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Abstract. Chemotherapy with FOLFOX, which is a combina-
tion of 5-fluorouracil (5-FU)/leucovorin (LV) and oxaliplatin, 
has been used worldwide for the treatment of metastatic 
colorectal cancer patients. The aim of this study was to 
examine the candidates for predictors of the efficacy of the 
FOLFOX treatment regimen in colorectal cancer patients 
with liver metastasis, using formalin-fixed paraffin-embedded 
specimens. We investigated the mRNA levels of thymidylate 
synthase (TS), thymidine phosphorylase (TP), dihydropyrimi-
dine dehydrogenase (DPD), orotate phosphoribosyltransferase 
(OPRT) and excision repair cross-complementing 1 (ERCC1) 
in 70 primary lesions and 30 liver metastatic lesions of 
colorectal cancer patients, using laser capture microdissection 
and real-time PCR methods. We then analyzed the correla-
tion between their expression in primary lesions and those in 
corresponding liver metastatic lesions (n=30) and the relation-
ship between their expression in the primary lesions and the 
efficacy of mFOLFOX6 in 45 colorectal cancer patients with 
unresectable liver metastasis. The gene expression in primary 
lesions positively correlated with those in corresponding liver 
metastatic lesions. The profiles of gene expression of primary 
lesions strongly correlated with those of synchronous liver 
metastatic lesions compared to that of metachronous liver 
metastatic lesions. TS and TP mRNA levels in the patients 
with complete response, partial response or stable disease 
(n=34) were significantly lower compared to those in the 
patients with progressive disease (n=11) (p=0.017 and p=0.04, 

respectively). Our results indicated that TS and TP mRNA 
expression profiles in primary lesions are sufficient to estimate 
the mRNA expression profiles in synchronous liver metastatic 
lesions compared to metachronous liver metastatic lesions. 
Additionally, these profiles may be useful predictors in the 
identification of eligible colorectal cancer patients with liver 
metastasis for FOLFOX treatment.

Introduction

Advances in chemotherapy for metastatic colorectal cancer 
have lead to improvements in overall survival (1,2). As the 
worldwide guidelines for colorectal cancer treatment have 
recommended, FOLFOX, which consists of a combination 
of 5-fluorouracil (5-FU)/leucovorin (LV) and oxaliplatin, is 
one of the first-line standard chemotherapies for metastatic 
colorectal cancer, as well as FOLFIRI, consisting of 5-FU/
LV and irinotecan. A number of reports showed that the 
response rate to FOLFOX is approximately 20-50% (1,3-5). 
These increases in the response rate have markedly improved 
the overall survival in metastatic colorectal cancer patients. 
However, the remaining patients do not benefit from the 
FOLFOX treatment. The patients who receive chemotherapy 
usually suffer from adverse events including myelosuppression, 
nausea, diarrhea and peripheral paresthesia (1-3). Numerous 
patients undergoing FOLFOX treatment have complained of 
peripheral neuropathy induced by oxaliplatin. If the efficacy 
of FOLFOX treatment were favorable, the benefits of treat-
ment are likely to be greater than the disadvantages of the 
adverse events caused by the anti-cancer drugs. However, if 
we were able to recognize unfavorable outcomes in advance 
when patients with metastatic colorectal cancer receive 
FOLFOX treatment, we would avoid ineffective treatment and 
go directly to more efficacioius chemotherapeutic drugs. To 
perform chemotherapy more effectively, predictive markers of 
chemosensitivity are required.

Candidates for predictive markers of the efficacy of 
chemotherapy on various types of cancer have been investi-
gated. Regarding colorectal cancer treatment, genes related 
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to the drug metabolism pathway of 5-FU were previously 
studied intensively (6-10). Thymidylate synthase (TS), thymi-
dine phosphorylase (TP), dihydropyrimidine dehydrogenase 
(DPD) and orotate phosphoribosyltransferase (OPRT) are key 
enzymes involved in DNA and RNA synthesis (11). Of these, 
TS expression appears to be a more useful indicator for the 
prediction of chemosensitivity and prognosis. Previous reports 
indicated that colorectal cancer patients with low levels of TS 
expression had better prognosis than those with high levels 
of TS expression (6,8-10). By contrast, patients with a high 
level of TS expression who underwent curative resection 
of colorectal cancer had more effective resection when the 
patients received 5-FU-based treatment as adjuvant chemo-
therapy (12,13). TP is identical to platelet-derived endothelial 
cell growth factor (PD-ECGF) and is crucial in angiogenesis 
in various types of cancer (14). The clinical significance of a 
high TP expression is associated with resistance to 5-FU-based 
chemotherapy and poor prognosis in colorectal cancer (7,14). 
Excision repair cross-complementing 1 (ERCC1) is involved 
in the repair of damaged DNA (15). ERCC1 expression is 
reportedly correlated with resistance to platinum-based drugs, 
including oxaliplatin (9,10).

