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Abstract
Purpose It has been suggested that the gene expression
levels of thymidylate synthase (TS) and dihydropyrimi-
dine dehydrogenase (DPD) help in the prediction of the
response to 5-Xuorouracil (5-FU) in vivo and in vitro in
gastric cancers.
Methods In this study, intratumoral TS and DPD gene
expressions were evaluated with real time reverse transcrip-
tional polymerase chain reaction technique to determine the
correlation between the expression of these two genes and
in vitro sensitivity to 5-FU, assessed by the histoculture
drug response assay on 87 patients with gastric adenocarci-
noma.
Results The sensitivity to 5-FU did not show any diVer-
ence in clinicopathological groups. DPD gene level was
higher in undiVerentiated (n = 39) than diVerentiated
(n = 48) tumors (P = 0.043). In diVerentiated tumors, TS
gene expression levels were higher in the tumors with rela-
tive resistance to 5-FU, while in undiVerentiated cases,
DPD mRNA levels were higher in tumors that showed
resistance to 5-FU in vitro (P = 0.043 and 0.007, respec-
tively). DPD also had signiWcant predictive value for 5-FU
sensitivity in undiVerentiated cases [R(S) = ¡0.401,
P = 0.011]. TS and DPD gene expression levels were more
highly correlated in undiVerentiated compared to diVerenti-
ated cases [R(S) = 0.515 and 0.359, respectively].
Conclusions DiVerent gene expression might be responsi-
ble for 5-FU sensitivity in gastric cancers of diVerent histo-
logic origin.

Keywords Thymidylate synthase · Dihydropyrimidine 
dehydrogenase · 5-Fluorouracil · HDRA · RT-PCR · Gastric · 
Cancer

Introduction

Adenocarcinoma of the stomach was the leading cause of
malignancy-related death worldwide through most of the
twentieth century [22]. In Japan, despite a decreasing trend
in its incidence, the prognosis for this disease remains poor
and it is the second most common cause of cancer-related
death in males and the most common cause in females [4].
Nevertheless, no standard therapy thus far has been estab-
lished either for advanced disease or for curatively resected
gastric cancers [3, 53]. EVorts to improve the prognosis of
the disease have focused on developing eVective pre- and
post-operative systemic adjuvant therapies [37, 46, 55]. The
5-Xuorouracil (5-FU) is a drug widely used in the treatment
of gastrointestinal carcinomas and is considered to be one
of the most eVective drugs against gastric cancer as either
monotherapy or a part of a combination regimen [35],
despite its single agent response rate of 10–30% [43].

In vitro drug-response assays have been developed for
the few past decades in order to individualize chemotherapy
for cancer patients [18, 45]. One of these assays is histocul-
ture drug assay (HDRA) with the end point of 3-(4,5-dim-
ethylthiazol-2-yl)-2,5-diphenyl-2H tetrazolium bromide
(MTT), where fresh surgical specimens maintain their cell-
to-cell contact and three-dimensional native tissue architec-
ture in culture for 7 days in exposure to 5-FU. The data of
this assay have been shown to correlate strongly with clini-
cal resistance, clinical sensitivity, and survival of patients
whose tumors were tested [14, 30, 51]. The in vitro eYcacy
of 5-FU with this method has been shown to be 18.6% for
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102 gastric cancer samples [13]. The mechanisms of resis-
tance to 5-FU are broad and include decreased activation to
increased elimination. Two important mechanisms are the
alterations in the target enzyme Thymidylate Synthase
(TS), which is an essential DNA de novo synthetic enzyme,
and Dihydropyrimidine Dehydrogenase (DPD), which rap-
idly catabolyzes 5-FU to the inactive metabolite [25, 52,
56].

