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dehydrogenase and thymidylate synthase are
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YUSUKE OKANO!, HIDEKAZU KURAMOCHI>?, GO NAKAJIMA?,
SATOSHI KATAGIRI'? and MASAKAZU YAMAMOTO'

lDepartment of Surgery, Institute of Gastroenterology; 2Department of Chemotherapy and Palliative

Care, Tokyo Women's Medical University, Shinjuku-ku, Tokyo 162-8666; 3Department of Surgery,
Tokyo Women's Medical University, Yachiyo Medical Center, Yachiyo, Chiba 276-8524, Japan

Received September 12, 2015; Accepted March 9, 2017

DOI: 10.3892/01.2017.6241

Abstract. Thymidylate synthase (TYMS) and dihydropyrimi-
dine dehydrogenase (DPYD) are associated with the response
of tumors to fluoropyrimidines. The aim of the present study
was to investigate the association between the levels of TYMS
and DPYD mRNAs and the efficacy of S-1 for treating patients
with HCC. A total of 35 patients with HCC who received
S-1 upon recurrence (S-1 group) and 20 patients who never
received a fluoropyrimidine (control group) were studied. The
levels of TYMS and DPYD mRNA in surgically resected speci-
mens were determined using reverse transcription-polymerase
chain reaction assays. Overall survival (OS) time of S-1 group
patients with high levels of DPYD mRNA was significantly
longer compared with that of patients with low levels (median
501 days vs. 225 days; P=0.016). Similarly, the OS time of
those patients with high levels of TYMS mRNA was signifi-
cantly longer compared with those with low levels (median
503 days vs. 239 days; P=0.0076). By contrast, there was no
difference in OS time of the control group between patients
with high and low levels of DPYD and TYMS mRNAs. The
levels of TYMS and DPYD mRNAs may serve as predictive
markers for patients with HCC who receive S-1 chemotherapy.

Introduction

Hepatocellular carcinoma (HCC) is the third most lethal
cancer worldwide, with the highest incidence in East Asia (1).
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Radical resection is the principal treatment for HCC, but
the recurrence rate is very high (2). Radiofrequency ablation
(RFA) and transcatheter arterial chemoembolization (TACE)
may be performed to treat intrahepatic recurrence, but only
systemic chemotherapy can be employed for extrahepatic
recurrence (3). In a phase III trial, sorafenib was the only
drug that prolonged the overall survival (OS) time of patients
with HCC (4,5). However, the difference in median OS time
between the patients treated with sorafenib, which is very
expensive, and best supportive care was only 2 months.

S-1 is a novel, orally administered drug that combines
the components (in a molar concentration ratio of 1:0.4:1) as
follows: Tegafur, a metabolically activated prodrug of 5-fluo-
rouracil (5-FU); 5-chloro-2,4-dihydropyridine, a reversible
dihydropyrimidine dehydrogenase (DPYD) inhibitor; and
oteracil potassium (6). Several case studies show a marked
response of patients with HCC to S-1 (7-9). Although a phase
I/11 study of S-1 in patients with advanced HCC showed prom-
ising antitumor activity with acceptable toxicities (10), a phase
IIT randomized study of S-1 in patients with sorafenib refrac-
tory advanced HCC failed to show clinical advantage (11).
Thus, selection of the patients with HCC who will gain clinical
benefit from S-1 treatment is required.

Thymidylate synthase (TYMS) is the rate-limiting enzyme
in the synthesis of thymine nucleotides (12). TYMS expression
levels are associated with response of patients to 5-FU therapy
and their prognosis, and high levels of TYMS expression in
most cases are associated with worse responses and shorter
survival times (12-14). DPYD, which degrades pyrimidines,
uracil and thymine and inactivates 5-FU, is associated with the
response to 5-FU-based therapies (15,16).

