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Background: Although dihydropyrimidine dehydrogenase (DPD) expression has been reported to 
correlate with 5-fluorouracil (5-FU) resistance in several cancers, the relationship between DPD expression 
and chemotherapeutic resistance to 5-FU remains unclear in head and neck squamous cell carcinoma 
(HNSCC). The purpose of this study was to determine the impact of DPD expression on 5-FU sensitivity 
and survival in HNSCC patients receiving 5-FU-based treatment.
Methods: To study the correlation between DPD expression and clinical outcome of HNSCC patients 
who had undergone concurrent chemoradiotherapy with 5-FU-based regimens, we first examined DPD 
mRNA expression of these patient samples. We next developed a 5-FU-resistant HNSCC cell line (HSC-3R)  
to clarify the association between DPD expression and 5-FU resistance. Clonogenic survival assay was 
performed to determine the sensitivity of HSC-3 cells and HSC-3R cells to 5-FU. DPD expression levels in 
parental HSC-3 and HSC-3R cell lines were then examined by Western blotting and real-time quantitative 
polymerase chain reaction analysis. Lastly, we performed WST-8 assay to examine the effects of 5-Chloro-
2,4-dihydroxypyridine (CDHP), a 5-FU modulator to competitively inhibit DPD, on 5-FU cytotoxicity in the 
HSC-3 and HSC-3R cells, to evaluate if inhibition of DPD can restore the sensitivity of HNSCC cells to 5-FU. 
Results: Nineteen HNSCC patients who had undergone concurrent chemoradiotherapy with 5-FU-based 
regimens were enrolled in this study. The cut-off value for DPD mRNA expression calculated from the 
ROC curve was 8.53 against cancer-specific survival of these patients. The high-level DPD expression group 
showed significantly shorter overall and cancer-specific survival compared to the low-level DPD expression 
group (P=0.0018 and 0.0004, respectively). Both of protein and mRNA expression levels were greater in the 
HSC-3R cells than that in the HSC-3 cells. While HSC-3R cells showed 12.64-fold greater resistance to 
5-FU compared with HSC-3 cells, the combination of 5-FU with CDHP had a significant inhibitory effect 
on 5-FU cytotoxicity in HSC-3R cells in CDHP exposure. 
Conclusions: In this study, we clarified that the high-level DPD expression group of HNSCC patients 
undergoing concurrent chemoradiotherapy with 5-FU-based regimens showed significantly shorter overall 
survival. The 5-FU-resistant cells established from HNSCC cells showed increased DPD expression and 
attenuated 5-FU resistance induced by CDHP. Our results suggested that a high level of DPD expression 
was correlated with 5-FU resistance and that DPD expression level might be a predictive biomarker in 
5-FU-based chemoradiotherapy for HNSCC patients.
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Introduction

Over the past several decades, the 5-year survival for head 
and neck squamous cell carcinoma (HNSCC) patients has 
not improved despite advances in treatment (1). One of 
the reasons for this is treatment failure due to resistance to 
chemotherapy and/or radiotherapy (2). 5-Fluorouracil (5-
FU) has been widely used for HNSCC patients either in 
chemotherapy alone or in combination with radiotherapy, as 
several studies have shown that 5-FU-based chemotherapy 
or chemoradiotherapy improved survival in HNSCC 
patients (3,4). However, patients with advanced or recurrent 
HNSCC frequently showed chemotherapeutic resistance to 
5-FU, resulting in poor outcomes (5,6). Thus, identifying 
biomarkers of chemotherapeutic resistance to 5-FU is 
crucial to improve survival among HNSCC patients. To 
date, a variety of candidates have been reported as predictive 
markers for 5-FU response (7,8), including the tumor 
expression level of dihydropyrimidine dehydrogenase (DPD), 
an initial and rate-limiting enzyme for degrading 5-FU, 
in colorectal (9,10), gastric (11-14), and breast cancer (15).  
However, the relationship between DPD expression 
levels and chemotherapeutic resistance to 5-FU remains 
unclear in HNSCC. We therefore hypothesized that DPD 
overexpression increases 5-FU resistance in HNSCC cells 
and that overexpression of DPD in cancer cells predicts 
shorter overall survival of HNSCC patients who are treated 
with 5-FU-based chemotherapy in this study. The purpose 
of the present study is to evaluate the significance of DPD 
expression on 5-FU sensitivity and survival of HNSCC 
patients who receive 5-FU based treatment.