Both basic and clinical researchers have focused on
identifying the biochemical response determinants of 5-FU
to improve the clinical outcome of gastric cancer therapy
with the application of a wide range of techniques from
immunohistochemistry to quantitative reverse-transcrip-
tion polymerase chain reaction (RT-PCR) [19, 33]. Ichik-
awa et al. [19] have shown that the TS and DPD mRNA
expressions are diVerent in relation to diVerentiation of gas-
tric cancer. In a clinical study of 5-FU-based chemotherapy
for gastric cancer, the response rates have been diVerent
between the diVerentiated type compared to undiVerenti-
ated type [28]. If such determinant can be measured before
chemotherapy along with predicting the susceptibility of
tumor by the use of HDRA, patients with favorable 5-FU
response indices will anticipate a higher than average prob-
ability of response and in the case of unfavorable response,
understanding the underlying mechanism may help to plan
the adjuvant chemotherapy. Thus, we investigated the
potential association of intratumoral mRNA expression lev-
els of DPD and TS with clinicopathological variables
including histologic type and in vitro chemosensitivity to
5-FU assessed with HDRA.

Materials and methods

Drugs

The 5-FU was purchased from Kyowa Hakko Kogyo
(Tokyo, Japan). All other chemicals used were of the high-
est standard grade commercially available.

Patients and samples

The surgically resected specimens used for this study were
obtained from 87 patients who were clinically diagnosed
to have gastric cancer during open or laparoscopic surgery
at the Department of General and Gastroenterological
Surgery, Osaka Medical College Hospital between 2000
and 2004. None of the patients had received chemotherapy
or radiotherapy before surgery and all of them had given
written informed consent. The patients (62 males, 25
females) were 23–91 years old with a median age of 65.
The clinicopathological features were assessed according to
the Japanese ClassiWcation of Gastric Carcinoma, second

English Edition [26]. However, regarding the histologic
types in this study, well- and moderately diVerentiated ade-
nocarcinomas were categorized as diVerentiated, and
poorly diVerentiated adenocarcinomas, signet ring cell car-
cinomas, and mucinous carcinomas were categorized as
undiVerentiated type as previously described by Kuniyasu
et al. [33]. SuYcient volumes of cancer tissues were
obtained to perform HDRA and gene analysis. Carcinoma
tissues were identiWed by the naked eye and cut into pieces
of »2 to 3 mm in size. Only the specimens that were histo-
logically proved to be carcinoma by microscopic staging of
the tumors were included in the study. Samples from
patients who received surgery for other type of gastric can-
cers were excluded from the study.

HDRA with MTT as the end point

Each HDRA was performed according to the method
described previously with slight modiWcations [13].
Resected specimens were stored in Hank’s balanced salt
solution (GIBCO, Gaithersburg, MD, USA) containing 100
IU penicillin (GIBCO), 100 �g of streptomycin (GIBCO),
and 0.25 �g of amphotericin B (GIBCO) per ml and
brought directly to the lab. Collagen sponge gels (Gelfoam)
were purchased from Pharmacia & Upjohn Inc., Kalama-
zoo, MI, USA. The cancerous portions of surgically
resected specimens were scissor-minced into pieces and
then placed on prepared collagen surfaces in 24-well plates.
The 5-FU purchased from Kyowa Hakko Pharmaceutical
Co. Ltd., New York, NY, USA was dissolved in RPMI-
1640 medium containing 20% fetal calf serum. Each tumor
piece was then immersed in 750 �l of complete medium
and 250 �l of diluted 5-FU. The in vitro 5-FU concentration
used in this study was 300 �g/ml as reported previously
[13]. For each tumor specimen the drug was assessed in
triplicate. Two or three pieces of tumor specimen were
incubated in complete medium without any 5-FU as con-
trol. The plates were then incubated for 7 days at 37°C in a
humidiWed atmosphere containing 95% air and 5% CO2.
After 7 days of incubation, 100 �l of RPMI 1640 medium
containing 0.06% collagenase (type 1: Sigma, St. Louis,
MO, USA) and 100 �l of 0.2% MTT (Sigma) solution were
added to each well. The plates were then incubated for an
additional 24 h. The supernatant in each well was carefully
aspirated after centrifugation and 500 �l of DMSO (Wako
Pure Chemicals Co. Ltd., Osaka, Japan) was added to solu-
bilize the MTT-formazan. After another 4 h of incubation,
100 �l of the MTT-formazan solution from each well was
transferred to the wells of a 96-well microplate and the
absorbance of each well was read at a wavelength of
540 nm on a BIO-RAD Model 550 microplate reader. The
inhibition rate (IR) was calculated as follows: IR
(%) = (1 ¡ mean absorbance per gram of tumor specimen
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in the drug treated wells/mean absorbance per gram of
tumor specimen in the non-drug treated control wells) £ 100.

