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Abstract
AIM: To determine whether expression of certain en-
zymes related to 5-fluorouracil (5-FU) metabolism pre-

dicts 5-FU chemosensitivity in cholangiocarcinoma (CCA).

METHODS: The histoculture drug response assay 
(HDRA) was performed using surgically resected CCA 
tissues. Tumor cell viability was determined morpholog-
ically with hematoxylin and eosin- and terminal deoxy-
nucleotide transferase-mediated dUTP nick-end label-
ing-stained tissues. The mRNA expression of thymidine 
phosphorylase (TP), orotate phosphoribosyl transferase 
(OPRT), thymidylate synthase (TS), and dihydropyrimi-
dine dehydrogenase (DPD) was determined with real-
time reverse transcriptase-polymerase chain reaction. 
The levels of gene expression and the sensitivity to 5-FU 
were evaluated.

RESULTS: Twenty-three CCA tissues were obtained 
from patients who had been diagnosed with intrahe-
patic CCA and who underwent surgical resection at 
Srinagarind Hospital, Khon Kaen University from 2007 
to 2009. HDRA was used to determine the response of 
these CCA tissues to 5-FU. Based on the dose-response 
curve, 200 μg/mL 5-FU was selected as the test con-
centration. The percentage of inhibition index at the 
median point was selected as the cut-off point to differ-
entiate the responding and non-responding tumors to 
5-FU. When the relationship between TP, OPRT, TS and 
DPD mRNA expression levels and the sensitivity of CCA 
tissues to 5-FU was examined, only OPRT mRNA ex-
pression was significantly correlated with the response 
to 5-FU. The mean expression level of OPRT was sig-
nificantly higher in the responder group compared to 
the non-responder group (0.41 ± 0.25 vs  0.22 ± 0.12, 
P  < 0.05). 

CONCLUSION: OPRT mRNA expression may be a use-
ful predictor of 5-FU chemosensitivity of CCA. Whether 
OPRT mRNA could be used to predict the success of 
5-FU chemotherapy in CCA patients requires confirma-
tion in patients.
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INTRODUCTION
Cholangiocarcinoma (CCA), a bile duct epithelial tumor, 
has poor prognosis owing to the absence of  an early 
diagnostic method and effective treatments. The only 
curative therapy is surgical resection, but most CCA pa-
tients are diagnosed at an unresectable stage. Therefore, 
chemotherapy is the only practical treatment[1]. 

5-fluorouracil (5-FU) is one of  the most common 
anticancer agents and is used to treat a variety of  solid tu-
mors. 5-FU alone or 5-FU-based regimens are widely used 
to treat CCA patients. As reviewed by Thongprasert[2], 
the overall response rate and median survival time follow-
ing treatment with 5-FU for CCA are 10% and 6.5 mo, 
respectively. In addition, a combination of  5-FU and leu-
covorin yields a response rate of  32% and a median sur-
vival time of  6 mo[2]. Combination therapy of  5-FU with 
cisplatin consistently yields response rates of  10%-40%, 
and median survival times are better than those observed 
with 5-FU alone[2]. Combinations of  5-FU with taxanes or 
etoposide, however, have not shown convincing superior-
ity over 5-FU alone for CCA treatment[3,4]. Thus, data ob-
tained from these clinical studies revealed relatively poor 
response rates of  CCA to 5-FU-based regimens.

After entering cells, 5-FU is converted to 5-fluorode-
oxyuridine monophosphate (FdUMP) through interme-
diary molecules by thymidine phosphorylase (TP) and 
orotate phosphoribosyl transferase (OPRT)[5-7]. FdUMP 
then forms a complex with thymidylate synthase (TS), 
leading to inhibition of  DNA synthesis[5]. In addition, 
5-FU can be phosphorylated by OPRT to form 5-fluo-
rouridine monophosphate, and then to 5-fluorouridine 
triphosphate, which is subsequently incorporated into 
RNA, resulting in RNA dysfunction[8]. In the degradation 
pathway, 5-FU is metabolized by dihydropyrimidine de-
hydrogenase (DPD) to an inactive metabolite, 5-fluoro-
dihydrouracil, and subsequently excreted in the urine[9]. 
The resistance of  several cancer types to 5-FU may be 
due to alterations in the expression of  several genes that 
are involved in the metabolism and action of  this drug[10].  
Moreover, the expression and activities of  these enzymes 

have been proposed as markers to predict the response 
to 5-FU of  several cancers such as gastric cancers and 
metastatic colorectal cancer[11-14].

