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Intratumoral Dihydropyrimidine Dehydrogenase Messenger
RNA Level Reflects Tumor Progression in Human
Colorectal Cancer

Yoshinori Shirota, MD, Wataru Ichikawa, MD, Hiroyuki Uetake, MD, Hiroyuki Yamada, MD,
Zenro Nihei, MD, and Kenichi Sugihara, MD

Background: Determination of intratumoral dihydropyrimidine dehydrogenase (DPD) is of
clinical interest because increased DPD levels can influence the tumor response to 5-fluorouracil-
based chemotherapy through increased inactivation of the agent in tumor cells.

Methods: DPD messenger RNA (mRNA) levels were evaluated in 80 consecutive patients
undergoing surgery for primary colorectal cancer and 12 cases of liver metastasis.

Results: Higher DPD mRNA levels were associated with higher pathologic classification,
corresponding to the T categories (r = .267; P = .003). The DPD mRNA level was statistically
higher in tumors with microscopic lymph node metastasis than in those without (P = .002). Hence,
the DPD mRNA level increased in accordance with Dukes’ classification (r = .387; P = .0001). The
DPD mRNA level of the liver metastasis from colorectal cancer was significantly higher than that
of primary lesions (P = .002). In eight patients, the DPD mRNA level of the liver metastasis was
significantly higher than that of the matched primary tumor (P = .017).

Conclusions: Increases of the DPD mRNA level in cancerous tissue seem to reflect tumor
progression. High DPD mRNA levels in liver metastasis and advanced colorectal cancer may have
clinical importance for 5-fluorouracil-based chemosensitivity.

Key Words: Dihydropyrimidine dehydrogenase—S5-Fluorouracil—Reverse transcription-poly-
merase chain reaction—Messenger RNA level —Colorectal cancer—Metastatic liver tumors.

5-Fluorouracil (5-FU) is one of the most commonly
used anticancer agents in gastrointestinal cancer chemo-
therapy, whereas dihydropyrimidine dehydrogenase
(DPD; Enzyme Commission 1.3.1.2) is the rate-limiting
enzyme for 5-FU catabolism.! Recently, determination
of intratumoral DPD activity has been of clinical interest
because increased intratumoral DPD activity can influ-
ence the tumor response to 5-FU chemotherapy through
increased inactivation of the agent in tumor cells.>-*
Measurement of DPD activity in head and neck cancer
patients before 5-FU chemotherapy revealed that the
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tumor:normal DPD activity ratio was higher in nonre-
sponding patients than in responders, and this suggests
that increased intratumoral catabolism can influence tu-
mor response to 5-FU chemotherapy by decreasing the
amount of drug available to form cytotoxic nucleotides.®

The development of polymerase chain reaction (PCR)
technology has provided alternative methods for estimat-
ing enzyme activity.® Because routine measurement of
DPD enzyme activity is not technically feasible in many
institutes, the semiquantitative reverse transcription-PCR
(RT-PCR) method can be used to determine DPD levels
in small specimens, such as biopsy specimens, without
the need for a radioisotope.” We have already reported a
significant linear correlation between DPD activity and
DPD messenger RNA (nRNA) levels in human colorec-
tal cancer, indicating that the DPD mRNA level deter-
mined by semiquantitative RT-PCR reflects DPD activ-
ity.®8 Johnston et al.° reported the same positive
relationship between DPD mRNA level and activity by
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using real-time PCR methods. Moreover, the DPD
mRNA level has also been shown to influence the re-
sponse to 5-FU chemotherapy.1©

Takechi et al.’! reported that DPD activity increases in
accordance with the progression of cancer cells (increas-
es of cellularity and growth in size of the xenograft) in
cancer cell lines. DPD activity has also been measured in
surgical specimens from colorectal tumor and adjacent
normal tissue from 63 patients, including 3 with liver
metastasis.!> The DPD activity of the liver metastasis
specimens was higher than that of the primary colorectal
cancer in all three cases. Hepatic metastasis is one of the
main targets in chemotherapy for colorectal cancer, al-
though the difference in DPD mRNA levels between
primary and metastatic tumor tissue is unclear. Only a
few reports have investigated this difference in clinical
samples, and no previous study has compared DPD
mRNA levels between metastatic liver tumor and the
primary colorectal cancer.