Real time reverse transcriptional-polymerase chain reaction 
(RT-PCR) quantiWcation

Samples from each patient were immediately frozen and
kept in ¡80°C for later gene expression analysis. Total
RNA was extracted by an acid guanidinium-phenol-chloro-
form method of Chomczynski and Sacchi [6] using ISO-
GEN (Nippon Gene, Toyama, Japan) according to the
manufacturer’s instructions. Afterwards, the total RNA was
puriWed using DNase 1 (GIBCO-BRL). Extracted total
RNA pellets were dissolved with RNase free diethyl pyro-
carbonate (DEPC)-treated water. Reverse transcription with
up to 2 �g of total RNA was carried out with the use of
High-Capacity cDNA Archive Kit (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
instructions with the application of random priming
method. Absolute quantitation of the cDNA of the genes of
interest and an internal reference gene [glyceraldehydes-3-
phosphate dehydrogenase (GAPDH)] was conducted using
a Xuorescence-based real time detection method (ABI
Prism 7700 Sequence Detection System (TaqMan); Perkin-
Elmer Applied Biosystems) as described previously [15,
17]. The PCR was carried out in the Wnal 50 �l reaction
mixture containing 25 �l of “2 X TaqMan Universal PCR
Master Mix” with AmpErase UNG purchased from
Applied Biosystems, 22.5 �l of diluted cDNA sample
equivalent to 20 ng of total RNA of appropriately diluted
cDNA plasmid sample and 2.5 �l of TaqMan® Gene
Expression Assay primer and probe sets of
Hs99999905_m1, Hs00559279_m1, Hs00426591_m1 for
GAPDH, DPD, and TS, respectively. Thermal cycling con-
ditions were 50°C for 2 min and 95°C for 10 min, followed
by 45 cycles at 95°C for 15 s and 60°C for 1 min. A stan-
dard curve was constructed with seven points representing
tenfold serial dilution of each cDNA plasmid purchased
from Invitrogen life technologies (San Diego, CA, USA).
The value of each point was equivalent to the value of each
cDNA plasmid PCR product from 10 to 107 copies. The
standard curves of GAPDH, DPD, and TS are shown in
Fig. 1. A relative target gene mRNA expression value was
obtained by division of the target gene expression by the
value for GAPDH as an internal reference gene. All the
reactions were done in triplicate.

Statistical analysis of data

Chi-square test was used for analyses of the distributions of
chemosensitive and chemoresistant cases among clinico-
pathological groups. Because normalized DPD and TS lev-
els exhibited asymmetrical distributions, non-parametric

tests were used in the statistical analysis. To evaluate the
association between the two continuous variables, linear
regression analysis was performed to calculate Spearman’s
rank correlation coeYcient. Statistical diVerences were
evaluated between two groups using Mann–Whitney test
and for three or more groups using the Kruskal–Wallis test.
P < 0.05 was considered to be statistically signiWcant.