Because 5-FU is the main chemotherapeutic agent for 
treatment of  CCA, elucidating the molecular mechanism 
involved in the response to 5-FU may be useful for the 
treatment of  CCA. In the present study, we examined the 
correlation between mRNA expression of  target genes 
involved in 5-FU metabolism and the chemosensitivity 
of  cancer tissues to 5-FU in 23 CCA patients.

MATERIALS AND METHODS
Chemicals
Hank’s balanced salt solution (HBSS), RPMI 1640 me-
dium, fetal bovine serum, penicillin, and streptomycin 
were purchased from GIBCO BRL (Grand Island, NY, 
United States). Collagen gel sponges were purchased from 
Pharmacia and Upjohn (Kalamazoo, MI, United States). 
5-FU was provided by Fresenius Kabi Oncology Ltd. 
(Hayarna, India). The DeadEnd Colorimetric Terminal 
deoxynucleotide transferase-mediated dUTP nick-end 
labeling (TUNEL) system was purchased from Promega 
(Madison, WI, United States). TRIzol reagent was pur-
chased from Invitrogen (Carlsbad, CA, United States). 
The TaqMan® gene expression assay kit and TaqMan 
Universal polymerase chain reaction (PCR) master mix 
with AmpErase UNG were purchased from Applied Bio-
systems (Foster City, CA, United States). 

CCA tissues
Twenty-three samples of  CCA tissues were obtained 
from patients who had been diagnosed with intrahepatic 
CCA and who underwent surgical resection at the De-
partment of  Surgery, Srinagarind Hospital, Khon Kaen 
University between 2007 and 2009. The histological types 
of  the CCA tissues were classified according to the World 
Health Organization classification. Of  these patients, 
69.6% were men. The median age of  the CCA patients 
was 61 years (range: 42-70 years). Written informed con-
sent was obtained from all patients before the collection 
of  tumor tissues. The study protocol was approved by 
the Khon Kaen Ethics Committee for Human Research, 
Khon Kaen University, Thailand (HE500501).

Histoculture drug response assay
After surgery, the tumor tissues were immediately trans-
ferred to the laboratory in HBSS containing 100 IU/mL 
penicillin and 100 μg/mL streptomycin. Histoculture drug 
response assay (HDRA) was performed as described[15] 
with some modifications. Cubes of  collagen gel sponge 
(1 cm3) were immersed in 1 mL RPMI 1640 containing 
20% fetal bovine serum, 100 IU/mL penicillin, 100 μg/mL 
streptomycin, and 5-FU at final concentrations of  100, 
200, and 400 μg/mL in a 24-well plate. After washing six 
times in HBSS, the tumor tissues were aseptically cut into 
small pieces using biopsy punches (3 mm diameter), placed 
on the collagen gel sponges, and cultured at 37 ℃ for 4 d 
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in a 5% CO2 atmosphere. Duplicate tissue cultures were 
performed for each drug concentration. Wells containing 
culture medium without 5-FU were used as controls.

