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We determined the thymidylate synthase (TS) levels in colorectal cancer tissue specimens and
then investigated the potential of using the TS levels as a prognostic factor in colorectal cancer. The
subjects consisted of 44 patients with colorectal cancer who had been treated by a resection. The
specimens were assayed by Western blotting using anti-human recombinant TS polyclonal antibody.
The TS level was then determined semiquantitatively by an image analysis of the obtained bands.
When the TS levels were viewed in the context of clinicopathological factors, low TS levels were
seen in patients with positive serum carcinoembryonic antigen, lymph node metastases, liver metas-
tases, and high grade lymphatic invasion. In patients with advanced Dukes stage, the TS levels were
also low, thus suggesting that some correlation may exist between the stage and the TS levels. We
concluded that the TS levels in colorectal cancer thus predicted the outcome of the disease, and

therefore the TS levels may be useful as a prognostic factor.

Introduction

In recent years, the number of colorectal can-
cer (CRC) cases has been increasing in Japan. Af-
ter the initial diagnosis, 77.2% of these patients
undergo curative surgical treatment”. Over 50%
of all patients show a favorable prognosis. How-
ever, 15~20% of these patients develop recur-
rent disease and die. Therefore, after a curative
resection, many CRC patients are treated with 5-
FU-based adjuvant chemotherapy.

Thymidylate synthase (TS) catalyzes the meth-
ylation of deoxyuridine monophosphate (dUMP)
to deoxythymidine monophosphate (dTMP). This
reaction is an essential step in DNA biosynthe-

sis?. In addition, TS is also a target enzyme for

fluoropyrimidine drugs” which are often used
during chemotherapy in CRC patients in order to
induce biochemical modulation?™®. The effect of
5-FU is mediated by its metabolite 5-fluoro-2'-
deoxyuridine 5-monophosphate (FdUMP). The
availability of FAUMP determines the extent of
TS inhibition, which is thus mediated by the for-
mation of a covalent ternary complex consisting
of TS, FAUMP, 5,10-methylene-tetrahydrofolate
(CH2FH4)?. Several papers have reported that
an over expression of TS in tumors may thus rep-
resent an important protective mechanism in re-
sponse to fluoropyrimidine™®.

On the other hand, recent studies have re-
ported a correlation between the TS levels in hu-
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man cancer and the prognosis. However, the as-
sessment of the intratumoral TS levels regarding
prognosis have been diverse, because of differ-
ences in both the objectives and the methodolo-
gies for measuring the TS levels” ™", We there-
fore measured the intratumoral TS levels in sur-
gically resected specimens from CRC patients us-
ing the Western blotting method with anti-hu-
man recombinant TS (r'TS) polyclonal antibody'?
because no previous study had ever measured
the TS levels using this method. We also investi-
gated whether or not a correlation exists be-
tween the intratumoral TS levels and other prog-
nostic factors, to clarify the role of the TS levels
in colorectal cancer patients.
Patients and Methods

Patients population

From 1989 to 1995, the TS levels were meas-
ured in a random sampling of 44 patients who un-
derwent surgical resections for primary colorec-
tal adenocarcinoma which had been confirmed
histologically and had never been previously
treated with anticancer drugs. All resected le-

sions were divided into two specimens; one was

processed for a routine pathological examination
while the other extracted from the edge of tumor
was frozen immediately in liquid nitrogen and
then stored at — 80 C until Western blotting was
performed.

The clinicopathological features are summa-
rized in Table 1. Dukes classification was used for
the clinical stage and depth of tumor invasion.
The histological typing, lymphatic invasion and
venous invasion were all determined based on
the criteria of the Japanese Classification of Col-
orectal Carcinoma”. Thirty-five patients were
also treated with fluoropyrimidine after surgery.

Preparation of tissue lysates for Western bl-
otting

The tissue samples were placed in lysis buffer
and homogenized immediately using a tissue ho-
mogenizer. The lysates were centrifuged at
14,000 rpm for 20 min at 4 C, and the supernatant
was separated from the tissue. The protein con-
tent was measured and determined to bé 6 mg/
ml using the Bio-Rad protein assay kit (Veemen-
daal, Netherlands).