Results

Correlation between clinicopathologic variables 
and HDRA result and TS and DPD gene expressions

Eighty-eight gastric tumor specimens were evaluable for
measurement of mRNA from 2000 to 2004 for which
HDRA data had been previously collected on fresh speci-
mens. Among them one sample was excluded due to
insuYcient GAPDH expression (<5 copies). These 87 sam-
ples showed chemosensitivity to 5-FU from no sensitivity
to IR of 77.5%. At the cut-oV value of IR = 60%, eYcacy
rate of 5-FU was 18.4% (16/87) which is similar to the pre-
vious report [13]. Samples were divided into two groups
(IR ¸ 60% vs. IR < 60%) regarding this cut-oV value. The
range and median values of relative expressions of DPD
and TS mRNA determined by real-time RT-PCR and in-
vitro chemosensitivity are shown in Table 1, with reference
to clinicopathologic features including gender, age, histo-
logical type, tumor size, depth of tumor invasion, lymphatic
invasion, venous invasion, lymph node metastasis, any
other local or distant metastasis, and staging. Chi-square
test was used to test the frequency diVerence of sensitive
versus resistant cases among clinicopathologic groups. To
compare both TS and DPD gene expressions with clinoco-
pathological variables, Mann–Whitney and Kruskal–Wallis
tests were used. DPD gene expression showed a statistically
signiWcant diVerence between the diVerentiated and
undiVerentiated type (Mann–Whitney U-Test, P = 0.043,
Table 1). There was no other statistically signiWcant associ-
ation between any of the gene expressions and clinicopath-
ologic features (Table 1). There was no statistically
signiWcant diVerence between the cases with IR < 60% and
IR ¸ 60% in relation to clinicopathological background
factors tested with chi-square test (Table 1).

Association of DPD and TS gene expression levels 
and sensitivity to 5-FU in relation to diVerentiation group

At the cut-oV level of IR = 60% where 5-FU eYcacy was
18.8% in the diVerentiated group and 17.9% in the undiVer-
entiated group, the resistant tumors (N = 39) showed a
higher TS level in the diVerentiated group compared to the
sensitive samples (N = 9)(median, 0.0123 vs. 0.0049,
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respectively; P = 0.043, Mann–Whitney U-Test) while in
the undiVerentiated group DPD the mRNA level was higher
in resistant tumors (N = 32, median, 0.02) compared to
sensitive ones (N = 7, median 0.0013)(P = 0.007, Mann–
Whitney U-Test)(Figs. 2, 3). No signiWcant correlation
was observed between TS mRNA expressions and in vitro
sensitivity to 5-FU in either of the histologic groups
(Fig. 4a, b). Tumors with higher DPD mRNA level
tended to show relatively high resistance to 5-FU in the
undiVerentiated group (correlation of coeYcient = ¡0.401;
Fig. 5a), but not in the diVerentiated group (correlation of
coeYcient = 0.126; Fig. 5b). In undiVerentiated group,
DPD and TS mRNAs had higher correlation (correlation

coeYcient = 0.515) than in diVerentiated group (correlation
coeYcient = 0.359) (Fig. 6a, b).

Discussion

A remarkable number of gastric cancer patients who have
undergone curative resection surgery will relapse. Adjuvant
chemotherapy is regularly attempted to improve the treat-
ment outcome. To overcome the interpatient variability and
to individualize chemotherapy for patients with similar histo-
pathologic tumors, in vitro drug response assays have been
developed [30]. The Japan Society for Appropriate Cancer

Fig. 1 Linear relationship be-
tween threshold and logarithm 
of the starting copy number of 
GAPDH (top), TS (middle), and 
DPD (bottom) cDNA plasmid. 
Correlation coeYcients are more 
than 0.95 in all three genes. 
GAPDH, = ¡3.463x + 41.808; 
TS, y = ¡3.51x + 46.771; 
DPD, y = ¡3.166 + 41.872
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Chemotherapy summarized the status of chemosensitivity
testing for antitumor agents in Japan in 2000 [7]. Data
showed that patients treated with drugs testing in the “sensi-
tive” range were nearly seven times more likely to respond to
chemotherapy than were patients treated with drugs testing in
the “resistant” range (47% vs. 7%). They concluded that
chemosensitivity testing was being widely applied in Japan
and that it has a high-accurate predictive value for advanced
carcinomas. Thus, the chemosensitivity testing was approved

