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ABSTRACT

Objective: To analyze the impact of mRNA expression of oral fluoropyrimidine (S-1) metabolism (thymidylate syn-
thase, dihydropyrimidine dehydrogenase, thymidine phosphorylase, and orotate phosphoribosyltransferase [OPRT]), on
treatment outcomes in locally advanced gastric cancer patients receiving preoperative S-1 combined with oxaliplatin
chemotherapy. Methods: Preoperative stage III gastric cancer patients received S-1 (80 mg/m*/day; days 1-14) and
oxaliplatin (130 mg/m?; day 1) every 3 weeks and subsequently received gastrectomy with D1/D2 lymphadenectomy.
Paired tumor and normal fresh frozen tissues were collected to evaluate mRNA levels of thymidylate synthase, thy-
midine phosphorylase, dihydropyrimidine dehydrogenase, and orotate phosphoribosyltransferase using quantitative re-
verse-transcriptase polymerase chain reaction. Results: Between December 2009 and October 2010, thirty-five patients
were enrolled in this study. 24 (68.5%) patients had clinical tumor response and 10 (28.6%) patients achieved histo-
logical response. Quantitative reverse-transcriptase polymerase chain reaction results showed that orotate phosphoribo-
syltransferase (OPRT) mRNA expression was significantly higher in histological responders than non-responders (3.75
vs. 1.81, P = 0.005). Diffuse-type gastric cancer patients demonstrated higher orotate phosphoribosyltransferase (OPRT)
expression levels than intestinal-type ones (2.79 vs. 1.60, P = 0.014). Similar results were not found when comparing
thymidylate synthase, thymidine phosphorylase and dihydropyrimidine dehydrogenase expression levels. Conclusion:
Orotate phosphoribosyltransferase (OPRT) expression level may be a potential predictive biomarker in advanced gastric
cancer patients treated with oral fluoropyrimidine (S-1) based chemotherapy. Mini Abstract: Orotate phosphoribosyl-
transferase (OPRT) expression level may be a potential predictive biomarker in advanced gastric cancer patients treated
with oral fluoropyrimidine (S-1) based chemotherapy.
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1. Introduction third generation platinum compound, has shown activity
in combination with fluoropyrimidines in patients with
advanced gastric cancer in phase II studies [7,8]. It was
found that the combination of S-1 with oxaliplatin (SOX
regimen) was effective for unresectable or recurrent gas-
tric cancer patients with a tumor response rate of 59% [9].
It was noted, however, that not all patients could benefit
from S-1 based chemotherapy because of individual dif-
ferences.

Now, many investigators are seeking new methods to
precisely identify patients who may benefit from given
anticancer agents to achieve individualized therapy.
Identification of enzymes involved in fluoropyrimidine
metabolism to predict 5-FU chemosensitivity has made it
possible to achieve these goals [10]. The first step of S-1
metabolism is its conversion into 5-FU. 80% - 90% of
“Conflict of interest: None. administered 5-FU is converted to the inactive metabolite
*Corresponding author. by dihydropyrimidine dehydrogenase (DPD) and its ex-

Gastric cancer is an aggressive disease with high inci-
dence and poor prognosis in Eastern Asia, South Amer-
ica, Eastern Europe, and is ranked the second most com-
mon cause of cancer death [1,2]. Although surgical re-
section remains the only curative method in the treatment
of gastric cancer, various clinical trials have shown sig-
nificant benefits of multimodal treatments represented by
perioperative chemotherapy [3], postoperative adjuvant
chemotherapy [4] or chemoradiotherapy [5].

S-1 is a novel oral fluoropyrimidine, which is a com-
bination of tegafur, gimeracil and oteracil potassium in a
molar ratio of 1.0:0.4:1.0. It has been demonstrated to
have a higher response rate than other oral anticancer
agents against advanced gastric cancer [6]. Oxaliplatin, a
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pression had been reported to correlate with drug resis-
tance as well as toxicity [11]. Fluoropyrimidine is con-
verted to active metabolites by phosphorylation through
three different pathways. Thymidine phosphlorylase (TP)
and orotate phosphoribosyltransferase (OPRT) are the
key enzymes in these processes [12]. Thymidylate syn-
thase (TS) is an essential DNA synthesis enzyme sup-
pressed by 5-fluoro-deoxyrudine-monophosphae (FdU-
MP), an active metabolite of 5-FU. Expression of these
enzymes, alone or in combination, have been shown to
have the potential to be predictive parameters of 5-FU
based chemotherapy sensitivity in gastric cancer patients
[13].