When we predict the efficacy of chemotherapy for 
metastatic lesions, two methods may be used: one predic-
tion method is to estimate using the expression profiles of 
primary lesions and the other method involves investigating 
metastatic lesions directly. There appears to be no consensus 
on which method is better in the identificaiton of predictive 
markers of chemosensitivity. Although a previous report (16) 
demonstrated that TS mRNA expression differed depending 
on the organs in which metastatic lesions developed, there is 
a possibility that even if metastatic lesions developed in the 
same organ, the mRNA expression profiles may be different 
due to the development pattern of metastasis: synchronous or 
metachronous metastasis. Previous reports (17-19) have shown 
the relationship of mRNA expression between the primary 
lesions and corresponding liver metastatic lesions in colorectal 
cancer. However, obtaining specimens from metastatic tumors 
appears to be difficult in clinical practice. Ideally, the efficacy 
of chemotherapy for metastatic lesions is predicted by exami-
ning gene expression in the resected primary lesions.

In the present study, we investigated the correlation of 
TS, TP, DPD, OPRT and ERCC1 mRNA expression in a 
primary lesion, and the comparison between the expression 
of primary lesions and those of corresponding synchronous 
or metachronous liver metastatic lesions using laser capture 
microdissection and real-time PCR methods. Moreover, we 
analyzed the relationship between the response of FOLFOX 
treatment and the levels of TS, TP, DPD, OPRT and ERCC1 
mRNA expression.

Materials and methods

Clinical samples of patients. Formalin-fixed paraffin-  
embedded (FFPE) specimens obtained from 70 patients 
(24 females and 46 males) with primary colorectal cancer 
who underwent surgery at our institute between 2005 and 
2009 were used to investigate the correlation of TS, TP, DPD, 
OPRT and ERCC1 mRNA expression in primary colorectal 
cancer. The median age of the patients was 65 years (range, 

32-85). The carcinomas at the time of primary tumor resection 
were staged according to the UICC classification. These cases 
included stage I, 2 cases; stage II, 17 cases; stage III, 9 cases; 
and stage IV, 42 cases.

Of the 70 patients, 30 patients with liver metastasis, which 
included 15 synchronous and 15 metachronous liver metas-
tases, underwent biopsy or potentially curative resection of 
liver metastatic tumors. Of 15 patients with metachronous 
liver metastasis, 10 patients received adjuvant chemotherapy 
with oral 5-FU drugs for 6 months following the resection 
of primary lesions. Previous adjuvant chemotherapy was 
completed at least 6 months prior to inclusion. FFPE specimens 
of liver metastatic tumors in these 30 patients were examined 
for the expression profiles of TS, TP, DPD, OPRT and ERCC1 
mRNA. We analyzed the alteration of these mRNA levels and 
the correlation of the expression of these enzymes in primary 
lesions and liver metastatic lesions.

Of the 70 patients, 45 patients with unresectable liver 
metastasis (39 synchronous and 6 metachronous metastasis) 
who received mFOLFOX6 (5) as the first-line chemotherapy 
were used to investigate the relationship between the mRNA 
level of each enzyme and the efficacy of mFOLFOX6 treat-
ment. The response to mFOLFOX6 treatment was evaluated 
during 4 to 6 courses of the treatment according to the 
Response Evaluation Criteria in Solid Tumors (RECIST 
version 1.1). We defined complete response (CR), partial 
response (PR) and stable disease (SD) as a responder group, 
and progressive disease (PD) as a non-responder group. The 
response was observed as follows: CR in one patient, PR in 
20 patients, SD in 13 patients, and PD in 11 patients.