by the Japanese Ministry of health, Welfare, and Labor as
“advanced clinical medicine”. Our laboratory is one of the
few approved institutes in Japan (http://www.mhwl.go.jp/
topics/bukyoku/isei/sensiniryo/ikikan02.html). In order to
study the usefulness of in vitro drug sensitivity testing for
gastric cancer adjuvant chemotherapy, two clinical trials
have just been started in Japan by the Japan Clinical Cancer
Research Organization (JACCRO, Tokyo, Japan) [31] and
by the Japan Clinical Oncology Group (JCOG) [42]. Among

Table 1 Correlation between clinicopathological variables and TS and DPD gene expressions and 5-FU sensitivity

Among each clinicopathologic variable group, chi-square test was used to evaluate the frequency diVerence of sensitive versus resistant. Statistical
diVerence of TS and DPD gene expressions in each clinicopathological variables group was tested by Mann–Whitney between two groups and by
Kruskal–Wallis among three groups or more

Variable Number 
of patients

DPD TS 5-FU Sensitivity P-value

Median Minimum Maximum P-value Median Minimum Maximum P-value IR < 60% 
(n = 71)

IR ¸ 60% 
(n = 16)

Gender 0.851 0.177 0.512

Male 62 0.01 0.00029 0.0738 0.012 0.00148 0.1013 51 11

Female 25 0.008 0.00038 0.0621 0.009 0.00195 0.0385 20 5

Age 0.683 0.792 0.334

<65 42 0.0116 0.00031 0.0705 0.0116 0.00195 0.072 33 9

¸65 45 0.008 0.00029 0.0738 0.009 0.00148 0.1013 38 7

Tumor size (mm) 0.551 0.296 0.6

<60 27 0.008 0.00123 0.0738 0.012 0.00204 0.072 22 5

¸60 60 0.0123 0.00029 0.0705 0.009 0.00148 0.1013 49 11

Histological type 0.043 0.219 0.574

DiVerentiated 48 0.0077 0.00029 0.0738 0.0115 0.00321 0.1013 39 9

UndiVerentiated 39 0.015 0.00031 0.0705 0.0095 0.00148 0.0528 32 7

Serous Invasion 0.212 0.191 0.334

No 42 0.0079 0.00038 0.0738 0.012 0.00204 0.1013 33 9

Yes 45 0.014 0.00029 0.0705 0.008 0.00148 0.0385 38 7

Lymphatic 
invasion

0.964 0.052 0.547

Ly0, Ly1 29 0.0079 0.0014 0.0738 0.0075 0.00195 0.0481 24 5

Ly2, Ly3 58 0.0116 0.00029 0.0643 0.0139 0.00148 0.1013 47 11

Venous invasion 0.068 0.647 0.176

v0, v1 32 0.0139 0.00105 0.0738 0.01 0.00195 0.0481 24 8

v2, v3 55 0.008 0.00029 0.0643 0.011 0.00148 0.1013 47 8

Lymph node 
metastasis

0.918 0.179 0.308

N0, N1 51 0.008 0.00038 0.0738 0.012 0.00204 0.1013 22 5

N2, N3 36 0.012 0.00029 0.0537 0.008 0.00148 0.0528 49 11

Other metastasis 0.115 0.094 0.394

No 71 0.0115 0.00058 0.0738 0.012 0.00195 0.1013 57 14

Yes 16 0.007 0.00029 0.0621 0.007 0.00148 0.0385 14 2

Stage 0.509 0.125 0.214

I 12 0.007 0.0014 0.0519 0.008 0.00204 0.0631 11 1

II 21 0.0138 0.0015 0.0738 0.018 0.00325 0.1013 16 5

III 24 0.007 0.00058 0.0537 0.009 0.00321 0.0528 17 7

IV 30 0.012 0.00029 0.0621 0.008 0.00148 0.0385 27 3
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these in vitro assays, HDRA with MTT endpoint has been
demonstrated to have a high rate of evaluability, often more
than 80% in previous studies [9, 14, 54]. It is believed that
HDRA allows tumor cells to maintain their native three-