So far, there were no reports detailing 5-FU metabolic
enzymes predicting chemotherapy response in advanced
gastric cancer patients treated with preoperative S-1
combined with oxaliplatin chemotherapy. In this study,
we examined the expression of TS, TP, DPD and OPRT
mRNAs in fresh frozen tissues, so as to evaluate whether
they are associated with chemotherapeutical treatment
outcomes.

2. Materials and Methods
2.1. Patient Eligibility

Eligibility criteria: histologically proven gastric adeno-
carcinoma; AJCC Stage III diseases by computer tomo-
graphy (CT) and endoscopic ultrasonography (EUS);
measurable or assessable tumor as Response Evaluation
Criteria in Solid Tumors (RECIST, 1.1 Ed.) [14]; 20 - 70
years of age; Eastern Cooperative Oncology Group
(ECOG) performance status (PS) 0 - 2; no distant or peri-
toneal metastases and negative cytology by contrast en-
hanced CT and laparoscopy exploration, positron emis-
sion tomography (PET)/CT was optional; no previous
chemotherapy or radiotherapy; no previous cancer his-
tory; no signs of organ failure, as assessed by white
blood cell (WBC) count 4000/mm® - 12,000/mm?, plate-
let count of 100,000/mm?® or above, aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) less
than three times the upper limit of normal, total bilirubin
1.5 mg/dl or less, creatinine 1.2 mg/dl or less and creati-
nine clearance 60 ml/min or above, and hemoglobin 10.0
g/dl or more; arterial partial pressure of oxygen (PaO,) of
70 mmHg or above; negative serology for viral hepatitis
and no past history of hepatitis. All patients gave written
informed consent and this study was approved by the
institutional review board.

2.2. Preoperative Chemotherapy

S-1 80 mg/m” was administered orally on day 1 to day 14
and an intravenous 2 h bolus of oxaliplatin 130 mg/m’
was given on day 1. This regimen was repeated every 21
days for a total of 2 - 4 cycles. If the patient had WBC of
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4000/mm’ or less, platelet of 10,000/mm’ or less, ab-
normal peripheral nerve feeling, diarrhea, or nausea of
Grade 2 or higher,, this regimen was modified by de-
creasing S-1 from 120 mg/d to 100 mg/d or 80 mg/d and
oxaliplatin from 130 mg/m” to 100 mg/m’or 85 mg/m”. If
the adverse event was worse, the dose was postponed
until recovery. After 2 cycles of chemotherapy, the pa-
tients’ tumor response was evaluated based on CT and
EUS findings by RECIST 1.1 criteria. If radical resection
was considered possible or if tumor response was con-
sidered progressive disease, then the patients received
surgery immediately. If not, 1 or 2 additional cycles of
chemotherapy were given before surgery. All chemo-
therapeutic adverse events were recorded by a medical
nurse and were classified according to the National Can-
cer Institute Common Toxicity Criteria version 4.0 (NCI-
CTC 4.0).

2.3. Surgery and Pathology

All patients underwent surgical resection within 4 weeks
after the last chemotherapy cycle. Gastrectomy with D1/
D2 lymphadenectomy was performed according to Japa-
nese Gastric Cancer Association (JGCA) criteria [15].

An experienced pathologist examined all surgical
specimens. Postoperative pathology was reported as fol-
lows: 1) Lauren pathological classification; 2) Positive
and negative lymph nodes in each group; 3) Resection
margins were classified as RO (no cancer at the resection
margins), R1 (microscopically involved margin), and R2
(macroscopically involved margin); 4) Histological re-
sponse was evaluated and graded according to the pro-
portion of tumor affected by degeneration or necrosis
[15]: Grade 0, no evidence of effect; Grade la, viable
tumor cells occupy more than 2/3 of the tumorous area;
Grade 1b, viable tumor cells remain in more than 1/3 but
less than 2/3 of the tumorous area; Grade 2, viable tumor
cells remain in less than 1/3 of the tumorous area; Grade
3, no viable tumor cells remain. Grade 2 or Grade 3 his-
tological responses are defined as responders, while
grade la and 1b are non-responders. Archived fresh fro-
zen samples were obtained from the primary paired tu-
mor and normal tissues at the time of surgery and stored
at —80°C until RNA extraction.

