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Abstract Purpose: The aim of this study was to investi-
gate the changes in two of the enzymes involved in flu-
orouracil metabolism, thymidine phosphorylase (TP)
and dihydropyrimidine dehydrogenase (DPD), in uter-
ine cervical squamous cell cancer tissue after radiother-
apy. Subjects and methods: Cervical tissue from 27
patients diagnosed with stage IIIB or I'V uterine cervical
squamous cell cancer was compared with normal cervi-
cal tissue from 33 patients with benign gynecologic dis-
eases. Expression of TP and DPD in the cervical tissues
was measured using enzyme-linked immunosorbent as-
says. TP and DPD expression before and after irradia-
tion with 10 and 20 Gy was measured in 9 of the 27
patients with cervical cancer. Results: Before irradiation,
DPD expression in cancer tissue did not differ from that
in normal tissue. TP expression and the TP/DPD ratio
were significantly higher in cancer tissue than in normal
tissue (P <0.00001). TP and DPD expression and the
TP/DPD ratio were not significantly changed by irra-
diation with 10 and 20 Gy. TP expression and the TP/
DPD ratio after irradiation with 10 and 20 Gy were
significantly higher than in normal tissue. Conclusion:
The increased TP expression and the elevated TP/DPD
ratio following irradiation with up to 20 Gy may offer an
increased clinical advantage to chemoradiotherapy with
capecitabine or doxyfluridine over radiotherapy alone.
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Introduction

Recent randomized trials of concurrent chemoradio-
therapy with cisplatin and 5-fluorouracil (5-FU) have
demonstrated an improvement in the clinical outcome of
patients with advanced and bulky cervical cancer com-
pared to radiotherapy [1, 2, 3, 4, 5]. However, the
mechanism responsible for the improved clinical out-
come associated with concurrent chemoradiotherapy
has not been clearly elucidated.

5-FU has been reported to enhance the efficacy of
radiotherapy against some cancer cells [6, 7, 8]. Therefore
we focused on thymidine phosphorylase (TP) and dihy-
dropyrimidine dehydrogenase (DPD), which are enzymes
involved in 5-FU metabolism. TP has recently been shown
to be platelet-derived endothelial cell growth factor (PD-
ECGF), which is an angiogenic factor [9, 10, 11].
Furthermore it is known to be a key enzyme in the acti-
vation of 4-pentyloxycarbonyl-5’-deoxy-5-fluorocytidine
(capecitabine) and 5’-deoxy-5-fluorouridine (doxyfluri-
dine) [12]. It has been reported that TP expression is high
in various cancer tissues [13] and that 5-FU concentra-
tions are higher in cancer tissues than in normal tissues
following administration of capecitabine or doxyfluridine
[14, 15]. DPD is a pyrimidine salvage enzyme that catab-
olizes 5-FU to the inactive form dihydrofluorouracil, and
its expression in tumors has been reported to be inversely
correlated with the activity of 5-FU in cancer patients
[16, 17, 18]. However, the levels of DPD in uterine cervical
cancer have not clearly established.

In the present study, we examined the expression of
TP and DPD and also the TP/DPD ratio in tissue from
patients with advanced uterine cervical squamous cell
cancer before and after radiotherapy.

Subjects and methods

Subjects

Cervical tissue from 27 Japanese patients with advanced uterine
cervical squamous cell cancer (20 with FIGO stage I1IB, 5 with stage
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IVA and 2 with stage IVB) was compared with cervical tissue from
patients with benign gynecologic diseases (27 with uterine myoma,
2 with endometriosis, 3 with prolapse of the uterus and 1 with a
benign ovarian cyst; Table 1). The histologic subtype of the cancers
was classified according to the Japan Society of Obstetrics and
Gynecology (JSOG). Ten cancers were keratinizing, 14 were non-
keratinizing, and 3 were special type (2 papillary squamous cell
carcinoma and 1 verrucous carcinoma; Table 1). Radiotherapy for
patients with uterine cancer and the hysterectomies in the control
patients were performed at the Department of Obstetrics and
Gynecology of Kochi Medical School between May 1998 and April
2001.