dimensional tissue architecture and in intact tissue with cell-
to-cell contact have a high survival rate and viability [9, 54].
MTT endpoint evaluates total tumor cell viability and is more
appropriate since many cells in gastrointestinal tumors may
be in the resting stage of the cell cycle. In those studies,
HDRA demonstrated a very high rate of evaluability (96.3%)
and 5-FU had an in vitro eYcacy rate of 18.6% against gas-
tric cancers [13, 14].

In the present study, at the cut-oV value of IR = 60%,
in vitro eYcacy rate of 5-FU was shown to be 18.4% in 87
gastric carcinomas which is similar to the previous studies
[13, 30]. At this cut-oV value, histologic type did not show
any impact on sensitivity to 5-FU; 9 of 43 cases in diVeren-
tiated, and 7 of 39 cases in the undiVerentiated group were
sensitive to 5-FU. This result is consistent with the in-vitro

Fig. 2 Distribution of TS gene expression in sensitive versus resistant
cases in relation to diVerentiation. Cut-oV level of IR = 60% was ap-
plied for sensitivity. Boxes indicates the Wrst and third quartile (median
inside); bars represent the range of values falling within 1.5-fold the
interquartile range. Open and closed circles represent outliners (>1.5-
fold the interquartile range) for diVerentiated and undiVerentiated type
cases, respectively. The resistant tumors showed a higher TS level only
in diVerentiated group compared to sensitive ones (median, 0.0123 vs.
0.0049, respectively; P = 0.043, Mann–Whitney U-Test)

Fig. 3 Distribution of DPD gene expression in sensitive versus resis-
tant cases in relation to diVerentiation. Cut-oV level of IR = 60% was
applied for sensitivity. Boxes indicates the Wrst and third quartile (me-
dian inside); bars represent the range of values falling within 1.5-fold
the interquartile range. Open circles represent outliners (>1.5-fold the
interquartile range) for diVerentiated type cases. Only in undiVerenti-
ated group DPD mRNA level was higher in resistant tumors (median
0.02) compared to sensitive ones (median 0.0013) (P = 0.007, Mann–
Whitney U-Test)

Fig. 4 Correlation between tumoral TS levels and 5-FU sensitivity in
undiVerentiated (a) and diVerentiated group (b). Plots show the corre-
lation between TS: GAPDH RT-PCR product ratios of biopsied speci-
mens and sensitivity to 5-FU measured by the MTT assay using
formula: IR(%) = (1 ¡ mean absorbance per gram of tumor specimen
in the drug treated wells/mean absorbance per gram of tumor specimen
in the non-drug treated control wells) £ 100. Spearman’s rank correla-
tion coeYcient neither in undiVerentiated group (r = ¡0.082) nor in
diVerentiated group (r = ¡0.074) was statistically signiWcant
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study of Noguchi et al. on 485 gastric cancer lesions where
the chemosesnitivity in diVerentiated cancer was equivalent
to that of the undiVerentiated variant (median IR of 70.3%
vs. 65.9%, respectively) [41]. On the other hand, it is not in
agreement with the study by Kubota et al. They reported
that the diVerentiated gastric tumors were more sensitive
(14/52) than undiVerentiated tumors (6/67) in HDRA with
[3H]thymidine end point measured by audiography where
tumors were exposed for 24 h to 5-FU [30]. No association
was found between in vitro chemosensitivity and other his-
topathological variables in our study. The inconsistency of
these data with other reports might be described by the
diVerent evaluability of in vitro chemosensitivity methods
encountered [10, 38].