Table 1 Summary of clinicopathologic features

Variable

No. of patients

(n=44)
Age(yrs) 62.2(30 ~ 83)
Gender male 22
female 22
Tumor site right colon 13
left colon 20
rectum 11
Histological type well differentiated 21
moderately differentianted 20
poorly differentiated 3
Dukes stage A 4
B 15
C 17
D 8
Chemotherapy (fluorouracil) preoperative 0
adjuvant 29
therapeutic 6
none 9
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Anti-TS polyclonal antibody

Anti-human rTS polyclonal antibody was pro-
vided by the Second Cancer Research Labora-
tory (Taiho Pharmaceutical Co, Tokyo). The
specificity of the purified antibodies was exam-
ined by a Western blot analysis using CCRF-
CEM cytosol, a human leukemia cell line produc-
ing TS"?.

Western blot analysis

According to the method of Okabe et al'”?, ali-
quots of the above described supernatant were
heated for 2 min in a boiling water bath and then
30 ug protein/lane were placed in 12.5% poly-
acrylamide gel. A 5 ng/lane of rTS protein was
applied as a positive control. After electrophore-
sis, the proteins were electrically blotted to the
poly vinilidine difluoride (PVDF) membrane at
4 C. The TS proteins in the membrane were im-
munochemically detected by the Avidin-Biotin-
Complex (ABC) method. The anti-human rTS
polyclonal antibody was used as a primary anti-
body. The blots were then air-dried and covered
by plastic foil. Densitometry scanning of the
membrane was performed using a Canoscan 600
(Canon Inc, Tokyo) and the findings were ana-
lyzed using an image analysis software program
(NTH IMAGE v. 1.61; GWayne Rasband, National
Institute of Mental Health, NIH). The TS score
was determined by densitometry scanning.

All investigators were blinded to the clinical
and pathological data. The TS densitometry
score was calculated as follows : (Densitometry of
sample TS)/ (Densitometry of positive control) X
1000. We investigated any correlations between
the TS densitometry score and such clinicopa-
thological prognostic factors as age, gender, tu-
mor site, histological type, depth of tumor inva-
sion, serum carcinoembryonic antigen (CEA) lev-
els, lymph node metastasis, hepatic metastasis,
lymphatic invasion, venous invasion, Dukes stage

and survival parameters.

Statistical analysis

A statistical analysis was performed using the
nonparametric Mann—Whitney U ranking test
and the Kruskal-Wallis test. The survival rate
was determined based on the Kaplan—Meier esti-
mates. The log-rank test was used to test the dif-
ference in survival. Statistical significance was
considered to exist when p<<0.05.

Results

The membrane immunochemically detected
TS proteins are showed in Fig. 1. The analyzing
densitometry of the membrane are showed in
Fig. 2. The TS densitometry scores of all patients
are showed in Fig. 3. The average TS level was
714.

Regarding the clinicopathological features, nei-
ther age, gender, tumor site, histological type, nor
venous invasion correlated with the TS densi-
tometry score (Table 2).

Regarding the preoperative serum CEA level,
the average TS densitometry score of the CEA
negative group (<25 ng/ml) was 77.1, while the
CEA positive group (=25ng/ml) was53.1 (p=
0.0325). As for lymph node metastasis, the nega-
tive group was 87.4, while the positive group was
56.7 (p=0.0022). Regarding liver metastasis, the
TS densitometry score was 77.8 in the negative
group, and 42.6 in the positive group (p=0.0106).
For lymphatic invasion, the negative or low
grade (ly0, lyl) group was 77.7 while the high
grade (ly2, ly3) group was 49.7 (p=0.0269). Re-
garding Dukes staging, the TS densitometry
scores were as follows: Dukes A: 1174, Dukes B:
81.7, Dukes C: 64.9, Dukes D: 42.6 (p=0.0030).

To determine whether or not any correlation
existed between the survival and the TS densi-
tometry score, the patients were divided into
three groups consisting of: a low TS group (TS
<60), a middle TS group (60<TS<100), and a
high TS group (TS=100). As a result, a correla-

tion was observed between the TS densitometry
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Fig.1 Western blot analysis
The TS proteins in the PVDF membrane were immunochemically detected by the
ABC method with anti-human rTS polyclonal antibody. — : TS protein of positive
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score and prognosis (Fig.4).
Discussion

Recent anticancer chemotherapy modalities
designed to achieve biochemical modulation have
helped to improve both the efficacy of chemo-
therapy and the survival rate of colorectal cancer
patients””. We used low-dose leucovorin/5-FU
therapy in both patients with unresectable ad-
vanced CRC and those with recurrent disease. To
prolong the survival time, the optimal administra-
tion procedure of this therapy should thus be de-
termined. If the sensitively of tumor cells to 5-FU
can be predicted, then the use of inappropriate
anticancer therapy can be reduced. The resis-
tance of tumor cells for 5-FU is considered to be
regulated by the expression levels of TS in tumor

Fig.2 Densitometry of the membrane
These were analyzed using NIH IMAGE. +— . TS
densitometry of positive control. The TS densitome-
try scores were calculated as follows :
(Area of densitogram of sample TS)/(Area of densi-
togram of TS of positive control) X 1000.
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Fig.3 TS densitometry scores in 44 patients
The mean of score was 71.4 and range was 12.4~159.8.