This study was performed in accordance with the ethics 
guidelines for clinical research with the approval of our insti-
tutional ethics committee. Informed consent was obtained 
from the individuals included in the study.

Laser capture microdissection and RNA extraction. A repre-
sentative FFPE tumor specimen was selected by a pathologist 
following examination of the hematoxylin and eosin-stained 
slides. Sections (10-µm) were stained with neutral fast red to 
enable visualization of histology for laser capture microdis-
section (P.A.L.M. Microlaser Technologies AG, Munich, 
Germany), which was performed to ensure that only tumor 
cells were studied. RNA was isolated from FFPE specimens 
using a novel, proprietary procedure (Response Genetics, 
Los Angeles, CA, USA). Following RNA isolation, cDNA 
was obtained from each sample according to a previously 
described procedure (20).

PCR quantification of mRNA expression. Target cDNA 
sequences were amplified by quantitative PCR using a 
fluorescence-based real-time detection method (ABI PRISM 
7900, Applied Biosystems, Foster City, CA, USA). The 25 µl 
PCR reaction mixture contained 600 nmol/l of each primer, 
200 nmol/l each of dATP, dCTP and dGTP, 400 µmol/l dUTP, 
5.5 mmol/l MgCl2, and 1X TaqMan buffer containing a refer-
ence dye (all reagents were supplied by Applied Biosystems). 
The PCR conditions were 50˚C for 10 sec and 95˚C for 10 min, 
followed by 42 cycles at 95˚C for 15 sec and 60˚C for 1 min. 
The information on the primer sequence and probes used for 
TS, TP, DPD, OPRT and ERCC1 were described in previous 
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reports (17,18). The level of expression for each mRNA is the 
ratio against the amounts of β-actin used as an internal control. 

Statistical analysis. The Pearson product-moment correlation 
coefficient was used to determine the correlations between the 
expression of each of the studied mRNA molecules and other 
molecules in primary colorectal cancer, and to analyze the 
correlation of expression of each of the studied mRNA mole-
cules between primary colorectal cancer and corresponding 
liver metastatic cancer. To compare the mRNA level of each 
molecule between the responder group and the non-responder 
group, the Wilcoxon signed-rank test was used. The paired t-test 
was used to investigate the alteration of the mRNA level of each 
molecule in the primary tumor with that in the liver metastatic 
tumor. The level of mRNA expression was expressed as the 
mean ± standard deviation. A statistically significant difference 
was noted at P<0.05. Statistical analysis was performed with 
Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA).

Results

Correlation of TS, TP, DPD, OPRT and ERCC1 mRNA 
expression in 70 primary lesions of colorectal cancer patients. 
TS mRNA expression positively correlated with OPRT and 
ERCC1 mRNA expression but the tendency was weak (r=0.43, 
p=0.0002; r=0.31, p=0.009, respectively) (Fig. 1). There was a 
marked and positive correlation between TP and DPD mRNA 
expression (r=0.82; p<0.0001) and a weak correlation between 
TP and ERCC1 mRNA expression (r=0.25; p=0.04) (Fig. 1). 
ERCC1 mRNA expression was correlated weakly with OPRT 
mRNA expression (r=0.49; p<0.0001) (Fig. 1). No other 
significant correlations were observed.

Alteration of TS, TP, DPD, OPRT and ERCC1 mRNA 
expression in primary lesions and liver metastatic lesions. A 
comparison between the levels of TS, TP, DPD, OPRT and 
ERCC1 mRNA expression in primary lesions (n=30) and 
that in synchronous (n=15) or metachronous (n=15) liver 
metastatic lesions was performed. Results showed that OPRT 
and ERCC1 mRNA expression was significantly decreased in 
synchronous liver metastatic lesions as compared to primary 
lesions (p=0.036 and p=0.044, respectively) (Table I). No 
other significant differences were found in primary and liver 
metastatic lesions.

