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Gene Expression of Thymidylate Synthase and Dihydropyrimidine Dehydrogenase in Primary
Colorectal Cancer

Naoto Nishi (Department of Digestive and General Surgery, Saitama Medical School, Moroyama, Iruma-
gun, Saitama 350-0495, Japan)

BACKGROUND: Thymidylate synthase (TS) is a target enzyme for 5-fluorouracil (5-FU), and
dihydropyrimidine dehydrogenase (DPD) is a rate-limiting enzyme for degradation of 5-FU. Recently,
determination of intratumoral TS and DPD is of clinical interest because elevated TS and DPD levels
can influence the tumor response to 5-FU based chemotherapy through increased inactivation of the
agent in tumor cells. In the present study, TS and DPD mRNA levels were evaluated in 12 cases of
primary colorectal cancer with liver metastasis that were surgically resected. Moreover, TS and DPD
mRNA levels of primary colorectal cancer with metastatic tumor were analysed in terms of the response
of UFT/LV based chemotherapy. PATIENTS and METHODS: (1) TS and DPD mRNA levels were
evaluated in 12 surgical cases of primary colorectal cancer with liver metastasis. No one had received
5-FU based chemotherapy prior to the study. (2) TS and DPD mRNA levels of the metastatic colorectal
cancer patient who received the UFT/LV based chemotherapy were investigated in 37 cases. RESULT:
(1) Measurement of the TS and DPD mRNA level in both primary and metastatic lesions were possible
in all 12 cases. The TS mRNA level in hepatic metastatic foci was significantly lower than that in primary
lesions (median TS/GAPDH ratio 0.89 and 1.09 respectively, p=0.0047, Wilcoxon signed-ranks test).
The DPD mRNA level in hepatic metastatic foci was significantly higher than that in primary lesions
(median DPD/GAPDH ratio 0.87 and 0.48 respectively, p=0.0047). Both TS and DPD mRNA had linear
relationship between primary colorectal cancer and metastatic liver tumor. (2) The response rate of
UFT/LV based chemotherapy with low-TS mRNA (TS =1.0) was significantly higher than that with
high-TS mRNA (TS >1.0) (P=0.038). Similarly, the response rate with low-DPD mRNA (DPD = 0.5)
was statistically higher than that with high-DPD mRNA (DPD > 0.5) (P < 0.0001). The patients with low
expression of TS mRNA had significantly longer survival than patients with high value of TS mRNA
(P=0.0069). The patients with low expression of DPD mRNA had also significantly longer survival
than patients with a high value of DPD mRNA (P < 0.0001). CONCLUSION: The results of this study
showed that TS and DPD gene expression in primary colorectal cancer is associated with metastatic
tumor. It will become possible to predict the efficacy of the UFT/LV based chemotherapy for liver
metastasis by analyzing TS and DPD levels of colorectal cancer.

Keywords: Thymidylate synthase (TS), dihydropyrimidine dehydrogenase (DPD) 5-fluorouracil (5-FU),
colorectal cancer
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RiczZ e L, BHilashRzrefid 5. SPEAHAD
5-fluoro-deoxyuridine monophosphate (FAUMP) &
TETRI B % 22 0D 5,10-methylene tetrahydrofolate 0
{#1F R, DNA de novo%f#2:M thymidylate synthase
(TS) & = i f# & ¥ 51K (ternary complex) 7
L, TSOMREEZHET 2. chicky,
DNA®D de novo T HCGRIFHIHIE 11, DNARFEH DRI
fFicERRE NS,
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Ik GIR2M, dHXIKYIR1E, S YIRTHITH - 7.
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WM R{7E%, RNAffiH 4 b (RNeasy MiniKit :

(QIAGEN Inc. Chatsworth, CA, USA) TRNAZHIH L,
WL REETRNAD S cDNAZAK LYY, ThEH»
TRT-PCR7Z}iifT L7z. Table 1iC i\ 7z primer/probe
OHEAY RS, PCREEMZ 7 A — A7)V LI
TEZVKkE) U ethidium bromidelc THREHBUVAIL I 20—
Z—Tna[t{t L, TS, DPD mRNA & GAPDH mRNA®D
FHEIEO (TS/GAPDH % /213 DPD/GAPDH) Ic & D
e Lk (Fig .
3. RETFERHEST