Methods

Patients

This study was conducted between October 2009 and 
December 2012 at Department of Otorhinolaryngology, 
Head and Neck Surgery, Yokohama City University, School 
of Medicine, Yokohama, Japan. The protocol was reviewed 
and approved by the institutional review boards of our 
institution (Number of ethical approval; B120112024). 

Of the 22 HNSCC patients who underwent concurrent 
chemoradiotherapy as a prior therapy, three cases who 
did not receive 5-FU-based chemotherapy were excluded. 
Finally, 19 patients were enrolled in this study. Radiotherapy 
was delivered 5 days a week using a single daily fraction of 
1.8 or 2.0 Gray (Gy) for all patients. The median radiation 
dose was 70.2 Gy (range, 60.0–70.2 Gy).

Evaluation of mRNA expression in biopsy specimens

Tumor specimens were obtained prior to treatment initiation. 
Sections (10 μm in thickness) of the areas with the highest 
tumor concentration were obtained from formalin-fixed 
paraffin-embedded (FFPE) tumor specimens, and then 
mounted on uncoated glass slides. Representative sections 
were stained with haematoxylin and eosin by the standard 
method. The regions of interest were selectively isolated by 
laser capture microdissection (P.A.L.M. Microsystem, Leica, 
Wetzlar, Germany), according to the standard procedure (16).  
RNA isolation and cDNA synthesis were conducted as 
described previously (14). Quantification of DPD and 
an internal reference gene (β-actin) was performed using 
a fluorescence-based real-time detection method (ABI 
PRISM 7900 Sequence detection System, TaqMan®, 
Perkin-Elmer (PE) Applied Biosystem, Foster City, CA) 
as described previously (17). Patients were divided into 
the high- and low-level DPD mRNA expression groups 
according to a cut-off value defined using the receiver 
operating characteristic (ROC) curve.

Cell lines

The human HNSCC cell line, HSC-3, was purchased from 
American Type Culture Collections (Rockville, MD). The 
cells were cultured in RPMI-1640 medium containing 10% 
fetal bovine serum (FBS), 100 μg/mL of streptomycin, and 
100 units of penicillin at 37 ℃ with 5% CO2. To establish 
a 5-FU-resistant cell line, HSC-3 cells were treated 
continuously with step-wise concentrations of 5-FU every 
2 weeks up to 40 μmol/L, based on a previous report (13). 
The resultant 5-FU-resistant cell line is hereafter referred 
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to as HSC-3R cells.

Clonogenic survival assay

To determine the sensitivity of HSC-3 cells and HSC-3R 
cells to 5-FU, clonogenic survival assay was performed as 
described previously (18). After plating in 6-well plates in 
triplicate at equal density and subsequent incubation for  
24 hours, the cells were exposed to various concentrations 
(0–400 μmol/L) of 5-FU (Kyowa Hakko Kirin Co., Tokyo, 
Japan). After 48 hours, medium contained 5-FU was removed 
and replaced fresh medium without 5-FU. After 11 to 14 days  
of incubation, the cells were fixed and stained with 0.5% 
crystal violet solubilized in absolute ethanol, and colonies 
with more than 50 cells were counted under a dissection 
microscope. Plating efficacy was defined as the percentage of 
seeded cells in a given cell line that grew into colonies under 
a specific culture condition. The concentrations of 5-FU 
necessary to inhibit growth by 50% (50% maximal effective 
concentration: IC50) and 15% (15% maximal effective 
concentration: IC15) were calculated. Three independent 
experiments were carried out for each treatment.