In this study, we investigated 80 consecutive cases of
primary colorectal cancer that were surgically resected,
to clarify the relationship between intratumoral DPD
mRNA levels and tumor progression in human colorectal
cancer patients. Moreover, the DPD mRNA level of liver
metastasis tissue was compared with that in the corre-
sponding primary colorectal cancer without previous
5-FU-based chemotherapy.

MATERIALS AND METHODS

Patients and Samples

DPD mRNA levels were evaluated in 80 consecutive
patients (47 men and 33 women; average age, 64.6 years)
undergoing surgery for primary colorectal cancer and 12
patients (5 men and 7 women) with colorectal cancer
with liver metastasis treated between November 1996
and October 1998 at Tokyo Medical and Dental Univer-
sity, Tokyo, Japan. This study was approved by the
institutional review board of Tokyo Medical and Dental
University, and all patients gave written consent. Four of
the 12 liver tumors were synchronous metastases, and 8
were metachronous metastases. Thus, in 8 of these 12
patients, the DPD mRNA level could be determined in
both the primary cancer and the metastasis. Four of the
12 patients had undergone resection of the primary lesion
before November 1996. No patient had received 5-FU-
based chemotherapy before the study.

Immediately after resection, approximately 50 mg of
the tumor and adjacent normal tissue was removed,
flash-frozen in liquid nitrogen, and stored at —80°C until
the preparation of RNA extracts. Pathologic evaluation
of the remaining specimen was performed by the gastro-
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intestinal pathologist. No contamination of the normal
colonic mucosa or liver tissue in tumor samples was
histologically identified.

RT-PCR Semiquantification of DPD mRNA

RT-PCR-based semiquantification of DPD mRNA
expression was performed as previously described in
detail 81113 Total RNA was isolated as outlined by the
manufacturer of the RNeasy™ minikit (Qiagen Inc.,
Chatsworth, CA). RT was performed in a total volume of
100 wl containing 250 pmol of oligo(dT), 80 U of
RNasin™ ribonuclease inhibitor (Promega, Madison,
WI), and 500 U of Molony murine leukemia virus RT
(Gibco BRL, Gaithersburg, MD) in 50 mM of Tris-HCl
(pH 8.3), 75 mM of KCl, 3 mM of MgCl,, 10 mM of
DTT, and .5 mM of deoxynucleotide triphosphate solu-
tion. To minimize tube-to-tube variation and to normal-
ize DPD expression relative to an internal standard
gene,!!4-16 DPD mRNA and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH, as internal standard)
mRNA were coamplified in the same tube.

PCR primers were designed on the basis of the nucle-
otide sequence of human DPD!” and GAPDH, 8 as de-
scribed previously.® PCR was performed in a final vol-
ume of 50 ul containing 20 pl of complementary DNA,
40 pmol of each DPD primer, 2 pmol of each GAPDH
primer, and 1.25 U of Ex Taq™ polymerase (TaKaRa,
Shiga, Japan) in 5 ul of 10X Ex Taq buffer (TaKaRa)
and .2 mM of deoxynucleotide triphosphate solution, by
using a thermal cycler (PCR Thermal Cycler MP™;
TaKaRa). For accurate quantification, three different
complementary concentrations were used to determine
whether amplification had occurred in the linear phase.'®
PCR products were separated by 2.0% agarose gel elec-
trophoresis, stained with ethidium bromide, visualized
under an ultraviolet transilluminator, and photographed
on type 667™ film (Polaroid, Cambridge, MA). Positive
results were scanned with an image scanner (JX-330™T;
Sharp, Mahwah, NJ) and analyzed with the Image Mas-
ter 1D™ software package (Pharmacia Biotech, Piscat-
away, NJ). The relative amount of DPD mRNA was
expressed as the ratio of DPD mRNA to GAPDH
mRNA.