Correlation of TS, TP, DPD, OPRT and ERCC1 mRNA 
expression in primary lesions and corresponding synchro-
nous and metachronous liver metastatic lesions. The 
expression of all of the genes in primary colorectal cancer 
lesions positively correlated with those in corresponding liver 
metastatic lesions (Fig. 2). Marked correlations were found 
between TP and DPD mRNA expression in primary lesions 
and that in liver metastatic lesions (r=0.8; p<0.0001, r=0.75; 
p<0.0001, respectively) (Fig. 2). Weak correlations between 
primary lesions and liver metastatic lesions were found in 
TS, DPD and ERCC1 mRNA expression (r=0.57; p<0.001, 
r=0.52; p=0.003, r=0.68; p<0.0001, respectively) (Fig. 2). 
When the metastatic pattern was divided into synchronous 
metastasis and metachronous metastasis, there were marked 
correlations between primary lesions and synchronous liver 

metastatic lesions in TS, TP, DPD, OPRT and ERCC1 mRNA 
expression (Fig. 2). Regarding metachronous liver metastatic 
lesions, there were weak correlations between primary lesions 
and liver metastatic lesions in TS, TP and ERCC1 mRNA 
expression, while no correlations were observed in TP and 
DPD mRNA expression (Fig. 2). 

The relationship between the response of FOLFOX and the 
level of TS, TP, DPD, OPRT and ERCC1 mRNA expression in 
primary colorectal cancers. The level of TS and TP mRNA in 
the responder group (n=34) was significantly lower than that in 
the non-responder group (n=11) (p=0.017 and p=0.04, respec-
tively) (Fig. 2). No significant differences were found between 
the level of DPD, OPRT and ERCC1 mRNA in the responder 
group and in the non-responder group (Fig. 3).

Figure 1. The correlation of TS, TP, DPD, OPRT and ERCC1 mRNA levels 
in 70 primary lesions of advanced colorectal cancer patients. The level of 
expression of each mRNA was expressed as the ratio to the amounts of 
β-actin mRNA expression. The indicated statistical analysis was performed 
by Pearson product-moment correlation coefficient. 
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Discussion

Previously, 5-FU-based chemotherapy was performed for 
metastatic colorectal cancer patients and has also been 
administered to patients who underwent curative surgery for 

colorectal cancer as adjuvant chemotherapy (21). However, 
predictive markers for chemosensitivity to 5-FU and prog-
nostic factors have been investigated to select eligible patients 
with colorectal cancer. Among genes that are correlated 
with the 5-FU metabolic pathway, TS, TP, DPD and OPRT 

Table I. The level of mRNA expression in primary colorectal cancer and liver metastatic cancer.

 Synchronous liver metastasis (n=15) Metachronous liver metastasis (n=15)
 --------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------
 Primary lesions Liver metastatic lesions P-value Primary lesions Liver metastatic lesions P-value

TS 2.92±1.6 2.47±1.32 0.14 3.03±1.6 3.4±2.2 0.23
TP 3.41±3.57 3.61±4.72 0.79 1.61±0.8 2.05±1.41 0.12
DPD 0.23±0.24 0.3±0.29 0.16 0.19±0.12 0.22±0.11 0.15
OPRT 1.14±0.78 0.81±0.45 0.036 0.92±0.28 0.86±0.52 0.34
ERCC1 1.72±0.7 1.45±0.48 0.044 1.5±0.62 1.31±0.65 0.19

The mRNA expression was presented as the mean ± SD.

Figure 2. The correlation of TS, TP, DPD, OPRT and ERCC1 mRNA levels between primary lesions and corresponding liver metastatic lesions in 30 colorectal 
cancer patients with liver metastasis. The indicated statistical analysis was performed by Pearson product-moment correlation coefficient.
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expression have been intensively assessed by real-time PCR, 
enzyme-linked immunosorbent assay (ELISA), and immuno-
histochemical methods. Thus, a number of investigators have 
reported the relationship between these expression profiles and 
clinical significance in predicting the efficacy of 5-FU treat-
ment for metastatic colorectal cancer (6-10) and curatively 
resected colorectal cancer patients (12,13). Recent standard 
chemotherapy for metastatic colorectal cancer has consti-
tuted multiple combinations of anti-cancer drugs with 5-FU. 
FOLFOX treatment has been recommended for metastatic 
colorectal cancer patients as the first- or second-line chemo-
therapy (1-4) and for stage III colon cancer patients as adjuvant 
chemotherapy (22). Oxaliplatin is classified as one of the 
platinum-based chemotherapeutic agents, along with cisplatin. 
However, its function is different from that of cisplatin as it has 
a 1,2-diaminocyclohexane carrier ligand in its chemical struc-
ture (23). Its cytotoxic effects are induced by the direct binding 
to interstrand DNA, interfering with DNA transcription and 
replication. ERCC1 is essentially involved in the recognition 
and removal of the platinum-DNA adducts (15). Thus, high 
levels of ERCC1 expression in cancer tissues attenuate the 
chemosensitivity of oxaliplatin (24,25).