Therefore, it was hypothesized that TYMS and DPYD
are potential biomarkers for predicting the efficacy of S-1 for
treating patients with HCC. In the present study, 30 patients
with HCC who were treated with S-1 subsequent to having
relapsed following surgical resection were assessed. The levels
of TYMS and DPYD mRNAs in surgically resected speci-
mens were measured using reverse transcription-quantitative
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polymerase chain reaction assays (RT-qPCR) to investigate the
association of TYMS and DPYD expression with the efficacy
of S-1 treatment and OS time.

Materials and methods

Characteristics of patients. A total of 55 patients with
relapsed HCC were studied. All patients underwent curative
liver resection at the Institute of Gastroenterology, Tokyo
Women's Medical University Hospital (Tokyo, Japan) between
September 1997 and January 2007. All patients subsequently
relapsed following surgery. In total, 14 of these patients had
hepatitis B virus, 24 had hepatitis C and 11 had alcoholic
liver cirrhosis. A total of 35 patients received S-1 upon recur-
rence (S-1 group), and 20 patients never received S-1 or any
fluoropyrimidine derivative (control group). S-1 was generally
administrated at 80 mg/m? of body surface area per day for
4 weeks followed by 2 weeks of rest, and this 6-week cycle was
repeated until the disease progressed. The dose and schedule
of S-1 administration was modified based on liver function and
the general condition of each patient. The patients with control
group had never received systemic chemotherapy. S-1 was used
following failure of local control therapy, including TACE
and/or RFA. In the S-1 group, patients experienced relapses
as follows: Liver, 30 (85.7%); lung, 18 (51.4%); lymph node, 5
(14.2%); brain, 6 (17.1%); bone, 8 (22.9%); and adrenal gland,
2 (5.7%). The characteristics of patients in the S-1 and control
groups are shown in Table I. Clinicopathological characteris-
tics of the S-1 group according to TYMS and DPYD mRNA
levels are shown in Table II, and those of the control group are
shown in Table III. Biochemical data such as serum albumin,
indocyanine green retention test (ICG R15), prothrombin time,
total bilirubin and cholinesterase were collected from each
patient to compare the liver function between TYMS high and
low expression patients, as well as dihydropyrimidine dehy-
drogenase (DYPD). Clinicopathological data including tumor
differentiation, number of tumors, portal vein invasion, hepatic
vein invasion and intrahepatic metastasis were also assessed
from each patient to compare the background between TYMS
high and low expression patients, as well as DYPD. Child-Pugh
score was used to assess the liver function (17).

The Ethics Committee of the Tokyo Women's Medical
University (Tokyo, Japan) approved the present study, which
was performed in accordance with the Declaration of Helsinki.
Patients granted their informed consent to be involved in the
present study.

Microdissection. Formalin-fixed paraffin-embedded (FFPE)
tumor specimens were cut into 10 ym thick serial sections
Manual microdissection was performed using a scalpel if the
histology was homogeneous and the tissue contained >90%
cancer cells. For all other samples, laser-capture microdis-
section (P.A.L.M. Microlaser Technologies AG, Munich,
Germany) was performed to ensure that only tumor cells were
acquired.

RNA isolation and cDNA synthesis. RNA isolation from FFPE
specimens was performed using an RNeasy FFPE kit (Qiagen,
Inc., Valencia, CA, USA) according to the manufacturer's
protocol. The cDNAs were synthesized using a High Capacity
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cDNA Reverse Transcription kit (Applied Biosystems; Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

RT-qPCR. The cDNAs were amplified using a TagMan
PreAmp Master Mix kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Quantification of target genes TYMS and DPYD and the
internal reference gene (f3-actin, ACTB) was performed using
a fluorescence-based real-time detection method (StepOne
Real-time Polymerase Chain Reaction System; Applied
Biosystems; Thermo Fisher Scientific, Inc.). The primers and
probes used were from TagMan Gene Expression Assays
(Applied Biosystems; Thermo Fisher Scientific, Inc.) with
assay IDs: Hs00426591_m1 for TYMS; Hs00559278_m1 for
DPYD; and Hs01060665_g1 for ACTB.