Statistical Analysis

The relationship between the DPD mRNA level and
Dukes’ staging2® or pT number (pathologic classifica-
tion, corresponding to the T categories described by the
International Union Against Cancer?!) was assessed with
Spearman’s rank test. Comparisons of DPD mRNA level
among other clinicopathologic factors were performed
with the Mann-Whitney U-test. Comparisons of DPD
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mRNA Jevel between liver metastasis and colorectal
cancers were performed with the Mann-Whitney U-test.
Comparisons of the DPD mRNA level between matched
liver metastasis and primary colorectal cancers were
made by using the Wilcoxon signed-rank test in eight
cases. Statistical significance was established at the P <
.05 level for each analysis.

RESULTS

The DPD mRNA level was assessed in 80 consecutive
primary colorectal cancer patients. Table 1 shows a com-
parison of the DPD mRNA level in primary colorectal
tumor tissue among patients’ clinicopathologic factors.
No significant difference in DPD mRNA level was ob-
served among sex, age, location, histological type, and
size of the tumor. Higher DPD mRNA levels were as-
sociated with higher pT numbers (r = .267; P = .003;
Spearman’s rank correlation). The DPD mRNA level
was statistically higher in tumors with microscopic
Iymph node metastasis than in tumors without (P = .002;
Mann-Whitney U-test). Thus, the DPD mRNA level
increased in accordance with Dukes’ classification.20
The median DPD mRNA level for each Dukes’ stage
was as follows: Dukes A, .250; Dukes B, .332; Dukes C,
.504; and Dukes D, .531 (r = .387; P = .0001; Spear-

TABLE 1. A comparison of the DPD mRNA levels in
tumor tissue among patients’ clinicopathologic factors

Clinicopathologic value n DPD mRNA P value
Sex

Male 47 45

Female 33 33 NS
Age

=65y 45 43

>65y 35 .38 NS
Location

Colon 48 .37

Rectum 32 42 NS
Histological type

Well 38 32

Moderate 36 50

Poor 6 48 NS
Size of tumor

=50 mm 39 .39

>50 mm 41 42 NS
Depth of invasion

Tis 4 23

T1 4 32

T2 13 47 .048

T3 34 48

T4 25 98
Lymph node metastases

Negative 35 .30

Positive 45 50 002

DPD, dihydropyrimidine dehydrogenase; mRNA, messenger RNA;
NS, not significant.

man’s rank correlation). In addition, the DPD mRNA
level was statistically higher in tissue from tumors with
lymphatic permeation than from those without (P =
.010; Mann-Whitney U-test). Similarly, the DPD mRNA
level was statistically higher in tissue from tumors with
vessel involvement than from those without (P = .013;
Mann-Whitney U-test).

Measurement of the DPD mRNA level was possible in
all 12 cases with metastatic liver tumors. The DPD
mRNA level in hepatic metastatic foci was significantly
higher than that in primary lesions (median DPD:
GAPDH ratio, .86 and .40, respectively; P = .002;
Mann-Whitney U-test; Fig. 1). The DPD mRNA level of
liver metastasis tissue was higher than that of matched
primary colorectal cancer foci for all eight cases, with a
median DPD:GAPDH ratio of .89 and 45, respectively
(P = .017; Wilcoxon signed-rank test; Fig. 2). No cor-
relation was observed between DPD mRNA levels in
primary colorectal cancer and liver metastasis. The DPD
mRNA level in normal liver tissue was statistically
higher than in metastatic liver tumor from colorectal
cancer (median DPD:GAPDH ratio, 3.188 and .831, re-
spectively; P = .0019; Wilcoxon signed-rank test). No
correlation was found between the DPD mRNA Ievel in
the liver metastases and paired normal liver tissue.