Written informed consent for using the resected tissue for
research was obtained from all patients whose tissue was examined.

Irradiation

Radiotherapy was performed with external irradiation and intra-
cavitary irradiation. First, external irradiation was administered to
the whole pelvic region including the tumor up to 40 Gy. Following
the 40-Gy external irradiation, intracavitary irradiation was added.
All cancer patients received concurrent chemoradiotherapy after
irradiation with 20 Gy. However, no patient received chemo-
therapy while receiving up to 20 Gy irradiation.

Samples

Cancer tissue before irradiation was obtained by punch biopsy
from visible cancer lesions. Cervical tissue from the control group
was obtained from the uterine cervix immediately after hysterec-
tomy. Tissue samples were obtained by punch biopsy from each
cervix of both groups. Of the 27 patients with cervical cancer,
9 underwent a repeat biopsy of the cervical cancer tissue after
irradiation with 10 and 20 Gy. The tissue was washed with physi-
ologic saline, and then frozen at —70°C until measurement of TP
and DPD using an enzyme-linked immunosorbent assay (ELISA).
Cancer tissue samples from the same location of the cervix were
subjected to histopathologic analysis to verify that the tissue was
viable tumor, and not inflammatory or necrotic tissue.

Sample preparation for ELISA

The tissue samples were homogenized in a tenfold excess volume of
10 mM Tris-HCI buffer (pH 7.4) containing 15 mM NaCl, 1.5 mM
MgCl,, and 50 pM potassium phosphate, and then centrifuged at
10,000 g for 15 min. The supernatant was stored at —80°C until
assayed. The protein concentration of the supernatant was
determined using a DC protein assay kit (BioRad Laboratories,
Hercules, Calif.).

ELISAs

Levels of TP and DPD were measured by sandwich ELISAs with
two monoclonal antibodies (mAb) specific to human TP as
described elsewhere [19] and two mAbs specific to human DPD
as described elsewhere [13].

Statistical analysis

The unpaired 7-test was used to test the differences in the levels of
TP and DPD and the TP/DPD ratios before treatment compared
to the values in normal tissue. In tissue from the cancer patients,
Fisher’s Protected Least Significant Difference (PLSD) was used to
test the differences in the levels of TP and DPD and the TP/DPD
ratios before and after radiotherapy. P values less than 0.05 were
considered statistically significant. All values are presented as
means + SD.

Results

TP and DPD expression and TP/DPD ratio in
normal tissue and cancer tissue before treatment

Table 1 shows selected clinical characteristics of the
control and cancer patients, diagnosis and histologic
subtype, patient number, age, TP expression, DPD
expression and TP/DPD ratio in the cancer tissue before
treatment. Before treatment, TP expression in cancer
tissue was significantly higher than in normal tissue
(P<0.00001). However, DPD expression in cancer tis-
sue did not differ from that in normal tissue. The TP/
DPD ratio was also significantly higher in cancer tissue
than in normal tissue (P <0.00001; Table 1).

TP and DPD expression, TP/DPD ratio in normal
tissue and cancer tissue after radiotherapy

TP expression in cancer tissue did not differ before and
after irradiation with 10 and 20 Gy (P=0.87, Fisher’s
PLSD), but remained significantly higher than in
normal tissue (P=0.001 before irradiation, P =0.005
after 10 Gy irradiation, P=0.006 after 20 Gy irradia-

Table 1 Characteristics of patients, and TP and DPD expression and TP/DPD ratio in normal cervical tissue and cancer tissue before

treatment

Number
of patients

Cervical tissue Diagnosis and Age (years)
subtype

Median Range

TP (U/mg protein) DPD (U/mg protein) TP/DPD ratio

Normal Uterine myoma 27 48 37-76
Endometriosis 2 41 39-43
Uterine prolapse 3 69 67-75