The PCR reaction mixture consisted of 10 ul of TagMan
Fast Universal PCR Master Mix without uracil-N-glycosylase
(Applied Biosystems; Thermo Fisher Scientific, Inc.), 5 ul of
amplified cDNA, 1 pul of each of the TagMan Gene Expres-
sion Assay primers and probe (20X) and 3 pl of nuclease-free
water. Cycling conditions were 95°C for 20 sec, followed by
40 cycles at 95°C for 1 sec and 60°C for 20 sec. The threshold
cycle (Cq) value for each gene was determined using SDS
software v1.2 (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The A-Cq (ACq) value, which is the difference between
the Cq value of the target gene and that of the endogenous
reference gene, was also calculated using the same software.
A-ACq (AACq), which is the difference between the DCq value
for each sample and the highest ACq value as a calibrator, was
also calculated. The value of 2% was used for quantitation
of relative mRNA levels (18).

Statistical analysis. Comparisons of clinicopathological back-
grounds were assessed using the % test. The Kaplan-Meier
method was used to generate survival curves, and the log-rank
test was used to compare survival between groups. The Cox
proportional hazard regression model was used in multivariate
analysis. In the S-1 group, OS was defined as the time from
the first day of S-1 administration to mortality from any cause.
In the control group, OS was defined as the time from the day
of operation to mortality from any cause. Median values were
used as the cutoff values to divide high and low expression
levels. P<0.05 was considered to indicate a statistically signifi-
cant difference. All values were two-sided. Statistical analyses
were performed using JMP 10 (SAS Institute Inc., Cary, NC,
USA).

Results

Treatment of the S-1 group. A total of 35 patients with HCC in
the S-1 group received S-1 upon recurrence of disease. Median
treatment time was 12 weeks, and the mean dose administered
was 89.6 mg/day. Grade 1 or 2 gastrointestinal adverse events
were most common, but grade 3 or 4 never occurred. A total
of 3 patients stopped receiving S-1 due to fatigue, appetite loss
or diarrhea.

Gene expression and survival time of the S-1 group.
The median level of DPYD mRNA was 11.31 (range,
2.36-23.92), and the median level of TYMS mRNA was 5.46
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Table I. Characteristics of patients.
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Characteristic S-1 group Control group
Total number of patients 35 20
Host factors
Age, years (median) 59.6 65.6
Sex (M/F) 29/6 16/4
Child Pugh Score 54 5.6
Viral hepatitis (B/C) 12/14 2/14
Alcoholic hepatitis 5 6
Liver status (Chronic hepatits/liver cirrhosis) 23/4 13/7
Recurrent site
Liver 30 (85.7%) 18 (90%)
Lung 18 (51.4%) 8 (40%)
Bone 8 (22.9%) 6 (30%)
Brain 6 (17.1%) 2 (10%)
Lymph node 5(14.2%) 3 (15%)
Adrenal gland 1(5.7%) 0 (0%)
Blood serum test
AFP (ng/ml) 8,502 (2-83,069) 7,827 (2-113,156)
PIVKAII (U/ml) 12,345 (5-277,820) 2,117 (14-18,500)

AFP, a-fetoprotein; PIVKA II, prothrombin induced by vitamin K absence-II; M, male; F, female.

TYMS DPYD

20

15
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Relative TYMS Gene Expression
Relative DPYD Gene Expression

0
0 5 0 3

Number of patients

0

Number of patients

Figure 1. Bar chart and box-and-whisker plots of relative TYMS and
DPYD mRNA expression levels in the S-1 group, as determined by reverse
transcription-quantitative polymerase chain reaction. TYMS, thymidylate
synthase; DPYD, dihydropyrimidine dehydrogenase.