Table 2 Relation between clinicopathologic features and TS densitometry

score
Variable n mean of TS p value
Age(yrs) <62 20 70.2 NS
> 62 24 722
Gender male 22 76.4
female 22 663 NS
Tumor site right colon 13 55.9
left colon 20 816 NS
rectum 11 73.2
CEA negative 25 771
positive 16 53.1 0.0325
Lymph node metastasis negative 21 874
positive 23 56.7 0.0022
Liver metastasis negative 36 778
positive 8 426 0.0106
Depth of invasion limitted to the wall 6 94.3
extended through the wall 38 67.7 NS
Histological type* well differentiated 21 745
moderately differentiated 20 64.1 NS
poorly differentiated 3 97.1
Lymphatic invasion* 1y0, Iyl 34 777
Iy2, ly3 10 97 00269
Venous invasion* v(0, v1 39 72.3
v2, v3 5 638 1
Dukes stage A 4 1174
B 15 81.7
C 17 a9 00030
D 8 42.6

* | Japanese classification of colorectal carcinoma, NS ! not significance.
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Fig. 4 Overall cumuiative survival curves at each
TS levels
The 5-year cumulative survival rates were 45.2% in
the low TS group, 66.1% in the middle TS group
and 85.7% in the high TS group. * : significant dif-
ference was observed between each groups at p=
0.0336.

cells.

Berger et al'’ and Swain et al" reported that
an overproduction of TS, as a result of gene am-
plification, has been shown to be associated with
5-FU resistance. In addition, Chu E et al'® re-
ported, in a study of human breast and colon can-
cer cell lines exposed to 5-FU, that resistance was
associated with increased levels of TS. Peters et
al”” reported in a clinical study that colon cancers
with upregulated TS levels were noted to be re-
sistant to 5-FU. There are differences between
the patients who received chemotherapy and the
patients who did not, then we can not compare
the two groups. There were nine patients in the
untreated group, three patients were too old for
chemotherapy, three were Dukes A and three
were Dukes D.

Although the relationship between the TS lev-
els in tumor cells and the patients’ prognoses has
been recently discussed in the literature, this hy-
pothesis still remains controversial. In all studies
reported to date, binding assays, immunohisto-
chemical studies, and semiquantitative assays of
mRNA have been used to determine the TS lev-

els. However, Western blotting, which is a
semiquantitative procedure, has so far never
been used to determine the TS protein levels.

We, therefore, semiquantitatively assayed the
TS of tumor cells in patients with coloréctal can-
cer using Western blotting, and thus estimated
the TS level from the calculated TS densitometry
score, in order to investigate the relationship be-
tween the TS levels and clinicopathological fac-
tors. The results of this investigation showed the
TS levels to decrease in patients with increased
serum CEA levels before operation, lymph nodes
containing metastasis, liver metastasis, and a
high-degree of lymphatic invasion, which thus in-
dicated that a significant correlation existed be-
tween the TS levels and clinicopathological fac-
tors. The stage of cancer based on Dukes classifi-
cation was inversely proportional to the TS lev-
els. The TS levels significantly decreased in pa-
tients with advanced-Dukes stage cancer. When
the patients were classified according to the TS
levels, the lower TS group had a poorer outcome
than the higher TS group. There was the corela-
tion between intratumoral TS levels and the
prognostic factors including serum CEA level,
lymph node metastasis, liver metastasis, lym-
phatic invasion, and Dukes stage, but multivari-
ant analysis showed TS was not indipendent vari-
able for prognosis.