Dihydropyrimidine dehydrogenase is the Wrst and rate-
limiting enzyme in the catabolism of 5-FU. The 5-FU is
enzymatically inactivated to dihydroXuorouracil by DPD
[35]. Although the liver expresses the highest level of DPD
in the body, this enzyme is widely distributed in other tis-
sues including the gastrointestinal mucosa and thus tumor
cells. It has been previously shown that the DPD mRNA
level is signiWcantly correlated with enzyme activity in gas-
tric cancer [23]. TS, an essential DNA synthetic enzyme
that catalyses the methylation of deoxyuridine monophos-
phate (dUMP) to deoxythymidine monophosphate (dTMP)
is the main cellular target of 5-FU [35]. Several basic and
clinical studies suggest that high-TS expression will result
in 5-FU resistance in gastrointestinal malignancies [27, 34,
40]. The methods used for the measurement of TS expres-
sion in those studies vary greatly including biochemical
assays, immunohistochemistry, enzyme-linked immunoab-
sorbant assay (ELISA) and RT-PCR methods. A close lin-
ear relationship was noted between TS protein expression
and TS gene expression in colorectal and gastric tumors

Fig. 5 Correlation between tumoral DPD levels and 5-FU sensitivity
in undiVerentiated (a) and diVerentiated group (b). Plots show the cor-
relation between DPD: GAPDH RT-PCR product ratios of biopsied
specimens and sensitivity to 5-FU measured by the MTT assay using
formula: IR(%) = (1 ¡ mean absorbance per gram of tumor specimen
in the drug treated wells/mean absorbance per gram of tumor specimen
in the non-drug treated control wells) £ 100. Spearman’s rank correla-
tion coeYcient was r = ¡0.401 in undiVerentiated group and r = 0.126
in diVerentiated group. DPD was a predictive factor for sensitivity only
in undiVerentiated group (P = 0.011). The correlation was not statisti-
cally signiWcant in diVerentiated group

Fig. 6 Correlation between TS and DPD gene expression in undiVer-
entiated (a) and diVerentiated group (b). The correlation coeYcient in
undiVerentiated group (r = 0.515, P = 0.001) was higher than diVeren-
tiated group (r = 0.359, P = 0.012)
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studied by Johnston et al. [27]. The data from study by
Ishikawa et al. on gastric tumors showed the correlation
between enzymatic activity of TS and its mRNA expression
[24]. In the present study, high-DPD mRNA expression
was associated with the undiVerentiated gastric tumors.
This result is comparable with Ishikawa et al. report that
DPD mRNA level studied by RT-PCR in fresh-frozen spec-
imens was shown to be statistically higher in the undiVeren-
tiated type cases [26]. DPD gene was more highly
expressed in the undiVerentiated gastric adenocarcinomas
studied by Ichikawa et al. who used RT-PCR on laser-cap-
tured microdissected tissues from paraYn-embedded mate-
rials (mean value 1.23 in undiVerentiated type versus 0.99
in diVerentiated type) [19]. However, other studies on gas-
tric cancer did not show any relationship between histo-
logic type and DPD expression [11].