2.4. RNA Extraction, cDNA Synthesis, and
Quantitative Reverse-Transcriptase
Polymerase Chain Reaction (RT-PCR)

Total RNA from tumor and normal samples was isolated
using TRIzol® Reagent kit (Invitrogen-GIBCO BRL,
Life Technologies, USA) according to the manufac-
turer’s instructions. After RNA isolation, cDNA was de-
rived from each sample and target cDNA sequences were
amplified by quantitative real-time PCR using a fluores-
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cence-based detection method (Bio-Rad MiniOpticon™
Real-Time PCR system, Hercules, CA). TS, TP, DPD
and OPRT primers were used to perform PCR amplifica-
tion by Bio-Rad iQ™ Multiplex Powermix. The PCR
conditions were 50°C for 2 minutes and 95°C for 5 min-
utes, followed by 41 cycles at 95°C for 15 seconds and
60°C for 1 minute.

Quantitative relative expressions of mRNA were ob-
tained from the Ct number at which the increase in the
signal associated with the exponential growth of the PCR
products were able to be detected (using PE Biosystems
analysis software, according to the manufacturer’s man-
ual) and calculated using the comparative Cr method
[16,17]. All data were controlled for the quantity of RNA
input by measuring an endogenous reference gene, f-
actin. Briefly, the analysis was performed as follows: for
each sample, the difference in the Ct values (ACt) was
calculated for each mRNA by taking the mean Cr of du-
plicate wells and subtracting the mean Cr of duplicate
wells for the reference RNA (f-actin), measured in an
aliquot from the same RT reaction. Thus, ACr (target
gene) = Cr (target gene) — Cp (f-actin), based on the
methods of Latil et al. [16]. We termed the relative ex-
pression of the target gene as “N target,” as determined
by the formula N target= 2 2CT(et8) The relative ex-
pression compared tumor tissue with normal tissue [T/N
ratio] and was calculated by the formula N target;pn; =
2 (ACTumor ~ACTaomat) 1 ] targetrny is more than 1, this
means that the mRNA expression in tumor tissue is
higher than in normal tissue. This calculation assumes
that all PCR reactions occurred at 100% efficiency. All
PCR efficiencies were found to be >95%; therefore, any
errors arising from this assumption were minimal.

2.5. Statistical Analysis

Differences of mRNA T/N expression ratio between re-
sponders and nonresponders in terms of their relative
gene expression to “N target” were analyzed using Wil-
coxon test. Chi-square test was used to compare per-
centages in cross-tabulations. Two-sided P values less
than 0.05 were assumed to be significant. Data were
analyzed using SPSS 15.0 for Windows software (SPSS
Inc., Chicago, IL).

3. Results
3.1. Patient Characteristics

Between December 2009 and October 2010, 35 patients
with stage III gastric cancer were enrolled in this study.
The characteristics of patients were summarized in Table
1. Median age was 54.6 (range, 20 - 72). There were 24
male and 11 female patients, and 34 patients had ECOG
PSof0-1.
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Table 1. Baseline demographic and patient characteristics.

preoperative SOX chemotherapy

Clinical features

No. %
Gender
Male 24 68.6
Female 11 314
Age, years
Median (range) 46(0-72)
ECOG
0 27 77.1
1 7 20
2 1 2.9
Tumor location
upper third 11 31.4
middle/lower third 24 68.6
Preoperative TNM
ITA 0 0
1B 19 54.3
1c 16 45.7
Gastrectomy
partial 25 71.4
total 10 28.6
Lymph nodes dissection
with D2 lymphadenectomy 28 80
with DO/D1 lymphadenectomy 7 20
Resection margin
RO 30 85.7
R1 3 8.6
R2 2 5.7
Histological stage
0 1 2.9
I 1 2.9
1I 7 20
I 25 71.3
Ml 1 2.9
Histological type
diffuse type 24 68.6
intestinal type 11 314

3.2. Efficacy and Safety

All enrolled patients received at least two cycles of pre-
operative SOX chemotherapy. One stage IIIC patient
achieved complete response (CR), and 23 patients re-
ceived partial response (PR), resulting in a tumor re-
sponse rate (RR) of 68.5%. 9 patients had stable disease
(SD) and 2 patients suffered from progressive disease
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(PD). Toxicities were well tolerated and manageable in
almost all cases. No Grade 4 adverse effects were found.