Water soluble tetrazolium salts-8; 2-(2-methoxy-4-
nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium, monosodium salt (WST-8) assay

To examine the effect of 5-Chloro-2,4-dihydroxypyridine 
(CDHP; Wako Pure Chemical Industries, Osaka, Japan), 
which acts as a 5-FU modulator to competitively inhibit 
DPD in vitro, on 5-FU sensitivity, 1×103 of HSC-3 cells or 
2×103 of HSC-3R cells were seeded on 96-well microplates 
and further incubated for 24 h. Both cell lines were exposed 
to 5-FU, fixed at the respective IC15, in combination 
with various concentrations of CDHP (0.1–100 μmol/L)  
for another 72 hours as described previously (19). The 
cytotoxic effect of the drugs was evaluated by Cell Counting 
Kit-8 (CCK-8, Dojindo Laboratories, Kumamoto, 
Japan) according to the instructions. Three independent 
experiments were carried out for each treatment.

Quantitative RT-PCR

RNA extraction from both cell lines and cDNA synthesis 
were conducted as described previously (20,21). Real-
time PCR was performed on an Applied Biosystems Step 
One Plus real-time PCR system (Applied Biosystems, CA, 
USA) using TaqMan® gene expression assays with the 

following ID numbers (DPD, Hs00559279_m1; β-actin, 
Hs99999903_m1). 

Western blotting analysis

Western blotting analysis was performed to detect DPD 
expression in both cell lines as described previously (22). 
Antibodies were purchased from the following sources 
and used at the indicated dilutions: DPD (1:5,000; Cell 
Signaling Technologies, Danvers, MA) and β-actin (1:1,000; 
Cell Signaling Technologies). 

Statistical analysis 

Chi-square tests were used to examine correlations between 
DPD mRNA expression and patient characteristics. The 
overall survival (OS) was defined as the time from the 
date of diagnosis to the date of death from any cause. The 
cancer-specific survival (CSS) was defined as the time 
from the date of diagnosis to the date of death from the 
cancer in the absence of other causes of death. OS and CSS 
were analyzed using the Kaplan-Meier method with the 
Wilcoxon log-rank test. The ROC curve was calculated 
with EZR (Saitama Medical Center, Jichi Medical 
University) (23) to assess the optimal cut-off value for 
mRNA expression, defined as the point with the highest 
sensitivity and specificity for CSS. Statistical analyses were 
performed using Graph Pad Prism Version 6.05 (Graph Pad 
Software, La Jolla CA). For all comparisons, differences 
with P<0.05 were considered statistically significant. 

Results

Correlation between DPD expression and clinical outcome

HNSCC patients who had undergone concurrent 
chemoradiotherapy with 5-FU-based regimens were 
enrolled, and we evaluated whether DPD expression 
was correlated with their survival prognosis. Patient 
characteristics were summarized in Table 1. Of the 19 
patients, 16 were male, and the median age of patients 
was 70 years (range, 44–81 years). Thirteen patients were 
received 5-FU in combination with cisplatin or carboplatin, 
2 patients received S-1 (an oral f luoropyrimidine 
preparation combining tegafur, oteracil potassium, and 
CDHP), and 4 patients received Uracil-tegafur (UFT) as a 
single agent or in combination with carboplatin. There was 
no patient with toxic death related to radio-chemotherapy 
in this  study.  The patient  information including 
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used treatment regimens was summarized in Table 2.  
The cut-off value for DPD mRNA expression calculated 
from the ROC curve was 8.53 with an area under the 
curve of 0.646 against CSS. Kaplan-Meier analysis showed 
statistically significant shorter OS and CSS for patients 
with DPD expression above the cut-off value as shown in 
Figure 1 (P=0.0018 and 0.0004, respectively). These results 
suggested that high-level DPD expression was correlated 
with shorter OS and CSS in HNSCC patients receiving 
5-FU-based chemoradiotherapy.

