.483	 0.445-4.941	 0.521
Pathological stage (Ⅱ/other)	 7/14	 1.538	 0.415-5.693	 0.519

Table VII. Univariate analysis of recurrent factors of colon cancer (n=24).

Variable	 Mean ± SD	 Hazard ratio	 95% CI	 P-value

Age	 66.4±7.9	 1.009	 0.938-1.086	 0.807
Gender (male/female)	 14/10	 0.999	 0.304-3.279	 0.999
Organ (colon/rectum)	 15/9	 0.954	 0.279-3.262	 0.940
Depth of tumor invasion (sm, mp/ss, se)	 3/21	 0.037	   0.000-37.694	 0.352
Lymph node metastasis (no/yes)	 5/19	 1.389	 0.300-6.439	 0.675
Pathological stage (Ⅱ/Ⅲ)	 5/19	 1.389	 0.300-6.439	 0.675

Figure 1. ROC curve showing the sensitivity and specificity of predicting 
relapse in colorectal cancer patients based on ERCC1 overexpression. The 
black dot (●) represents the greatest balance between sensitivity and speci-
ficity. The black dot, which was regarded as the cut-off point for this analysis, 
corresponded to an ERCC1 overexpression value of 1.295. The area under the 
curve (AUC) was 0.797 (95% CI, 0.620-0.975).
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cisplatin-resistance (25). In vitro studies have also shown that 
the expression of ERCC1 mRNA is related to resistance to 
platinum-based drugs in cell lines derived from ovarian, head 
and neck, bladder, testicular and non-small cell lung cancers 
(24). Additionally, retrospective clinical studies have indicated 
that the expression of ERCC1 mRNA is related to resistance 
to platinum-based drugs in gastric, ovarian, colorectal, 
esophageal and non-small cell lung cancers (24-35). 5-FU 
+ oxaliplatin therapy was administered to patients with 
advanced gastric cancer, and the expression of ERCC1, TS 
and glutathione S-transferase P1 (GSTP1) were measured 
immunohistochemically. Patients with positive ERCC1 
expression had a lower overall survival rate (30). In patients 
with metastatic colorectal cancer who received oxaliplatin + 
5-FU combination therapy, ERCC1 overexpression was related 
to chemotherapeutic resistance and a short survival time, and 
ERCC1 was suggested to be a potentially useful biomarker 
(24). In all of these studies, the therapies were performed in 
combination with platinum-based drugs, while no reports 
analyzing the relationships between 5-FU monotherapy or 
orally active derivatives of fluoropyrimidine and ERCC1 were 
found in a PubMed search.

A relation between ERCC1 expression and CPT-11 
sensitivity has also been reported. First-line CPT-11 therapy is 

effective in colorectal cancers overexpressing ERCC1, EGFR 
and GSTP1, and the overexpression of both ERCC1 and 
EGFR has been associated with relapse-free survival (36). 
ERCC1 and EGFR are expected to be useful for evaluating 
the response of FOLFIRI and CPT-11 + cetuximab therapies, 
which are currently administered to patients with unresectable 
advanced/recurrent colorectal cancer.

5-FU therapy is also effective against metastatic advanced 
colorectal cancer with low expression levels of intratumoral 
TS mRNA or protein (10-14). In addition, 5-FU adjuvant 
chemotherapy is effective against colorectal cancer with a 
high expression level of intratumoral TS protein (15-19). 
5-FU is also effective against advanced head and neck cancer 
when the expression level of DPD is low (20). Furthermore, 
the effect of 5-FU therapy can be reportedly predicted by 
measuring the expression levels of intratumoral TS, TP and 
DPD in metastatic colorectal cancer (21).

To summarize these numerous reports, since cancer cells 
overexpressing ERCC1 are adept at repairing DNA damaged 
by antitumor drugs, patients with such tumors have a high risk 
of cancer relapse, even after the administration of anticancer 
drugs. Therefore, ERCC1 might be a useful marker gene for 
predicting anticancer drug sensitivity. In the cases examined 
in this study, 1.295 was set as the cut-off value for ERCC1 
overexpression based on the results of the ROC curve; values 
of 1.295 or higher were defined as high-expression, while 
values less than 1.295 were defined as low-expression. Using 
this classification, the high-expression patient group was 
found to have a high risk of relapse. Thus, patients with high 
intratumoral levels of ERCC1 expression have a higher risk of 
cancer relapse and should receive frequent follow-up exami-
nations after surgery; additional chemotherapies might also 
need to be considered.

In conclusion, the overexpression of the ERCC1 gene is 
useful for predicting relapse in colorectal cancer patients who 
received adjuvant chemotherapy with orally active derivatives 
of fluoropyrimidine after undergoing curative surgery.
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