JFREEFERRICB T 58 FREO R
Wilcoxon B/ 72, JRFEH & MR OB B O
BE3HLIC DU T & Pearson D FHES (R 5072 F W RRET U 7z,
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JRFEH & FFHEFE BIC 51 5 TS, DPD mRNA¥ B
D#EHE A Fig. 212179, TS mRNAE (51 F O H e
fElE, FEFEH1.09 (0.41~1.59), ATz H0.89 (0.17~
1.20)Th v, FFEICIE L THERI AR
ETH -7z (P=0.0047). %7z, DPD mRNAE(E -3
BHoOmI i, FEFEH0.48(0.29~1.32), AFEFEH0.87
(0.32~2.57) TH O, FFRHICLLEg LU CHZBHIEE
BEICEETH > 7= (P=0.0076).
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JFFEH & AR HIC 510 5 TS, DPD mRNAFEI D
FIB% Fig. 31C7x9. TS, DPD mRNA¥HI & &1c, 5
FEH L RS BT 351 2 BT IEOME #3287 (TS
mRNA : fHBEEI% %X 0.735, p=0.0065, DPD mRNA : #H
RE{%%% 0.859, p=0.0003).
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Table 1. Primer sequence of TS, DPD and GAPDH

mRNA  Bases Sequences Product size (bp)
TS 989-1010 CAATCACATCGAGCCACTGAAA 579
1567-1547 GTGTTACTCAGCTCCCTCAGA
DPD 2516-2536 TCCTCCAGGTATGCAGTGCCA 514
3029-3009 GTTATGGTGGGCAGGTGGGTT
GAPDH 483-494 CAACAGCCTCAAGATCATAAGC 328
810-790 TTCTAGACGGCAGGTCAGGTC

Fig. 1. Bands of TS (upper) and GAPDH (lower) are detected
on 2% agarose gel. To identify the linear amplification
phase, polymerase chain reaction was performed using three
different consentrations of cDNA for each sample (lanesl, 2
and 3 for one case and 4, 5 and 6 for another case).
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Fig. 2. A comparison of TS and DPD mRNA levels between
primary tumors and hepatic metastases in 12 cases. The TS
mRNA level in hepatic metastatic foci was significantly lower
than that in primary tumors (median TS mRNA 0.89 and 1.09
respectively, p=0.0047, Wilcoxon signed-ranks test). The DPD
mRNA level in hepatic metastatic foci was significantly higher
than that in primary tumors (median DPD mRNA 0.87 and 0.48

respectively, p=0.0047).
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Fig. 3. Relationship of TS and DPD mRNA levels between
primary tumors and corresponding hepatic metastases. Both
TS and DPD mRNA levels had linear relationship between
primary tumors and hepatic metastases (TS:p =0.735,
p=0.0065; DPD: p =0.859,p=0.0003; Pearson’s correlation
coefficient).
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1. TS, DPD mRNAXIRH 5 Hf-fEE#HE/ZhR
37HI2MITTS, DPD mRNAFHEDOHIENATHET
HO, BLHFYHEIZ0.49 (0.15~1.44), 1.02 (0.21~1.59)
ThHolz. 71w A 7% TS mRNA 0.5, DPD mRNA
1.0& LT, mRNARBZEFEH, mFBlcfL k.

TS mRNAFBIRNC BN %2 B 5 &, TSEFEB (TS
mRNA=1.0) T1315.8% (3/19) 13 LT, TSIEFBI (TS
mRNA < 1.0) Tl£50.0% (9/18) &, TSEFHICLLiRL
TTSIEHEBE THEICEHWERNZ 517z (P=0.038)
(Table 2). —J7, DPDE¥H (DPD mRNA=0.5) D18
BN IZ 2250 7% 3269, DPDIEFEHL (DPD mRNA <
0.5) TlE63.2% (12/19) & EHWERRNED SNz (P
<0.0001) (Table 2).

DEICTS, DPD mRNAFH DA G D H TEH
BHDBE, TSIEFEBIA D DPDARFEBL D 124 Tl Z5%)
Bi7 9B (Z5hR 75.0% ) ICFRD T hY, TSEFHE 21k
DPD =8B 2561 Tld 225t 361 (ZE5h#12.0%) 1<
WX 72 (P=0.0003) (Table 2).

2. TS, DPD mRNAFIEH 5 M1 £17HAM

TSIERFEBI D AR TP (i (MST) 13123 7 H (3.1
~283 7 A) IR LT, TSEFEHOMSTIZ84 » H
(33~173 7 H) &, TSIRRBIBICHEFHIM DILED
B 5Nz (P=0.0069). %7z, DPDIEKFFHDOMSTIZ
14.4 7 H (87~283 7 H) icxf L C, DPDE B D
MST7.4 A (3.0~11.2 7 A) &, DPDIEFIEFITE
R DIEENFED 5Tz (P<0.0001) (Fig. 4).