Establishment of 5-FU-resistant HNSCC HSC-3R cells

In order to explore the association between DPD expression 
and 5-FU resistance, we next developed a 5-FU-resistant 
HNSCC cell line, HSC-3R. HSC-3R cells could grow 
in the presence of 5-FU concentrations up to 40 μmol/L,  
although HSC-3 cells could not be grown under the same 
conditions (data not shown). As shown in Figure 2, the 
concentration of 5-FU necessary to inhibit cell proliferation 
by 50% (IC50) in HSC-3R was 28.2 μmol/L, which was 
higher than that of the parental HSC-3 cells (2.23 μmol/L).  

Table 1 Patient characteristics

Characteristics No. of patients (%)
DPD mRNA expression

P value
<8.53 (n=17) ≥8.53 (n=2)

Gender 0.30

Male 16 (84.2) 15 1

Female 3 (15.8) 2 1

Age, median [range], (years) 70 [44–81] 0.20

<70 10 (52.6) 10 0

≥70 9 (47.4) 7 2

Clinical stage 1.00

I–II 2 (10.5) 2 0

III–IV 17 (89.5) 15 2

T classification 1.00

T1–T2 5 (26.3) 5 0

T3–T4 14 (73.7) 12 2

N classification 1.00

N0–N1 13 (68.4) 11 2

N2–N3 6 (31.6) 6 0

Primary site 1.00∫

Oropharynx, hypopharynx, larynx 11 (57.9) 10 1

Others 8 (42.1) 7 1

Chemotherapeutic regimen 0.09

Regimen including 5-FU* 13 (68.4) 13 0

Regimen including S-1, UFT** 6 (31.6) 4 2

Cancer specific survival (n=16) 0.05

No evidence of disease 12 (75.0) 12 0

Died of disease 4 (25.0) 2 2

*, Regimen including 5-FU; TPF regimen, docetaxel, cisplatin, and 5-FU; PFML regimen, cisplatin, 5-FU, methotrexate, and leucovorin; **, 
regimen including S-1, UFT; S-1 regimen, UFT and/or carboplatin; ∫, oropharynx, hypopharynx, larynx versus all other subsites.
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Table 2 Summary of patient information

Case 
No.

Age (years)/
gender

Site T stage N stage Regimen
Clinical 
response

Survival
DPD mRNA 
expression

1 71/male Hypopharynx 4 0 5-FU (TPF) CR Died of unrelated 
causes

0.7

2 68/male Larynx 3 0 5-FU (TPF) CR Alive 0.55

3 44/male Nasal cavity 4 0 5-FU (TPF) CR Alive 5.26

4 70/male Oral cavity 4 2 5-FU (PFML) CR Alive 2.06

5 66/male Nasal cavity 4 0 5-FU (TPF) CR Died of disease 1.24

6 64/male Nasal cavity 4 0 5-FU (TPF) CR Alive 2.27

7 81/female Oropharynx 4 0 UFT CR Died of disease 12.21

8 58/male Oropharynx 4 2 5-FU (TPF) CR Alive 3.66

9 56/male Oropharynx 3 2 5-FU (TPF) CR Alive 0.36

10 57/female Oropharynx 2 2 5-FU (TPF) CR Alive 1.56

11 74/male Larynx 2 0 S-1 CR Alive 0.75

12 59/male Oropharynx 3 2 5-FU (TPF) CR Alive 3.66

13 63/male Nasopharynx 3 0 5-FU (PFML) CR Alive 0.58

14 76/male Larynx 2 0 UFT+CBDCA CR Alive 1.28

15 74/male Oropharynx 2 2 5-FU (TPF) CR Alive 5.83

16 74/female Nasal cavity 4 0 5-FU (TPF) PR Alive 0.66

17 78/male Nasal cavity 4 1 UFT + CBDCA SD Died of disease 8.53

18 76/male Hypopharynx 2 1 S-1 PR Died of disease 1.55

19 79/male Nasal cavity 4 0 UFT + CBDCA PR Alive 4.3

DPD, dihydropyrimidine dehydrogenase; TPF, docetaxel + cisplatin + 5-fluorouracil; PFML, methotrexate + leucovorin + cisplatin + 
5-fluorouracil; CBDCA, carboplatin; UFT, Uracil-tegafur; CR, complete response; PR, partial response; SD, stable disease.