In this study, TS mRNA level did not show a statisti-
cally signiWcant relationship with histologic type, though it
had a higher trend in diVerentiated cases. These results are
in agreement with several immunohistochemical and RT-
PCR studies on TS in gastric cancer who failed to show
any relationship between TS expression and histologic
type [11, 50]. Ichikawa et al. reported a higher expression
of TS gene level in diVerentiated gastric adenocarcinoma
[19]. Their result is in contrast with Choi et al. who
reported that poorly diVerentiated gastric carcinoma was
more common in the high-TS group [5]. Sakamoto et al.
who investigated TS enzyme activity for pyrimidine nucle-
otide synthesis in 57 gastric carcinoma, reported higher
activity of TS enzyme in poorly diVerentiated than well-
diVerentiated adenocarcinomas [47]. Thus, the relation
between TS expression and histologic type seems to be a
controversial issue. In the present study, TS mRNA level
was not a predictive factor for in vitro sensitivity to 5-FU
in any histologic group, cases which showed in vitro sensi-
tivity to 5-FU in the diVerentiated carcinomas had lower
TS gene expressions. On the other hand, DPD mRNA
level was a predictive factor for in-vitro sensitivity to
5-FU in the undiVerentiated cases. In this group, the non-
sensitive cases to 5-FU had shown higher levels of DPD
mRNA level. These data are consistent with the phase II
study of S-1 drug for advanced gastric cancer [29]. S-1 is a
new oral Xuorinated pyrimidine, consisting of tegafur
(FT), a prodrug of 5-FU, and 5-chloro-2,4-dihydroxypyri-
dine (CDHP), a potent inhibitor of DPD and potassium
oxonate (Oxo) [49]. In the report by S-1 Cooperative
Gastric Study Group, 52% (13/25) of diVuse type of meta-
static gastric cancers responded to S-1 while the response
rate was 28% (7/25) for intestinal type carcinomas. Fujiw-
ara et al. reported that the antitumor activity of S-1 was
more potent against tumors with higher DPD activity [12].
The data from Adjuvant Chemotherapy Trial of S-1 for
Gastric Cancer (ACTS-GC) on 1034 patients with stage II

or III gastric cancer has shown that S-1 is safe and highly
eVective, and can be considered as the standard adjuvant
chemotherapy for stage II/III gastric cancer patients after
potentially D2 resection [48]. The mortality rate of cases
with undiVerentiated cancer has decreased more than cases
with diVerentiated cancers (8.4% vs. 5.7%, respectively)
when S-1 was administered after surgery compared to sur-
gery alone group. Therefore, the diVerence in response rate
of S-1 for diVerent histologic type might be explained by
their diVerent DPD content. The predictive value of intra-
tumoral TS gene expression in 5-FU based treatment of
gastric cancer has been well studied. TS mRNA level in
responders to combination treatment of irinotecan (CPT-
11), a DNA topoisomerase I inhibitor [1, 32], plus S-1 was
higher than non-responders in 26 primary gastric cancers
(median value, 4.26 and 2.11, respectively) [20]. Ichikawa
et al. also reported a positive relation between TS and
Topo-I mRNA expression in 49 colorectal tumors (correla-
tion coeYcient = 0.513) [21]. While phase III French clin-
ical trial on 260 patients has not shown any signiWcant
survival beneWt with cisplatin-based adjuvant chemother-
apy neither in diVuse nor in intestinal type [2], the median
survival time of patients with diVuse type was shorter in
comparison to intestinal type (291 days vs.472 days,
respectively) when treated with combination chemother-
apy of irinotecan plus cisplatin [57]. Thus, this diVerence
might be explained with diVerent TS gene expression lev-
els. Evident diVerences in pathogenetic and bio-molecular
characteristics have been shown between diVuse and intes-
tinal type of gastric cancer in several studies [16, 36]. A
multicenter Italian study by Italian Research Group for
Gastric Cancer on 412 surgically treated gastric cancer
patients, has shown that peritoneal recurrence occurred
more in diVuse-type compared to intestinal-type [39]. In
another study by the same group on 584 patients who
underwent D2 gasterectomy, the multivariate analysis has
shown that the risk of lymph node metastasis was associ-
ated with diVuse type [8]. TS, an essential enzyme for
intracellular de novo source of thymidylate, and DPD,
which catabolize thymine, are important enzymes for
DNA biosynthesis. Therefore, the closer relation of DPD
and TS in undiVerentiated carcinomas in the present
study might be explained with distinct diVerent biologic
behavior, cellular origin, growth pattern and site of
metastasis of diVerentiated, and undiVerentiated gastric
adenocarcinomas [44].

With the introduction of new TS inhibitors like Tomu-
dex and Thymitag that are more speciWc and potent TS
inhibitors and with the availability of S-1, identiWcation of
responsible target of possible 5-FU resistance along with
HDRA in diVerent histologic gastric cancer, will help clini-
cians to select more appropriate drug agents for individual-
ized chemotherapy.
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