After 4 d of  culture, the viability of  tumor cells in the 
cultured tissues was examined with histology. Hematoxylin 
and eosin (HE) and TUNEL staining were used to assess 
cell viability[15]. In brief, tissues were fixed in 4% formalde-
hyde and embedded in paraffin, and 4-μm tissue sections 
were cut. Deparaffinized sections were rehydrated, stained 
with HE and TUNEL, and examined under a microscope. 
In situ TUNEL was carried out according to the manufac-
turer’s instructions. TUNEL-positive cells were quanti-
fied in at least four high-power fields (× 40) of  randomly 
selected tissue sections. The total live tumor cells showing 
anaplastic characteristics with hyperchromatic nuclei/cyto-
plasm were counted and scored as the percent of  the total 
tumor cells. TUNEL-stained tumor cells were identified 
as dead cells. The efficacy of  5-FU was calculated and ex-
pressed as the inhibition index (% I.I.) using the following 
formula: % I.I. = (1 - % living tumor cells in 5-FU-treated 
tumor tissue/% living tumor cells in control tissue) × 100. 
The % I.I.s at various concentrations of  5-FU ranging 
from doses of  100-400 μg/mL were determined. 

Determination of mRNA expression 
The mRNA expression of  target genes including those 
encoding TS, DPD, TP, OPRT and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) in CCA tissues was de-
termined by reverse transcription and quantitative real-
time PCR. In brief, total RNA of  each CCA tissue was 
isolated using TRIzol reagent according to the manufac-
turer’s protocol. Reverse transcription was performed as 
described[16].

The mRNA expression of  the target gene was deter-
mined using the TaqMan® gene expression assay kit ac-
cording to the manufacturer’s instructions. Real-time PCR 
was performed in 20-μL PCR reactions containing Taq-
Man Universal PCR master mix, target-specific primers, 
one TaqMan® MGB FAM™ dye-labeled probe, and 50 ng 
cDNA. Each PCR was carried out in duplicate. The PCR 
conditions were 50 ℃ for 2 min and 95 ℃ for 10 min, fol-
lowed by 40 cycles at 95 ℃ for 15 s and 60 ℃ for 1 min. 
All data were analyzed using the ABI PRISM 7500 Real-
time PCR system sequence detection software v.1.4 (Ap-
plied Biosystems). The quantity of  target cDNA or GAP-
DH PCR product was calculated using the corresponding 
standard curve, and the amount of  target cDNA in a 
given sample was normalized to that of  GAPDH cDNA.

Statistical analysis 
The Student’s t-test was used to compare the % I.I. val-
ues between the responder and non-responder groups. 

RESULTS
Microscopic examination of CCA tissues after HDRA
HE- and TUNEL-stained sections of  control and 5-FU 
treated CCA tissues  are shown in Figure 1. After 4 d of  
culture on the collagen gel sponge, the CCA tissue archi-

tecture including cell-to-cell contact was well maintained. 
Most of  the tumor cells were alive and showed anaplastic 
characteristics with hyperchromatic nuclei/cytoplasm 
(short arrows). On the other hand, cells with eosinophilic 
cytoplasm, shrunken (condensed) nuclei (pyknotic nu-
clei), and fragmented nuclei (karyorrhexis, indicated by 
long arrows) were found in 5-FU-treated cells. TUNEL-
stained tumor cells were identified as dead cells. The mean 
percentage of  living tumor cells in control tissues at day 4 
was 83.3% ± 14.2% of  those observed at day 0. In addi-
tion, the proportion of  viable tumor cells in control con-
dition gradually decreased on days 5, 6 and 7 of  culture; 
therefore HDRA of  CCA tissues was performed for 4 d. 

Response of CCA tissues to 5-FU
The responses of  CCA tissues to various concentrations 
of  5-FU ranging from 100-400 μg/mL were determined 
using CCA tissues obtained from five patients. Dose-
dependent responses of  CCA tissues to 5-FU were ob-
served (Figure 2). From these results, a 5-FU concentra-
tion of  200 μg/mL was selected as the test concentration. 
The % I.I. values for 5-FU (200 μg/mL) treatment of  23 
CCA tissues are shown in Figure 3. The median % I.I. 
value was selected as the cut-off  to classify CCA tissues 
as responders or non-responders (Figure 3). 