Figure 1 Kaplan-Meier curves for the overall and cancer-specific survival of 19 HNSCC patients according to DPD expression level. 
High DPD, patients with higher intratumoral DPD expression than the cut-off value; Low DPD, patients with lower intratumoral DPD 
expression than the cut-off value. DPD, dihydropyrimidine dehydrogenase; HNSCC, head and neck squamous cell carcinoma.
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HSC-3R cells, therefore, showed 12.64-fold greater 
resistance to 5-FU compared with the parental HSC-3 cells. 

High DPD mRNA/protein expression in HSC-3R cells

We next evaluated DPD expression in HSC-3R cells. DPD 
mRNA expression levels in HSC-3 and HSC-3R cells were 
quantified using a real-time RT-PCR technique. As shown 
in Figure 3A, the DPD mRNA expression level in HSC-3R 
cells increased significantly in comparison with that in the 
HSC-3 cells (P=0.0005). DPD protein expression levels in 
both cells were then evaluated by Western blotting analysis. 
The DPD protein expression level was also greater in the 
HSC-3R cells than that in the HSC-3 cells (Figure 3B). 

These results suggested that the increase in DPD expression 
in HSC-3R cells might be associated with 5-FU resistance.

Inhibition of DPD attenuates 5-FU resistance in HSC-3R cells 

Furthermore, we examined the effects of CDHP on 5-FU 
cytotoxicity in the HSC-3 and HSC-3R cells to examine if 
inhibition of DPD can restore the sensitivity of HNSCC 
cells to 5-FU. CDHP alone had no effect on cell growth 
in either cell line (data not shown). Figure 4 shows the 
sensitivity of both cell lines to 5-FU in combination with 
CDHP administration. Both the HSC-3 and HSC-3R cells 
were exposed to 5-FU at their respective IC15 concentrations 
in combination with CDHP at concentrations from  
0.1–100 μmol/L. The IC15 concentration of 5-FU in 
HSC-3 cells was 2 μmol/L, and that in HSC-3R cells was  
20 μmol/L. As shown in Figure 4B, the results of WST-
8 analysis revealed that the combination of 5-FU 
with CDHP had a significant inhibitory effect on 
5-FU cytotoxicity in HSC-3R cells in 1–100 μmol/L  
concentration of CDHP exposure. In contrast, the addition 
of any concentration of CDHP did not alter the cytotoxicity 
of 5-FU in HSC-3 cells (Figure 4A). These results suggested 
that inhibition of DPD using CDHP attenuates 5-FU 
resistance in HSC-3R cells.

Discussion 

In this study, we demonstrated that the high-level DPD 
expression group showed significantly shorter OS and CSS 

Figure 2 Survival fraction of HSC-3 and HSC-3R cell lines in the 
presence of 5-fluorouracil. HSC-3 and HSC-3R cell lines were 
treated with various concentrations of 5-fluorouracil. Error bars 
indicate standard error.
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than the low-level DPD expression group among HNSCC 
patients who had undergone concurrent chemoradiotherapy 
with 5-FU-based regimens. Furthermore, we demonstrated 
that HSC-3R cells, established as 5-FU-resistant HNSCC 
cells, showed higher DPD overexpression than did the parent 
cells in terms of both mRNA and protein levels. HSC-3R cells 
attenuated 5-FU resistance induced by the combined use of 
a DPD inhibitor, CDHP. These results suggested that a high 
level of DPD expression was correlated with 5-FU resistance 
and that DPD expression level might be a predictive biomarker 
in 5-FU-based chemoradiotherapy for HNSCC patients.