Ovarian teratoma 1 36
Total 33 43 36-76
Squamous cell Keratinizing type 10 66.5 43-80
carcinoma Nonkeratinizing type 14 71.5 47-90
Special type® 3 70 66-77
Total 27 70 43-90

2374147 n=27)  79.8440.6 (n=12)  0.38+0.11 (1=12)

41.1+3.5 (n=2) 499 (n=1) 0.77 (n=1)
31.7425.2 (n=23) 10024344 (n=3)  0.31+0.17 (n=3)
11.8 (n=1) NE (n=0) NE (n=0)

25.1+£15.6 (n=233)
262.4+216.9 (n=10)
156.3£123.9 (n=14)
268.5+107.0 (n=23)
208.1+166.9 (n=27)*

76.4+£44.9 (n=16)
174141182 (n="7)
89.1£57.1 (n=10)
100.6+20.1 (n=2)
121.6+89.5 (n=19)

0.40+0.14 (n=16)
2354221 (n="7)
2.83£2.62 (n=10)
2.62+0.98 (n=2)
2.63+1.59 (n=19)*

NE, not examined
*P<0.00001 vs normal tissue (control), unpaired z-test
#Papillary squamous cell carcinoma and verrucous carcinoma
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Table 2 TP and DPD expression and TP/DPD ratio in normal cervical tissue and carcinoma tissue before and after radiotherapy. Values

are means = SD

Normal cervical tissue

Carcinoma tissue

Before irradiation

After 10 Gy irradiation after 20 Gy irradiation

TP (U/mg protein)
DPD (U/mg protein)
TP/DPD ratio

25.1+15.6 (n=233)
76.4+44.9 (n=16)
0.40+0.14 (n=16)

213.9+116.5 (n=9)"
139.0+117.0 (2=9)
3.0429 (n=9)"

232341593 (1=9)"
130.0+127.7 (n=9)
28+1.6(n=9)"

197.7+137.9 (n=9)">
86.8+77.1 (n1=9)
28422 n=9)"°

1P=0.001, 2P=0.005, *P=0.006, *P=0.028, P=0.002, “°P=0.011, vs normal tissue (control); unpaired r-test

tion; unpaired ¢-test) (Table 2). DPD expression in can-
cer tissue did not differ before and after irradiation with
10 and 20 Gy (P=0.56), and was not significantly dif-
ferent from that in normal tissue (P=0.19 before irra-
diation, P=0.25 after 10 Gy irradiation, P=0.67 after
20 Gy irradiation; unpaired r-test; Table 2). The TP/
DPD ratio in cancer tissue did not differ before and after
irradiation with 10 and 20 Gy (P=0.96), but was sig-
nificantly higher than in normal tissue (P =0.028 before
irradiation, P=0.002 after 10 Gy irradiation, P=0.011
after 20 Gy irradiation; unpaired -test; Table 2).

Discussion

Radiotherapy is used in patients with uterine cervical
squamous cell cancer as postoperative therapy and
especially as the primary therapy for inoperable disease.
Recently, five randomized trials of concurrent chemor-
adiotherapy have demonstrated a significant survival
advantage for patients with advanced and bulky cervical
cancer compared to radiotherapy alone [1, 2, 3, 4, 5].
Based upon this improved clinical outcome, the Na-
tional Cancer Institute (NCI) in 1999 recommended the
addition of chemotherapy to radiotherapy for the
treatment of patients with uterine cervical cancer [20].
However, the mechanism whereby concurrent chemor-
adiotherapy improves the clinical outcome has not been
clearly elucidated. Three of the five trials used 5-FU
together with cisplatin, and these also demonstrated
good results. 5-FU has been reported previously to en-
hance the clinical efficacy of radiotherapy in vitro [6, 7,
8]. Therefore we hypothesized that 5-FU and its related
enzymes may affect the efficacy of radiotherapy. In this
study, we investigated the expression of TP and DPD,
which are enzymes involved in 5-FU metabolism, in
cancer tissue before and after radiotherapy.