In the present study, we examined the mRNA expression 
of the 5-FU/oxaliplatin metabolism-related genes, including 
TS and ERCC1, in colorectal cancer patients with liver metas-
tasis receiving FOLFOX treatment as first-line chemotherapy. 
Although there are only a few reports that have focused on the 
expression levels of those mRNAs to predict the efficacy of 
FOLFOX treatment, our results show that the levels of TS and 
TP mRNA expression in the responder group was significantly 
lower than that in the non-responder group, and was similar 
to previous reports (9,10). Shirota et al demonstrated that low 
levels of TS and ERCC1 mRNA expression in liver metastatic 
tumors or recurrent colorectal tumor masses had favorable 
responses and prolonged survival compared with high levels 
of expression in colorectal cancer patients receiving a combi-
nation of 5-FU and oxaliplatin chemotherapy as the second- or 
third-line treatment using the laser capture microdissection 
method (9). Using immunohistochemistry, findings of another 
report have shown that a negative TS expression had a better 
response for 5-FU/oxaliplatin than a positive TS expression, 
while ERCC1 expression was not associated with the response 
to 5-FU/oxaliplatin chemotherapy as the first-line chemo-
therapy (10). Our study may be the first report to demonstrate 
the correlation between TS and TP mRNA expression of 

primary tumors and the efficacy of the first-line FOLFOX 
treatment in colorectal cancer with liver metastasis using 
the laser capture microdissection method. Prior to the era of 
FOLFOX treatment for metastatic colorectal cancer, patients 
with colorectal cancer receiving 5-FU treatment were surveyed 
to identify the predictive markers for chemotherapy outcome. 
Since then, TS and TP expression have been considered to 
be useful indicators to predict the efficacy of chemotherapy 
and prognosis in metastatic colorectal cancer patients (6-8). 
Our results suggest that even if 5-FU treatment changes to 
FOLFOX treatment, the evaluation of TS and TP mRNA 
expression in primary colorectal cancer tissues is likely to be 
useful in the prediction of the efficacy of FOLFOX treatment 
in colorectal cancer patients with liver metastasis, although 
it may be difficult to evaluate the efficacy of oxaliplatin by 
ERCC1 expression alone.

Regarding the comparison between the mRNA level of TS, 
TP, DPD, OPRT and ERCC1 expression in primary colorectal 
cancer lesions and that in synchronous or metachronous 
liver metastatic lesions, OPRT and ERCC1 mRNA levels 
were significantly decreased in synchronous liver metastatic 
lesions and no alteration of the TS and TP mRNA levels was 
observed. Although these investigations have previously been 
reported (16-19,26,27), the results remain controversial. This 
discrepancy may be caused by the difference in methodology 
and study population. As for TS mRNA expression, almost all 
reports have demonstrated supportive results that there was 
not a significant alteration between primary tumor and liver 
metastatic tumor (17,19,26,27), while it has been reported that 
the TS mRNA levels in metachronous liver metastases were 
higher than those in primary tumors (18). This evidence led 
us to the conclusion that examining the TS mRNA level in 
primary colorectal cancer tissue as a predictive indicator of 
chemosensitivity is sufficient and it is not necessary to know 
the TS mRNA level in liver metastatic cancer tissue.