It is well known that 5-FU exerts its antitumor effects 
through the inhibition of thymidylate synthase and the 
incorporation of its metabolites into RNA and DNA via a 
complicated mechanism that involves several enzymes (24). 
On the other hand, more than 80% of the administered 
5-FU is rapidly metabolized to an inactive form by DPD, 
the rate-limiting enzyme of 5-FU catabolism. Thus, 
DPD have been assumed to be one of the key enzymes 
associated with 5-FU resistance. In fact, several studies 
have reported that DPD overexpression induced 5-FU 
resistance in various cancers (25-27). In this study, we 
determined that HSC-3R cells, established by continuous 
exposure to 5-FU as described previously (28,29), 
increased DPD expression in a 5-FU dose-dependent 
manner (data not shown), which is consistent with the 
results of previous reports (19,30). We also determined 
that HSC-3R cells decreased 5-FU resistance significantly 
in combination with CDHP, similar to the finding of the 
previous studies. In fact, Kikuchi et al. have reported that 
the 5-FU-resistant esophageal SCC cells established in 
their study showed high DPD expression and attenuated 
5-FU resistance induced by a DPD inhibitor (31). DPD 

expression could, therefore, be related to 5-FU resistance 
through the acceleration of 5-FU metabolism. Recent 
studies have suggested that DPD expression is correlated 
with not only chemoresistance but also radioresistance. 
Takagi et al. reported that CDHP had a radiosensitizing 
effect through the suppression of DNA double-strand 
repair after disruption by irradiation (32). Sakata et al. 
also found that DPD depletion enhanced the efficacy of 
radiotherapy in inhibiting DNA repair (33). High levels 
of DPD expression could thus contribute to potential 
radioresistance and lead to shorter overall survival. Further 
study is necessary to investigate the relationship between 
DPD expression and radioresistance in HNSCC.

While this study comprised only a small number of HNSCC 
patients in a single institution, survival analysis showed a 
significantly shorter OS and CSS in patients with a high level 
of DPD expression. In addition, our Chi-square analysis based 
on age, gender, clinical stage, T classification, N classification, 
primary site, chemotherapeutic regimen and DPD mRNA 
expression showed that high levels of DPD mRNA expression 
had a tendency to be associated with worse CSS (P=0.050; 
Table 1). Other limitations might exist in that miscellaneous 
chemotherapy regimens were used in this study. Therefore, 
there is possibility that the impact of DPD expression on the 
efficacy of the chemotherapy might be different according to the 
co-administration of a DPD inhibitor. To examine the impact 
of DPD expression on fluoropyrimidine efficacy for patients 
treated with tegafur in combination with DPD inhibitors, 
we have performed an additional subgroup analysis with 6 
patients treated with S-1 or UFT. The result also showed that 
the high-level DPD expression group showed shorter CSS 
compared to the low-level DPD expression group, however, the 
difference was not significant (data not shown). Despite these 

Figure 4 Survival fraction of HSC-3 and HSC-3R cell lines in the presence of 5-Chloro-2,4-dihydroxypyridine (CDHP) and 5-fluorouracil. 
HSC-3 (A) and HSC-3R (B) cells were treated with the combination of various concentrations of CDHP (0–100 μmol/L) and 5-fluorouracil 
at the concentration equals to IC15 of each cell line. Survival fraction of HSC-3 and HSC-3R cell lines in each concentration of CDHP was 
compared with that treated with 0 μmol/L of CDHP by t-test. Error bars indicate standard error. *P<0.05; ***P<0.001; n.s., not significant.
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limitations, to the best of our knowledge, this is the first report 
on the evaluation of DPD expression in HNSCC patients 
administrated 5-FU-based chemoradiotherapy. Further multi-
institutional study studies with a larger cohort and unified 
regimens should be required to confirm our findings and clarify 
the value of DPD expression as a predictive biomarker.

Conclusions

In conclusion, we clarified that the high-level DPD 
expression group of HNSCC patients undergoing concurrent 
chemoradiotherapy with 5-FU-based regimens showed 
significantly shorter OS and CSS. The 5-FU-resistant cells 
established from HNSCC cells showed increased DPD 
expression and attenuated 5-FU resistance induced by 
CDHP. Our results suggested that DPD expression could 
play an important role in 5-FU resistance and that DPD 
expression level might be a predictive biomarker in 5-FU-
based chemoradiotherapy for patients with HNSCC. 
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