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Significance of Thymidylate Synthase Expres-
sion in Colorectal Cancer

Byung Wook Min, M.D., Jeong Hoon Hong, M.D., Kyung
Bum Lee, M.D. and Hong Young Moon, M.D.

Purpose: Thymidylate synthase (TS) is the target enzyme
for 5-fluorouracil (5-FU). It is known that TS is related to
response, and resistance, following chemotherapy due to
colorectal cancer. The object of this study was to identify
the clinical significance of TS as a prognostic factor, and
its influence on 5-FU based chemotherapy in colorectal
cancer.

Methods: We performed a retrospective study on 105 con-
secutive patients who were operated on, at the Department
of Surgery, Korea University, College of Medicine, for co-
lorectal cancer between Jan. 1994 and Dec. 1995. We used
formalin fixed, paraffin embedded tissues of resected speci-
mens for our study. For the semi-quantitative study, the
specific monoclonal antibody, TS106, was used for immuno-
histochemical staining. Interpretation of the immunohistoche-
mical staining, for intratumoral TS expression, was divided
into 4 grades: intensity 0, 1+, 2+, 3+ were defined as,
a total absence of TS immuno staining, less than 25%, 25~
50% and more than 50%, of tumor staining positive, re-
spectively. Grades 0, 1+, and 2+ were regarded as low
TS expression groups and 3+ regarded as a high TS
expression group. We then analyzed 5-year survival rates,
according to Dukes’ stage, and whether systemic chemo-
therapy was performed, or not, according to TS expression.
Results: Of the 105 patients, 91 (86.7%) showed TS ex-
pression, 21 (20%) with high TS expression and 84 (80%)
were low TS expression. As Dukes’ stage advanced, the
incidence of high expression of TS increased (P=0.048). In
Dukes' stage B2, 5-year survival rates for the low TS
expressed group was better than for the high TS expressed
group (P=0.0052). In patients who received postoperative
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chemotherapy, 5-year survival rates for the low TS ex-
pressed group were better than for the high TS expressed
group (P=0.049).

Conclusion: These data suggest the expression of intra-
tumoral TS, studied by immunohistochemical staining, is
relevant to the prognosis of colorectal cancer, especially
Dukes’ stage B2. It is also related to the response rate of
5-FU based systemic chemotherapy in colorectal cancer. (J
Korean Surg Soc 2002;62:408-414)

Key Words: Colorectal cancer, Prognostic factor, Tymidylate
synthase (TS)
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TolH, AEI Y FdX = 150E At Husta
Ath(5,6) 1AWl A 2] Thymidylate Synthase (TS) enzyme
pathways= X HAHEZQl deoxyuridine monophosphate
(dUMP)7} DNAZAloll H4 § 491 thymidylate synthase
(TS)9] Arg-ol 23] deoxythymldjne monophosphate (d{TMP)
& A3tw]o] DNAE st g olw (Fig. 1), thgholl A
71 B o 2 o] &5 &dAlQl 5-fluorouracil (5-FU)-<
HAZAGAIZ ANl A fluorodeoxyuridine monophosphate
(FAUMP)E tjAtE]o] dUMP WAl TS®} Zdtsle] dTMPL
AAS AAA]A A EZe] DNATA S Whallsl= E39-5
Ellict TSE 5-FUS EHE4AZ GAIZW TS B4X&
5-FUol| th3k vh3-53 ul#] Al ki &4+,7,8)

]Eﬂ 5-FUl| 3k A kA 2k = fado] glekar 3t (9,10)

2 aTolAE dde A% gz o 24
Tse] vl A} Ao AEE) akaetael ot
WA deke dolraz shich

g B
D g

A= 19949 19HE] 19959 129714 mydista

AJ/]'TH—. Hawoo) ] Aot 7 f4ES APt 1059
9 35 o slglen, o5 iLx},] Zokz 2] TS

EA| o K5 dolr 7] 9Jste] TS106 TFHEFEA AL o) &
ok Wz 318 A Alssladch. AT el =
1057 9] $tA=9] 44 AL Aol 617, of4]o] 447
o|gle ﬁ”*’da-‘" 56.540] At} Fk] A= 54
Aolo| zgcﬂ )73 A0} o) 804] F= 9l sAF AAkto] 19
of, 283 2‘% gte] s0efle] ek, kA= W BEE
Dukes’ A7} 14|, B1o| 104]], B27} 424], C1o] 3], C27} 33
ol, D7} 16edlo] o ch(Table 1). & ¥ Hzgt3exsr
5-FUE Agslo] 289 F712 635 AJ38slgl o, 1054
o 3} T g F B2 55 AlHE 57} 68

ell, Al °§3}X1 ‘3%% 7357t 37el0%lek. g F Haddd
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De novo pathway —» dUMP

i<—| thymidylate synthase

dTMP dTDP

thymidine dTTP

dUMP=deoxyuridylate

dTMP=thymidylate DNA
dTDP=thymidine triphosphate

dTTP=thymidine triphosphate

Fig. 1. The thymidylate synthase enzyme pathway.
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Table 1. Clinical characteristics of 105 patients