TS, DPD mRNARH DA G LY THEEHM Z M
43 &, TSIRFEBIA D DPDARFEF OSER Tld MST
13163 7 H (8.7~283 7 H) TH-o7h, TSHFEHE
7213 DPD &R OJERI T84 » H 31~173 # H) T
% - 72 (P<0.0001) (Fig.5).

z 5

SEOMBFNCBWT, TS, DPDEE FHRBIE KN
FEIFFE W L AR IS B W CIEOMBEZRY, TR
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Table 2. Summary of response data for tumors with different
expression of TS and DPD mRNA

Gene expression status responder non-responder P
low TS

(TS<1.0) 9 9

high TS

(TS>1.0) 3 16 0.0382
low DPD

(DPD < 0.5) 12 7

high DPD

(DPD > 0.5) 0 18 <0.0001
low TS and low DPD 9 3

highTS or high DPD 3 22 0.0003
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720 0 360 720

Days since start of chemotherapy Days since start of chemotherapy

Fig. 4. Cumulative survival curves (Kaplan-Meier) for
patients with TS and DPD mRNA levels above or below the
nonresponse cutoff and for patients with TS and DPD mRNA
levels above and below the response cutoff. The median
survival was 8.4 months in patients with high TS mRNA levels,
but only 12.3 months in patients with low expression (p=
0.0069; log-rank test). Patients with low DPD mRNA levels
survived longer than those with high DPD mRNA levels
(median:14.4 months versus 7.4 months, p < 0.0001; log-rank
test).

DPD<.5and TS<1.0
(n=12)

DPD > .5

or
T$>1.0
(n=25)

0 360

Days since start of chemotherapy

720

Fig. 5. Cumulative survival curves (Kaplan-Meier) for
patients with both low DPD and low TS mRNA levels and
those with high DPD or high TS mRNA levels. The median
survival time was 16.3 months in patients with both low DPD
and low TS mRNA levels, which was significantly longer than
the 8.4 months in patients with other combinations of DPD
and TS mRNA levels (p <0.0001; log-rank test).
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BT ZREFEIESNTOED, LML, fhind
DOWE*P T, FEHRBEOTSHE LHEBEHERED
BEMROBEZZED TRV, Th54D0OMHE
T, WINEHIIEE N O TSFEH 7 5oy ¢ Tl
LTW5. & LA, Johnston 5 DR Tld, JHIFEH
O TSHEVEG TR BIC B 2 1BEMENME SN
TWE®. D& 31T, FEREOTSHRENEEED
T b)) 2V VRIUEFINO O KT B TS
ME, controversial ZIRINTH - 72, DO DJFEFE
HOTSHBIZ mRNAIC K 0 3l U725 21, R
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TSHEOFHE T M D, I74bb, BBl
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ETRICBALT, bhbhoOHEZ &5 135, 887
JEMB D meta-analysis #17 - 72 %, T DR TIE, TSH
AR T L 7285 & 0N — RERIE 2.39 (95%
B, 1.434.00), BEFEETHMNLZGEDONY—FR
FE131.33 (95% (21K, 1.07-1.66) &, TSFEBIDZEAES
MK BT, TSEFEHHNITENMARTH>2. Ik
bH, EEEREICHT 2 {EEFEDOTRIE, FRE
ICBITATSHENSE PHINREEEZ NS, Xk,
FE GBI LT, SR Tl NY — RERIE 1.35
(95%EHEI, 0.95-1.91) THhH-okh, BIETHETIE
INT— RERIE2.11 (95% (5HEEL, 1.51-2.95) & TSEHBI

Table 3. Prediction of efficacy of 5-FU based chemotherapy in terms of TS expression in primary colorectal cancer

Author

Method Response rate

Survival time

High TS

Low TS P

High TS Low TS P

Findlay 1997
2000
2000
2001
2003

2003

IHC" - =

IHC* 15% 30%
IHC* 53% 37%
IHC* 17% 32%
RT-PCR 16% 50%
IHC* 1% 2%

Paradiso
Aschle
Wong
Ichikawa

Johnston

ns = = 0.35
<0.04
0.47 = = .
0.04 - - -
0.038 <0.01
0.084

13 months 12 months ns

8 months 12 months

14 months 17 months ns

IHC*; Immunohisochemistry
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