3.3. Surgical and Pathological Results

Twenty-eight patients (28/35, 80%) underwent gastric-
tomy with D2 lymphadenectomy. Seven patients (7/35,
20%) did not receive D2 surgery because of tumor inva-
sion of major vessels or intraperitoneal metastasis.

An experienced GI pathologist carefully inspected all
surgical specimens. 30 (85.7%) patients achieved nega-
tive margins (RO resection). 24 (68.6%) patients were
classified as diffuse type and 11 (31.4%) patients were
intestinal type (Table 1). 10 (28.6%) patients achieved
considerable histological response as responders. The
correlation of pathological Lauren classification with his-
tological response is shown in Table 2.

3.4. RT-PCR Results

The relative mRNA expression (T/N ratio) levels of four
candidate genes, TS, TP, OPRT and DPD were tested
using real-time RT-PCR in 35 paired tumor and normal
fresh tissues (Table 3). Expression of TS, TP and DPD
did not correlate with histological response, however, the
relative mRNA level of OPRT was significantly higher
in responders than in non-responders (3.75 vs. 1.81, P =
0.005) (Figure 1). One patient with histological complete
response after preoperative chemotherapy was found to
have a very high OPRT relative expression ratio exceed-
ing 9.0.

When the associations between TS, TP, OPRT and
DPD expression with Lauren pathology classification
were analyzed, a significantly higher OPRT level was
found in diffuse-type patients than in intestinal-type ones
(2.79 vs. 1.60, P = 0.014). TS, TP and DPD expression
did not follow the same pattern (Figure 2).

4. Discussion

Preoperative chemotherapy seems to be an effective
method to treat resectable gastric cancer through primary
tumor downstaging and thus can produce a higher cure
rate after subsequent surgery [18-21]. S-1 is a DPD-in-
hibitory fluoropyrimidine, which produced the highest
response rate among oral anticancer agents against ad-
vanced gastric cancer, showing a 44.6% response rate
[22]. Recent studies have shown that S-1 monotherapy or
combined regimen as preoperative chemotherapy are
effective for advanced gastric cancer patients and prove
to be valuable for the improvement of surgical outcomes
[23-26]. However, despite these promising clinical re-
sults, there are still many patients who do not benefit
from preoperative chemotherapy because of individual
differences. If particular molecular markers predict S-1
efficacy, S-1 based chemotherapy or surrogate regimen
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Table 2. Histological response and lauren classification.

Lauren Classification

JGCA criteria diffuse type intestinal type
(n=24) (n=11)
Grade 0 2 5
Grade la 3 3
Grade 1b 11 1
Grade 2 7 2
Grade 3 1 0

Note: Histological Response; responders: Grade 2 + Grade 3; non-respon-
ders: Grade 1a + Grade 1b.

Table 3. PCR primers and probes.

Prime/probe Sequence

p-actin sense 5’CACCAACTGGGACGACAT?’

f-actin anti 5’ACAGCCTGGATAGCAACG3’

TP sense 5’GACAGCCTGCCACTCATCACA3’
TP anti 5’CCGAACTTAACGTCCACCACC3’
OPRT sense S’TACAATAGCCCACAAGAAG3’
OPRT anti 5’CTGAGATTATGCCACGAC3’
DPD sense 5S’CAATGAGATGCCTGAAAT3’
DPD anti 5’AGCAGCTCCATAATAGTT3’
TS sense 5’AGCGAGAACCCAGACCTT3’
TS anti 5’AGTTGGATGCGGATTGTA3’