(range, 0.67-16.68; Fig. 1), relative to ACTB. Using the median
value as a cutoff, S-1 group patients with high levels of DPYD
mRNA were associated with longer overall survival time in
contrast to those with low levels of DPYD mRNA [median
501 days vs. 225 days; hazard ratio (HR), 0.35 (95% confi-
dence interval [CI]: 0.14-0.85); P=0.016; Fig. 2]. Similarly,
the OS time of patients with high levels of TYMS mRNA was
significantly longer compared with those with low levels of
TYMS mRNA (median 503 days vs. 239 days; HR 0.29 [95%
CI, 0.100-0.726) P=0.0076; Fig. 3]. The results of multivariate

analysis indicated that the levels of TYMS and DPYD mRNA
were significant independent prognostic variables (7SYD,
P=0.013; DPYD, P=0.0171) in contrast to age, number of
tumors and Child-Pugh score (17).

Gene expression and survival time of the control group. The
gene expression data raised the question of whether the levels
of TYMS and DPYD mRNA are predictive markers for the
efficacy of S-1 therapy or prognostic markers regardless of
administration of S-1. To answer this question, the levels of
TYMS and DPYD mRNAs were determined in 20 patients with
relapsed HCC who never received S-1 or any fluoropyrimidine
as a control group. Overall survival time of this group was
calculated from the day of curative surgery to mortality. There
was no significant difference in OS time between patients in
the control group with high or low levels of DPYD mRNA
[median, 1,466 vs. 1,391 days; HR 1.69 (95% CI: 0.60-5.11);
P=0.32; Fig. 4], indicating that the levels of DPYD mRNA are
a predictive marker of S-1 efficacy and not a prognostic marker
of HCC. There was a tendency for longer survival time in the
high group compared with the low group that was not statisti-
cally significant [median 1,729 vs. 1,094 days; HR 0.48 (95%
CIL: 0.14-1.44), P=0.19; Fig. 5].

Analysis of clinicopathological parameters according to
TYMS and DPYD mRNA expression in each group. The
survival time of the patients with HCC depends not only on
cancer progression but also on liver dysfunction, since the
majority of patients with HCC have liver cirrhosis (17). To
determine whether the levels of TYMS and DPYD mRNA
were associated with liver function, patients' values of
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Table II. Clinicopathological characteristics of the S-1 group.
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Characteristic TYMS high TYMS low P-value DPYD high DPYD low P-value
Age, years® 65 (42-76) 60 (31-72) 0.57 65 (42-76) 59 (31-72) 0.24
Liver function parameters
Child Pugh score
A 13 13 0.77 15 15 0.68
B 4 5 3 2
Albumin, g/dI* 4.0 (3.3-45) 3.8(2.8-4.8) 0.28 3.95(2.8-4.5) 3.8(2.8-4.8) 0.64
Cholinesterase, [U/I* 221 (116-321) 226 (65-316) 0.77 225 (102-321) 226 (65-316) 0.85
ICGRI15, %* 13 (4-28) 8.5 (3-32) 0.08 14 (4-28) 9 (3-32) 0.10
Prothrombin time, %" 88.3 (40.6-100)  87.7 (59.4-100) 0.89 84.4 (40.6-100)  91.1 (71.1-100) 0.36
Tumor pathology
Differentiation
Well 0 2 041 0 2 0.32
Moderate 13 14 15 12
Poor 3 3 3 3
Number of tumors
Solitary 11 12 0.73 13 11 033
Multiple 5 7 4
Portal vein invasion
Yes 4 7 0.38 5 6 0.71
No 11 10 11 10
Hepatic vein invasion
Yes 5 0 0.02 5 0 0.04
No 10 17 11 16
Intrahepatic metastasis
Yes 4 7 0.39 4 7 0.26
No 11 10 12 9

“Data represented as median (range). Child Pugh score (17): A, the sum of the score is 5-6 points; B, the sum of the scores is 7-9 points. N.S.,
no significance; ICG R15, indocyanine green retention test; DPYD, dihydropyrimidine dehydrogenase; TYMS, thymidylate synthase.

serum albumin, indocyanine green retention test (ICG R15),
prothrombin time, total bilirubin and cholinesterase were
analyzed. No significant association was observed between
each of these variables and levels of either of the mRNAs
(Tables II and III).