TP is a key enzyme in the conversion of capecitabine
and doxyfluridine into active 5-FU in tissue [12, 21].
DPD is a pyrimidine salvage enzyme that catabolizes
5-FU to the inactive dihydrofluorouracil [16, 17, 18].
Therefore, the TP/DPD ratio in cancer tissue is consid-
ered an important marker for estimating the cytotoxic
effect of capecitabine or doxyfluridine.

In principle, patients with cervical cancer of stages [
and II are scheduled for surgery in our hospital, and
patients with cervical cancer of stages III and IV
are scheduled for radiation (external irradiation and

intracavitary brachytherapy) and chemotherapy. In or-
der to obtain enough volume of sample and to investi-
gate the effects of radiation on the enzymes, we chose
patients with cervical cancer of stages III and IV,
excluding those with stages I and II.

This study was initiated first for the purpose of
investigating only the difference in TP levels between
cancer and normal tissue in the uterine cervix. We also
measured TP and DPD levels in the tissues simulta-
neously and investigated TP and DPD expression before
and after irradiation, because we doubted whether
radiation affected the expression of these two enzymes.
Therefore, the levels of TP only were measured in 17
control samples and 8 cancer samples, and the levels of
both TP and DPD were measured in 16 control samples
and 19 cancer samples. Finally, the levels of TP and
DPD before and after irradiation with 10 and 20 Gy
were measured in nine cancer samples.

TP expression before irradiation was significantly
increased in advanced cervical squamous cell cancer
tissue compared to that in normal tissue, possibly indi-
cating a higher sensitivity to the anticancer drugs cape-
citabine and doxyfluridine compared to normal tissue.
On the other hand, DPD expression in cancer tissue
before irradiation did not differ from that in normal
tissue. It has also been reported that DPD expression in
colorectal cancer does not differ from that in normal
tissue [22]. These results suggest that the ability to
catabolize 5-FU in cancer tissue is not different from
that in normal tissue in terms of DPD expression. The
TP/DPD ratio before irradiation in cancer tissue was
significantly greater than in normal tissue. An increased
TP/DPD ratio may indicate an increased 5-FU con-
centration in cancer tissue. We could not directly eval-
uate the sensitivity of the tumors to either capecitabine
or doxyfluridine. Nevertheless, an increased TP/DPD
ratio in cancer tissue would be expected to offer an
advantage in the treatment of cervical cancer with
capecitabine or doxyfluridine.

Sawada et al. [23] have reported that X-ray irradia-
tion upregulates TP expression in several human cancer
xenografts in nude mice, but does not upregulate TP
expression in SIHA human cervical cancer xenografts.
They have also reported that in the WiDr colon and
MX-1 mammary human xenograft models, the combi-
nation of a single dose of local X-ray irradiation to-
gether with either capecitabine or doxyfluridine is more
effective than radiotherapy or chemotherapy alone.



154

In this study, we measured the expression of TP and
DPD in cancer tissue after radiotherapy, but only up to
20 Gy because the cancers were too small to biopsy
beyond 20 Gy. TP expression and the TP/DPD ratio in
the cancer tissue were significantly increased following
irradiation with up to 20 Gy compared to the values in
normal tissue. There were no significant differences
among the groups before and after irradiation with 10
and 20 Gy. DPD expression did not differ in cancer
tissue after irradiation with up to 20 Gy and control
tissue, or in cancer tissue before and after irradiation
with 10 and 20 Gy.

In conclusion, increased TP expression and an ele-
vated TP/DPD ratio following irradiation with up to
20 Gy may offer an increased clinical advantage to
chemoradiotherapy with capecitabine or doxyfluridine
compared with radiotherapy alone. In particular, as
concurrent chemoradiotherapy, we recommend adding
chemotherapy with capecitabine or doxyfluridine from
the beginning of radiotherapy. However, further inves-
tigation is needed to clarify the effectiveness of che-
moradiotherapy with capecitabine and doxyfluridine.
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