could be modified for each individual treatment plan.
Intratumoral gene expression or activities of some en-
zymes related to the metabolism of 5-FU have been
shown to correlate with the sensitivity to this anticancer
agent in the treatment of various cancers [27,28]. OPRT
is one of the key enzymes that metabolize 5-FU to its
active metabolite 5-fluoro-2’-deoxyuridine-5’-monopho-
sphate (FAUMP), which suppresses thymidylate synthase
(TS). Fujii et al. have revealed that OPRT enzyme activ-
ity is higher in 5-FU-sensitive tissues than in nonsensi-
tive ones using in vitro chemosensitivity tests [29]. Ichi-
kawa et al. reported that OPRT expression could be used
to predict tumor shrinkage and survival in response to
UFT and LV adjuvant chemotherapy [30]. Similar results
were also found in urinary bladder cancer [31]. All these
studies demonstrated that OPRT has the potential to be a
valuable predictive biomarker associated with sensitivity
of 5-FU. In the current study, it was demonstrated that
OPRT relative mRNA levels were related to higher his-
tological response after preoperative SOX chemotherapy
(3.75 vs. 1.81, P =0.005). However, mRNA levels of TS,
TP, DPD were not found to be correlated with histologi-
cal response, although they have definite roles in the me-
tabolism of 5-FU. This result contradicts some studies
that analyzed the TS, DPD and TP expression in gastric
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Figure 1. The relative mRNA level of OPRT was significantly higher in responders than in non-responders (3.75 vs. 1.81, P =

0.005).
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Figure 2. A significantly higher OPRT level was found in diffuse-type patients than in intestinal-type ones (2.79 vs. 1.60, P =
0.014). TS, TP and DPD expression did not follow the same pattern.
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cancer in comparison to the response to 5-FU or S-1
therapy [6,17,32-34]. The lack of association of these
enzymes with treatment outcomes has several explana-
tions. First, differences in the results may be attributed to
differences in methodology. Second, the predictability of
these enzymes might be influenced by combined ox-
aliplatin. Ichikawa et al. reported that the predictive
power of TS was overcome by irinotecan combination
with S-1 [35]. In addition, S-1 has antitumor activity,
even in tumors with a high expression of DPD [36]. This
could be explained by the fact that DPD activity is inhib-
ited by gimeracil, which is contained in S-1. These find-
ings suggest that this chemosensitivity mechanism is
multifactorial and that prediction is unlikely to be ac-
complished through a single enzyme evaluation. Gene
expression profiles combined with drug activity would be
extremely valuable for the identification of molecular
mechanisms of cellular drug sensitivity and resistance
[371].

Diffuse-type gastric carcinoma, according to the Lau-
ren classification, is highly metastatic and characterized
clinically by rapid disease progression and poor progno-
sis. Studies have shown that diffuse-type gastric cancer
patients were more sensitive to S-1 chemotherapy than
intestinal-type ones [38-41]. However, there are no re-
ports demonstrating the correlation of Lauren classifica-
tion with 5-FU metabolic enzymes. In our study, dif-
fuse-type gastric cancer patients were found to have
OPRT overexpression in comparison to intestinal-type
ones (2.79 vs. 1.60, P = 0.014]. No significant differ-
ences were observed in the expression of the other three
enzymes. The possible explanation is the loss of expres-
sion of the cell adhesion protein E-cadherin in diffuse-
type gastric cancer patients. E-cadherin affects the regu-
lation of cell proliferation and differentiation, and can be
related to decreased chemosensitivity. Chemosensitivity
of cancer is affected by the state of cell adhesion and
expression of intercellular adhesion molecules [42,43]. In
addition, there might be a negative correlation between
OPRT and E-cadherin.

There are some limitations in this study. First, there
are many methods to detect enzymatic activities using
fresh or formalin-fixed and paraffin-embedded (FFPE)
samples. However, some questions remain as to whether
the mRNA levels could predict actual enzymatic activi-
ties. Even for fresh samples, the results might be unstable
and highly dependent on how promptly the samples were
collected and stored. Taking into account this reason,
extracting mRNA from fresh samples is still one of op-
timal targets for evaluation of enzymatic activities. Sec-
ond, in this study, we just evaluated the association of
four 5-FU metabolic enzymes with treatment outcomes.
Whether oxaliplatin would impact these results is still
unknown. In addition, small sample size was another
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limitation of this study, and thus significant differences
of other biomarkers might not have been detected.

In conclusion, our study shows OPRT may play a
leading role among the four representative 5-FU meta-
bolic enzymes, indicating its potential to be a predictive
marker in advanced gastric cancer patients treated with
S-1 combined with oxaliplatin. Large-scale studies with
the most appropriate testing method are still needed to
confirm the results of the current study and to develop
tailored treatment to achieve individual therapy in ad-
vanced gastric cancer patients.
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