Relationship between the expression of target genes 
and the sensitivity to 5-FU 
For each CCA tissue, mRNA expression was quantified 
with real-time PCR using specific TaqMan probes for 
genes encoding enzymes involved in the 5-FU metabolic 
pathway, including TS, DPD, TP and OPRT. Moderate 
variability in the expression levels of  TS, TP and OPRT 
mRNA normalized to GAPDH expression among indi-
vidual samples was observed (24-fold, range: 0.05-1.22; 
33-fold, range: 0.13-4.27, and 17-fold, range: 0.06-1.02, 
respectively), whereas high variability was observed for 
DPD expression (135-fold, range: 0.05-6.76).

Scattered, overlapping expression levels of  these 
genes were observed in the responder and non-responder 
groups. However, the mean expression level of  OPRT 
was significantly higher in the responder group compared 
to the non-responder group (0.41 ± 0.25 vs 0.22 ± 0.12, 
P < 0.05, Figure 4). The mean expression levels of  TS, 
DPD, and TP appeared higher in the responder group 
compared to the non-responder group, but the differenc-
es were not statistically significant (0.26 ± 0.32 vs 0.18 ± 
0.12, P = 0.43; 1.73 ± 1.96 vs 0.74 ± 0.50, P = 0.12; and 
1.60 ± 1.16 vs 1.02 ± 0.72, P = 0.16, respectively; Figure 4). 

DISCUSSION
5-FU is phosphorylated in cells to become an active me-
tabolite that inhibits DNA synthesis and induces RNA 
dysfunction[5,8]. Intra-tumoral gene expression and ac-
tivities of  several enzymes related to 5-FU metabolism 
correlate with sensitivity to this drug for the treatment 
of  several cancers[11-14]. Of  the genes we studied, OPRT 
seems to have predictive power and may be a promising 
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marker. High enzymatic activity of  OPRT in tumor tis-
sues is associated with high sensitivity of  urinary bladder 
cancer[17] and colorectal cancer[18] to 5-FU. In addition, 
OPRT mRNA or the ratio of  OPRT/DPD mRNA is as-
sociated with prolonged survival of  metastatic colon can-
cer patients receiving oral tegafur-uracil and leucovorin[11] 
and colorectal liver metastasis patients receiving intra-ar-
terial chemotherapy with 5-FU[19]. In addition, combined 

expression of  OPRT and TS in pre-chemotherapeutic 
fresh-frozen samples obtained from primary tumors 
may predict the response to S-1, an oral DPD-inhibiting 
fluoropyrimidine, in metastatic gastric cancer patients[20]. 
Consistent with the previous studies, we observed here 
that intratumoral expression of  OPRT mRNA in the 
responder group was significantly higher than expression 
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Control 5-FU 200 µg/mL

HE
staining

TUNEL
staining

Figure 1  Photomicrographs (40 ×) of hematoxylin and eosin-stained and terminal deoxynucleotide transferase-mediated dUTP nick-end label-stained 
sections of cholangiocarcinoma tissues cultured on collagen gel sponges for 4 d in the absence or presence of 5-fluorouracil. Tumor cells with anaplastic 
characteristics showing hyperchromatic nuclei/cytoplasm are indicated with short arrows. Cells with eosinophilic cytoplasm with shrunken (condensed) nuclei (pyk-
notic nuclei) and fragmented nuclei (karyorrhexis) are indicated with long arrows. 5-FU: 5-fluorouracil; HE: Hematoxylin and eosin; TUNEL: Terminal deoxynucleotide 
transferase-mediated dUTP nick-end label
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Figure 2  Dose-response-curve of cholangiocarcinoma tissues to 5-fluoro-
uracil. Sensitivities of five cholangiocarcinoma tissues to 5-fluorouracil (5-FU) 
are shown as the percent of inhibition index (% I.I.), which was evaluated at 
doses of 100 μg/mL, 200 μg/mL, and 400 μg/mL using histoculture drug re-
sponse assay. Data are the mean ± SD of two independent experiments.
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Figure 3  Distribution of percent of inhibition index of 23 cholangiocarci-
noma tissues to 200 μg/mL 5-fluorouracil. Sensitivities of 23 cholangiocarci-
noma (CCA) tissues to 5-fluorouracil (5-FU) were evaluated at 200 μg/mL 5-FU 
using histoculture drug response assay (HDRA). The median value of % I.I. 
(36.5%) was selected as the cut-off for classifying these tissues as responders 
and non-responders. Each circle represents one CCA sample. The median is 
shown by the long, thin horizontal line. 
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in the non-responder group. These results suggest that 
the OPRT mRNA level in CCA tissues may be a promis-
ing predictor of  an in vitro sensitivity to 5-FU using the 
HDRA technique. It should be noted that we observed 
overlapping expression levels of  each gene among re-
sponder and non-responder tumors. 