Our results contrasted sharply with those re-

1*¥, Yama-

ported by Johnston et al”, Lenz et a
chika et al'”. Johnston et al” qualitatively deter-
mined the TS level in cancer tissue obtained from
patients with rectal cancer using an immunohis-
tochemical method, and thus classified patients
into a low intensity group and a high intensity
group according to the intensity of the TS reac-
tion assessed with a visual grading system. They
reported the low intensity group to have a better
outcome than the high intensity group. Lenz et
al” determined the TS mRNA level by poly-

—626—



merase chain reaction in biopsy specimens ob-
tained from patients with gastric cancer, and also
reported patients with low TS mRNA levels (<
4.6 X 10°° TS/b-actin, and who were treated with
5-FU-based chemotherapy, to have a more favor-
able outcome than patients with a high TS
mRNA level (>4.6 %107 TS/b-actin) . Yamachika
et al'¥ qualitatively determined the TS levels in
tumor tissue specimens obtained from patients
with CRC by immunostaining with polyclonal an-
tibody, and classified the patients into a TS-
negative group (<10%) and a TS-positive group
(=10%) based on the percentage of positive cells.
They also reported the TS-negative group to
have a more favorable outcome than the TS-
positive group. Western blotting thus appears to
be a more objective method to determine the pro-
tein TS levels, although no definitive conclusions
can be made until further comparison studies are
performed.

On the other hand, Sanguedolce et al'® ob-
tained results consistent with ours. They deter-
mined the TS levels in tumor tissue specimens
obtained from patients with colorectal cancer us-
ing a binding assay. They reported the TS levels
to be higher in Dukes A tumors than in Dukes D
tumors, and also described that patients with
lower TS levels also had a significantly increased
risk of death. We consider our results to be con-
sistent with their results because the TS levels
determined by Western blotting with polyclonal
antibody correlated with the TS levels deter-
mined by a binding assay'’.

Our results suggest that tumors with de-
creased TS levels appear to have an increased
level of malignancy. Since highly malignant cells
are known to have increased cell division and cell
proliferation activities, DNA synthesis is thus
considered to be activated in these cells. If so,
then the TS levels would normally be expected to
be elevated. We therefore think that the TS level

decreases as a result of cancer growth, either be-
cause the amount of TS is limited or since more
TS is being used than is produced. As for the dif-
ference in the results of the measuring method,
one must take into consideration the fact that the
TS activity can only be measured by a TS bind-
ing assay and there is possibility that TS is not
distributed homogeneously in cancer lesions.
Therefore, it is necessary to evaluate the same
specimens using different procedures in order to
accurately determine the TS expression in pa-
tients with cancer.

We think another hypothesis that DNA biosyn-
thesis depends on the actions of the de novo bio-
synthetic pathway, mediated by deoxy thymid-
ylate synthase (TS), and the salvage pathway,
mediated by thymidine (TdR) kinase. Another
salvage enzyme levels, like TdR kinase, may be
increased instead of TS levels in the patients with
advanced colorectal cancer®.

Acknowledgments

We thank Dr. Masakazu FUKUSHIMA (Sec-
ond Cancer Research Laboratory, Taiho Pharma-
ceutical Co. Ltd.) for his valuable discussions,
technical assistance and for kindly providing the
polyclonal antibodies.

References

1) Japanese Society for Cancer of the Colon and
Rectum : Multi-institutional registry of large bo-
wel cancer in Japan. Vol. 15. Japanese Society for
Cancer of the Colon and Rectum, Tokyo (1998)

2) Danenberg PV: Thymidylate synthase: a target
enzyme in cancer chemotherapy. Biochim Bio-
phys Acta 437: 73-92, 1977

3) Langenback RJ, Danenberg PV, Heidelberger
C: Thymidylate synthase: mechanism of inhibi-
tion by 5-fluoro-2'-deoxy-uridylate. Biochem Bio-
phys Res Commun 48: 1565-1571, 1972

4) O’ Connell MJ: A phase III trial of 5-fluorouracil
and leucovorin in the treatment of advanced col-
orectal cancer. Cancer 63: 1026-1030, 1989

5) Poon MA, O’ Connell MJ, Moertel CG et al: Bio-
chemical modulation of fluorouracil: Evidence of
significant improvement of survival and quality

—627—



6)

8)

9)

10)

11)

12)

of life in patients with advanced colorectal carci-
noma. J Clin Oncol 7: 1407-1418, 1939

Pallavicini EB, Porta C, Moroni M et al: Folinic
acid does improve 5-fluorouracil activity in vivo.
Results of a phase III study comparing 5-
fluorouracil and folinic acid in advanced colon
cancer patients. ] Chemother 5: 52-55, 1993
Johnston PG, Lenz HJ, Leichman CG et al:
Thymidylate synthase gene and protein expres-
sion correlate and are associated with response to
5-fluorouracil in human colorectal and gastric tu-
mors. Cancer Res 55: 1407-1412, 1995