Characteristic No. of patients (%)

Age (years)* 56.53+13.44
Sex Male 61, Female 44
Location of tumor

Right colon 28 (23.8)
Transverse colon 8 (7.6)
Left & sigmoid colon 19 (19.0)
Rectum 50 (49.5)
Stage (Modified Dukes’)

A 1 (1)

Bl 10 (9.5)
B2 42 (40)

Cl 3 (2.9
C2 33 (31.4)
D 16 (15.2)

* = mean value+standard deviation.
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modified Dukes’ staging 2" oll ]3|

U 1/]- TT’—__LZl'v/] AIL%O E] o]—O]-X]E‘,] H]—o
e um A B8 A5 42 SPSS 9.0 54
ZZadS o] g3l o, vk ak B o)== Chi-square test

Table 2. Incidence of thymidylate synthase expression in relation

to stage
Thymidylate synthase expression
Stage
0 1+ 2+ 3+
A 0 0 0
B1 1 2 6 1
B2 7 14 15 6
Cl 0 1 0 2
C2 3 17 7 6
D 3 4 3 6
Total 14 39 31 21
P=0.649

Table 3. Incidence of low and high expression of thymidylate
synthase by stage

Stage TS low TS high
A (n=1) 1 (100%) 0 (0%)
Bl (n=10) 9 (90%) 1 (10%)
B2 (n=42) 36 (85.8%) 6 (142%)
Cl (=3) 1 (33.3%) 2 (66.7%)
C2 (n=33) 27 (81.8%) 6 (18.2%)
D (n=16) 10 (62.5%) 6 (37.5%)
Total 84 (80%) 21 (20%)
P=0.100

£ o] 833l o P<0.05E SAITH R Fofsjtar s
skoich. detstekx gell gk vhe-E
4] Kaplan-Meier method&- ©]-&-3}o] LolH ko,
9] H]A+E log rank testZ A3}

E o}
1) TSQ| UHHHEo} WI|Ho| 2t

TS HHAEE K Whado] A g3
1+ 394, 2+ 31¢]], L8]3 3+ 21|28 BF
A wES Helom Wrjo upE wdA s
A 40 9l th(Table 2).

TS HHAZEE 7 722 U s uff AkddTo] 840
(80%), Lo 214]20%)0] . om, W7ol whE #uts]
T3 1 7o vl = EAR o7 §o31 xfo| S Ho|
OESkth(Table 3). shAIaF Tl o7} Ho] FAIH E4o] 7}
53514 92 Dukes’ A9} C1 Al9eta TS WA RS
< T Y Fog o] HlaE 9 S u B19 7

uke ol 10%, B2 14.2%, C2 182%, L8| aL D°l
37.5%% 7|17t AP TS 79| vlert
o7 {oEA SR tH(Table 4).
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Table 4. Incidence of low and high expression of thymidylate
synthase by stage (except Dukes’ A and Cl)

Stage TS low TS high
Bl (n=10) 9 (90%) 1 (10%)
B2 (n=42) 36 (85.8%) 6 (14.2%)
C2 (n=33) 27 (81.8%) 6 (18.2%)
D (n=16) 10 (62.5%) 6 (37.5%)

P=0.048
1.0 1
.91
84
;. TS low 63.1%
e R T
§ .61 R
» .51 TS high 57.1%
E 41
3 -
.31
27 P=0.53
A
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Fig. 2. 5-year survival rates according to thymidylate synthase
expression.
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Fig. 3. 5-year survival rates in relation to thymidylate synthase expression in Dukes’ B2 and C2.
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Fig. 4. 5-year survival rates by thymidylate synthase expression according to chemotherapy.
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AP >0.05)(Fig. 2).
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88.9%, & o] 500% 2 SAIFOZE Fogt HolE K
Ao}, C29] Agole AwdTo]l 444%, nwETol
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