We further demonstrated the significant correlation of TS, 
TP, DPD, OPRT and ERCC1 mRNA levels between primary 
colorectal cancer lesions and liver metastatic lesions. The 
correlation between synchronous liver metastatic lesions and 
primary lesions was stronger than that of metachronous liver 
metastatic lesions with regard to the mRNA level of the genes 
that we examined. This difference means the acquisition of 
tumor heterozygosity when the metachronous liver metastasis 
developed, and it may be caused by the effect of adjuvant 
chemotherapy with oral administration of 5-FU in the stage III 

Figure 3. A comparison of TS, TP, DPD, OPRT and ERCC1 mRNA levels of 45 primary lesions in colorectal cancer patients with liver metastasis between the 
responder group (R) (n=34) and the non-responder group (NR) (n=11). 
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colorectal cancer patients following curative resection of 
colorectal cancer. Previous studies (17-19) that analyzed the 
correlation of mRNA expression between primary colorectal 
cancer lesions and liver metastatic lesions have demonstrated 
similar results to our current results. In particular, the significant 
correlation of TS mRNA expression was consistent with our 
results. These experiments were performed by almost identical 
methods using FFPE samples. Another study (26) has shown 
that no correlations of TS, TP, DPD and OPRT mRNA expres-
sion were found in primary colorectal tumors and corresponding 
metastatic liver tumors using frozen tissues. In this case, the 
different results may be explained by the different materials 
used for RNA extraction. When FFPE samples are used through 
the laser capture microdissection method, the amount of mRNA 
expression reflects almost all cancer cells. However, it is likely 
that the frozen tissues include interstitial component cells with 
the exception of cancer cells. For this reason, the difference 
between component cells of primary colorectal cancer tissues 
and liver metastatic cancer tissues could affect these results. 
Therefore, when a comparison of mRNA expression among 
different organs is performed, the RNA extraction method 
through laser capture microdissection appears to be better since 
the mRNA expression of target genes reflects the product of 
cancer cells without interstitial component cells.

When the mRNA level of all molecules was compared 
among primary colorectal cancer tissues, there were signifi-
cant correlations among TS, OPRT and ERCC1, and a strong 
correlation was observed between TP and DPD. The correla-
tion between TS and OPRT mRNA levels has already been 
documented in a previous report (26). These enzymes may 
work in a coordinated manner as a critical step in the de novo 
pathway of DNA synthesis. Thus, the alteration of OPRT 
mRNA expression may be associated with that of TS mRNA 
expression. Regarding the correlation between TS and OPRT 
expression, the combination of OPRT with a high expression 
and TS with a low expression is considered to be effective for 
chemotherapy (28). Moreover, a weak correlation was found 
between TS and ERCC1 mRNA expression. These results 
suggest that the measurement of only TS mRNA expression is 
adequate to predict the efficacy of chemotherapy without the 
measurement of OPRT and ERCC1 mRNA expression. The 
strong correlation between TP and DPD has been described 
in numerous previous reports (17,19,26,29-32). This consistent 
result indicated that this correlation is adequate to examine 
either TP or DPD mRNA expression. In terms of clinical 
significance, the lower expression of TP and DPD had a better 
response to 5-FU treatment for colorectal cancer patients (8).

Progress in systemic chemotherapy, including molecular-
targeted therapy for metastatic colorectal cancer, enables 
conversion therapy. As such, unresectable metastatic tumors 
become resectable (33). A strong correlation has been reported 
between response rates and the liver resection rate in patients 
with isolated liver metastases (34). The addition of bevaci-
zumab (35) to the FOLFOX and FOLFIRI regimens, or the 
addition of cetuximab (36) in cases with wild-type KRAS 
expression, has been suggested to be effective. Oncologists 
tend to spend their efforts on how to use monoclonal anti-
bodies to increase the response rate for metastatic colorectal 
cancer. However, when we consider the root of chemotherapy, 
it remains important to predict the efficacy of FOLFOX, 

which is a basic regimen of multi-drug combination therapy. 
Furthermore, the present results showing that the mRNA 
expression profiles in primary colorectal cancer lesions 
correlated strongly with those in synchronous liver metastatic 
lesions would be useful to predict the efficacy of FOLFOX for 
metastatic lesions. As a result, an increase in the probability of 
actual conversion therapy is likely to occur.

Taken together, our current results indicate that the 
measurement of the TS and TP mRNA levels may estimate the 
ERCC1, OPRT and DPD mRNA levels in primary colorectal 
cancer and may be useful in the prediction of the efficacy of 
FOLFOX treatment in liver metastatic lesions, particularly 
synchronous liver metastatic lesions, reflecting the mRNA 
expression profiles of all molecules in primary colorectal 
cancer tumor. This evidence may contribute to the clinical 
application for future strategies, including conversion therapy.
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