Beck A, Etienne MC, Cheradame S et al: A role
for dihydroprymidine dehydrogenase and thym-
idylate synthase in tumour sensitivity to fluoro-
uracil. Eur J Cancer 30: 1517-1522, 1994

Johnston PG, Fisher ER, Rockette HE et al: The
role of thymidylate synthase expression in prog-
nosis and outcome of adjuvant chemotherapy in
patients with rectal cancer. J Clin Oncol 12: 2640—
2647, 1994

Sanguedolce R, Vultaggio G, Sanguedolce F et
al: The role of thymidylate synthase levels in the
prognosis and the treatment of patients with col-
orectal cancer. Anticancer Res 18: 1515-1520,
1998

Yamachika T, Nakanishi H, Inada K et al: A
new prognostic factor for colorectal carcinoma,
thymidylate synthase, and its therapeutic signifi-
cance. Cancer 82: 70-77, 1998

Okabe H, Tsujimoto H, Fukushima M: Prepara-
tion of the antibodies against recombinant human
thymidylate synthase for the detection of its in-

—628—

13)

14)

15)

16)

17)

18)

19)

tratumoral levels and the application to
sensitivity-study of 5-fluorouracil. Oncol Report 4:
685-690, 1997

Japanese Society for Cancer of the Colon and
Rectum: Japanese Classification of Colorectal Car-
cinoma. Kanehara, Tokyo (1997)

Berger SH, Chung-Her J, Johnston LF et al:
Thymidylate synthase overproduction and gene
amplication in fluorodeoxyuridine-resistant hu-
man cells. Mol Pharmacol 28: 461-467, 1985

Swain SM, Lippman ME, Egan EF et al:
Fluorouracil and high dose leucovorin in previ-
ously treated patients with metastatic breast can-
cer. ] Clin Oncol 7: 890-899, 1989

Chu E, Drake JC, Koeller DM et al: Induction of
thymidylate synthase associated with multidrug
resistance in human breast and colon cancer. Mol
Pharmacol 39: 136-143, 1991

Peters GJ, Vam der Wilt CL, Van Groeningen
CJ et al: Thymidylate synthase inhibition after
administration of 5-fluorouracil with or without
leucovorin; Implications for treatment with 5-
fluorouracil. J Clin Oncol 12: 2035-2042, 1995

Lenz HJ, Leichman CG, Danenberg KD et al:
Thymidylate synthase mRNA level in adenocar-
cinoma of the stomach: A predictor for primary
tumor response and overall survival. ] Clin Oncol
14: 176-182, 1995

Katherine YL, David HM, Gregory PS et al: In-
creased thymidine kinase and thymidylate syn-
thase activities in human epithelial ovarian carci-
noma. Anticancer Res 17: 23532356, 1997



KEFR(CH (T 2 EFEBEA Thymidylate Synthase & EaRBRIEZNEFOBEIC DLW T DS

REZTFERNAYE WES W 4 G PR RER)
R AR B R 2R

Thymidylate synthase (TS) & DNA &R AEET, 7k ) I VUV RIEFRIOIEHIZD
M5 LTWwa. 2 CRBRBOEEMEN TS24 ME L, RIKREENET & OBED S ESEE DR
L L TCOWREMEIZDWTHET L 72, dF5R1E 1989~1995 4E £ TORBEYWRFID 5 b, k% Bt
FRELTBV MU BITHS. FEITHEFEEA»OEHA LB L, —XPUERE LTHE b recombinant
TSRV 7 a—FVHifkx HwT, Western blot 35T TS ##H L7z, & HIZHE & N72N Y N2 %
f#HT L, positive control & DA S TS EEZPEEILL, HKRHEEWET L O # 2 MK L.
KRB ANRTF O B, Fke, MR, EELE, MRENSHE, FREBEIZOWTE, TSEE OMEIT
D LN o 7z, el CEA ED SIZBBMESIC TS RETH v, 720 Y EiiB RS, ik
BB, ) YRR E RERT TS I3KMTh - 72, Dukes 7D H A S & AT LAERITE
TSIZKMETH U, Dukes 3HE TS & ORICEEZ D2, S SR %E TS fEh O EMER, FHEE,
EERED 3EEIIDT S L, TSHEPRVIZETFRIIART, FHEIICEZRDL. DEOKRIrS, K
BB\ BT BB TS BIZESREORIEL 2L L EZ N,
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