Tumor differentiation, number of tumors, portal vein
invasion, hepatic vein invasion and intrahepatic metastasis
were assessed. A significant difference was observed in the
incidence of hepatic vein invasion in the S-1 group between
patients with high and low levels of TYMS mRNA (P=0.015)
and high and low levels of DPYD mRNA (P=0.043) (Table II),
although the difference was increased in the TYMS high and
DPYD high patients, which showed favorable outcomes. The
values of all other parameters were not significantly different
between the TYMS high and low or the DPYD high and low
in S-1 and control groups (Tables II and III).

Discussion
In the present study, high levels of TYMS and DPYD mRNAs

were associated with a significantly longer OS time in patients
with HCC treated with S-1. Using qPCR, Nii et al (19)

measured TYMS and DPYD mRNA levels in 74 patients with
HCC and demonstrated that the OS time of patients with high
levels of DPYD mRNA was significantly longer compared with
patients with low levels of DPYD mRNA. These findings are
in complete agreement with those of the present study. They
also reported that the prognosis of patients with high levels of
TYMS mRNA is more favorable compared with those with low
levels, although the difference was not statistically significant.
They showed that low levels of DPYD mRNA associate signifi-
cantly with advanced clinical stage, undifferentiated histology,
microscopic intrahepatic metastasis and a high Ki-67 labeling
index, which lead to poor prognosis. The present study demon-
strated that there was no significant association between the
expression of each mRNA and differentiation of the tumor,
vessel invasion, intrahepatic metastasis and liver cirrhosis
severity (Child-Pugh score). Although, DPYD mRNA expres-
sion is lower in HCC tissues compared with that of normal
liver tissue (20), there is no consensus on whether the grade of
HCC is associated with DPYD mRNA expression.

To determine whether the levels of TYMS and DPYD
mRNA were associated with effectiveness of S-1 chemo-
therapy (predictive marker) or tumor biology (prognostic



SPANDIDOS
B) PUBLICATIONS

— DPYD high
=== DPYD low
&
£ P=0.016
=
z
£
Ed
=
E
g
1
lem=—
0.0 T T ) T !
0 500 1000 1500 2000
Patient at risk Survival days
DPYD high 18 11 7 ] 5 3 2 2 ]
DY) low 17 4 3 3 3 1 0 0 0

Figure 2. DPYD mRNA expression and OS rate in the S-1 group. OS rate of
patients with high DPYD mRNA expression was longer compared with that
of patients with low DPYD (P=0.016). OS, overall survival; DPYD, dihydro-
pyrimidine dehydrogenase.
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Figure 3. TYMS mRNA expression and OS rate in the S-1 group. The OS rate
of the patients with high 7YMS mRNA expression was longer compared with
that of patients with low TYMS (P=0.0076). OS, overall survival; TYMS,
thymidylate synthase.

marker), the levels of TYMS and DPYD were determined in
patients with HCC who did not receive S-1 or therapy with
any fluoropyrimidine. There was no significant association
between the levels of DPYD mRNA and prognosis of the
control group, indicating that DPYD mRNA levels are a
predictive marker for S-1 therapy, but not as a prognostic
marker. However, the present study was limited due to its
small sample size.

Evidence supports the theory that high levels of TYMS
expression contribute to resistance to 5-FU and that patients
with low levels of TYMS mRNA respond favorably to treat-
ment with fluoropyrimidines (12,14,21,22). This is explained
by the theory that the 5-FU metabolite 5-fluorodeoxyuridine
monophosphate forms a ternary complex with TYMS and
folic acid, which depletes TYMS, leading to the inhibition of
DNA synthesis by tumor cells.