We observed moderate variability in the expression 
levels of  TS, TP, and OPRT mRNA among individual 
samples (24-fold, 33-fold and 17-fold, respectively). The 
moderate differences in OPRT and TS expression levels 
observed in the present study were similar to those previ-
ously observed in gastric carcinoma and colorectal tis-
sues[21,22]. Similar to the variability reported in colorectal[22] 
and esophageal carcinoma[23], we observed high variability 
in the expression of  DPD among CCA tissues. Genetic 
polymorphisms of  genes encoding TP, DPD, TS and 
OPRT are well known[24-27]. Variable expression of  DPD, 
TP, TS and OPRT may explained by genetic polymor-
phisms in these genes.

TP is the first enzyme involved in the metabolic acti-
vation pathway of  5-FU to 5-fluorodeoxyuridine (FUdR), 
which can be phosphorylated by thymidine kinase to 
form FdUMP[28]. In this study, no relationship was found 
between the intratumoral expression of  TP mRNA and 
the sensitivity to 5-FU. In addition to TP, that the rate of  
conversion of  5-FU to FUdR could be influenced by the 
availability of  the TP cofactor, deoxyribose-1-phosphate 

(dRib-1-P) in cells[29]. It has been previously demon-
strated that the addition of  dRib-1-P greatly increases 
the incorporation of  thymidine into DNA and increases 
the potency of  the growth-inhibitory actions of  5-FU[30]. 
Thus, it may be possible that the amount of  dRib-1-P in 
CCA tissues may be limited. Similar observations have 
been reported in colorectal tumor that there was no rela-
tionship between TP expression and 5-FU sensitivity[31,32].

TS is a key enzyme that catalyzes the methylation of  
deoxyuridine monophosphate to deoxythymidine mono-
phosphate, an important step in DNA synthesis[33]. Colon 
cancer patients with high TS expression are reportedly 
un-responsive to 5-FU and show poor prognosis[34]. In 
contrast, tumoral expression of  TS mRNA is associated 
with response to protracted infusions of  5-FU-based 
chemotherapy and survival in patients with disseminated 
colorectal cancer[35]. Consistent with a report on colorec-
tal tumors[36], no relationship between TS expression and 
sensitivity to 5-FU in CCA in vitro was observed in our 
present study.

DPD is a major enzyme in the metabolism of  5-FU 
to an inactive metabolite. Some reports have suggested a 
negative correlation between 5-FU sensitivity and DPD 
activity in human stomach cancer cells[37]. In patients with 
advanced colorectal cancer treated with 5-FU/leucovorin, 
patients who responded to the treatment exhibited low 
levels and a narrow distribution range of  DPD mRNA 
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expression compared to the non-responder group[32]. In 
the present study, DPD mRNA expression was apparent-
ly higher in the responders than in the non-responders. 
However, no clear relationship was found between DPD 
mRNA expression and 5-FU sensitivity. 

In conclusion, we developed HDRA as an in vitro 
screening of  the response of  CCA tissues to 5-FU. We 
found that the level of  OPRT mRNA may be a promis-
ing predictor of  CCA sensitivity to 5-FU. Whether the 
OPRT mRNA level could be used as a predictor of  the 
success of  5-FU chemotherapy in CCA patients needs to 
be confirmed further in patients.
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