DISCUSSION

This study demonstrated that the DPD mRNA level in
liver metastasis tissue is statistically higher than in pri-
mary colorectal cancer, similar to Johnston et al.?, who
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FIG. 1. A comparison of the dihydropyrimidine dehydrogenase
(DPD) messenger RNA (mRNA) levels in the hepatic metastatic foci of
12 patients and primary foci in colorectal cancers of 84 patients. The
DPD mRNA levels in hepatic metastatic foci were significantly higher
than those in primary foci (median DPD:glyceraldehyde-3-phosphate
dehydrogenase ratio, .86 and .40, respectively; P = .0020; Mann-
Whitney U-test).
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FIG. 2. A comparison of the dihydropyrimidine dehydrogenase
(DPD) messenger RNA (mRNA) levels in hepatic metastatic foci and
those of matched primary colorectal cancer. The DPD mRNA levels of
the liver metastatic foci were significantly higher than those of the
matched primary colorectal cancers (median DPD:glyceraldehyde-3-
phosphate dehydrogenase ratio, .89 and 45, respectively; P = .017;
Wilcoxon signed-rank test).

reported that the median DPD mRNA expression in
colorectal liver metastasis was higher than that in pri-
mary colorectal tumor. Furthermore, significantly higher
DPD activity has also been reported in liver metastasis
than in primary colorectal cancer.'> Moreover, signifi-
cantly higher DPD mRNA levels of metastatic liver
tumors were observed between matched primary cancer-
ous and metastatic tissue in our study. Thus, the differ-
ence in DPD mRNA expression between primary cancer
tissue and liver metastasis should be taken into account
when predicting the antitumor effect of 5-FU-based
chemotherapy.

DPD activity is found in most human tissues, with the
highest levels in liver and peripheral mononuclear
cells.?223 In this study, the DPD mRNA level in normal
liver tissue was statistically higher than in metastatic
liver tumor from colorectal cancer. No correlation was
found between DPD mRNA levels in liver metastases
and paired normal liver tissue; this indicates that the
mechanism for regulation of DPD gene expression dif-
fers between liver metastasis and normal liver tissue.
Similarly, no correlation was observed between DPD
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mRNA levels in primary colorectal cancer and liver
metastasis. We have already reported a significant linear
correlation between DPD activity and mRNA levels in
human colorectal cancer.8 However, little is known about
the details of the regulation mechanism of DPD in either
primary or metastatic tumors. Takenoue et al.?* reported
a poor correlation between DPD mRNA and protein
levels. The regulation system of DPD mRNA and protein
expression is still unclear.

In this analysis of 80 consecutive cases of colorectal
cancer, higher intratumoral DPD mRNA levels were
observed in tumors with a higher pT number and the
presence of lymph node metastasis. OQur 80 consecutive
patients with surgically resected colorectal cancer in-
cluded Dukes’ A to D patients (not only patients with
far-advanced or recurrent cancer about to be treated with
5-FU), and this enabled clarification of the relationship
between intratumoral DPD mRNA levels and tumor pro-
gression in human colorectal cancer. The results suggest
that increases in the intratumoral DPD mRNA level
reflect tumor progression in human colorectal cancer.
Thymidine phosphorylase (Enzyme Commission 2.4.2.4),
another metabolic enzyme of nucleic acid expression, is
also reported to correlate with tumor malignancy.?> In
addition, in 163 patients with colorectal cancer, high
thymidine phosphorylase levels were associated with
poor clinical outcome.?¢ DPD is supposed to be one of
the catalytic enzymes of nucleic acid that has higher gene
expression in tumors with higher malignancy.

In summary, we have shown that a higher DPD
mRNA level in tumors is associated with higher pT
number and the presence of lymph node metastasis.
Furthermore, a higher level of DPD mRNA was ob-
served in liver metastasis than in primary colorectal
cancers. Such high DPD mRNA levels in liver metastasis
and highly advanced colorectal cancer may have clinical
importance for 5-FU-based chemosensitivity, because of
rapid degeneration of this anticancer agent by DPD. For
highly advanced colorectal cancer, the results of this
study suggest that the administration of a DPD inhibitor,
perhaps containing a fluoropyrimidine, may improve the
response to chemotherapy.
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