By contrast, several studies demonstrate the opposite
result that high levels of TYMS expression predict a favorable
outcome for patients who are treated with fluoropyrimi-
dines (23,24). TYMS expression levels predict the efficacy of
fluoropyrimidine therapy and serve as a prognostic marker
of various cancers in advanced stages (24,25). In the present
study, high levels of TYMS mRNA in the control group indi-
cated a tendency for longer survival time, although the data
were not statistically significant due to the limited number of
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Figure 4. DPYD mRNA expression and overall survival rate in the control
group. No significant difference was observed between patients with high
and low DYPD mRNA expression (P=0.32). DPYD, dihydropyrimidine
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Figure 5. TYMS mRNA expression and overall survival rate in the
control group. No significant difference was observed between the patients
with high and low T7YMS mRNA expression (P=0.19). TYMS, thymidylate
synthase.

samples. Thus, TYMS mRNA levels may have potential to be
a prognostic marker of HCC independent of whether patients
undergo chemotherapy. However, further larger studies were
warranted.

The main cytotoxic component of S-1 is tegafur, which
is a prodrug of 5-FU (6). 5-FU is mainly metabolized in
the liver and may therefore be difficult to administer to
patients with liver dysfunction (6). However, previous studies
show promising efficacy of S-1 for treating patients with
HCC (7-9). In a phase I/II study of S-1 therapy administered to
patients with HCC, the response rate was 21.7%, and
progression-free survival and OS times were 3.7 months
and 16.6 months, respectively (10). The survival data are
comparable with the outcomes of sorafenib treatment of a
cohort of Japanese patients with HCC (26). There is no cyto-
toxic drug with convincing evidence of efficacy when used
systemically to treat HCC. A previous study reported that
phase III randomized study of S-1 in patients with
sorafenib refractory advanced HCC failed to show clinical
advantage (11). Therefore, TYMS, DPD or other biomarkers are
anticipated to select the patients who may obtain clinical benefit.

In conclusion, the present assessed the utility of TYMS and
DPYD mRNAs as potential biomarkers for patients with HCC
who were treated with S-1. These data require confirmation by
conducting a large clinical trial.
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Table III. Clinicopathological characteristics of the control group (n=20).

Characteristic TYMS high, n TYMS low, n P-value DPYD high, n DPYD low, n P-value
Age, years® 66 (59-81) 57.5 (53-78) 0.05 64.5 (53-80) 63.5 (53-81) 0.90.
Liver function parameters
Child Pugh score
A 9 8 0.53 8 9 0.53
B 1 2 2 1
Albumin, g/dI* 4(3.2-4.2) 3.65(3.1-4.2) 0.20 38(3.1-4.2) 3.65(3.1-4.2) 0.59
Cholinesterase, IU/1* 243 (82-318) 178 (45-282) 0.15 190.5 (82-318) 243 (45-296) 0.31
ICG R15, %* 10 (2.2-47) 20 (7-59) 0.07 19 (2.2-30) 13 (5-59) 0.71
Prothrombin time, %* 84.9 (81.9-100)  94.7 (60.4-100) 0.68 90.15 (66.3-100) 85 (60.4-100) 0.70
Tumor pathology
Differentiation
Well 0 0 1.00 0 0 1.00
Moderate 8 8 8 8
Poor 2 2 2 2
Numbers of tumor
Solitary 9 8 0.53 7 10 0.06
Multiple 1 2 3 0
Portal vein invasion
Yes 2 2 1.00 2 2 1.00
No 8 8 8 8
Hepatic vein invasion
Yes 1 1 1.00 0 2 0.14
No 9 9 10 8
Intrahepatic metastasis
Yes 1 1 1.00 0 2 0.14
No 9 9 10 8

“Data represented as median (range). Child Pugh score (17): A, the sum of the score is 5-6 points; B, the sum of the scores is 7-9 points. N.S.,
no significance; ICG R15, indocyanine green retention test; DPYD, dihydropyrimidine dehydrogenase; TYMS, thymidylate synthase.
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