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Significance of Expression Levels of 5-Fluorouracil (5-FU)-associated Enzymes in the Primary Lesion

for the Prognosis of Colorectal Cancer

Yuki KANEKO, Akiyoshi SESHIMO and Shingo KAMEOKA
Department of Surgery II, Tokyo Women's Medical University

We have investigated the association between intra-tumor expressions of thymidylate synthase (TS), dihy-
dropyrimidine dehydrogenase (DPD), and orotate phophoribosyl transferase (OPRT) —enzymes involved in 5-FU
metabolism— and clinicopathological factors in colorectal cancer. Subjects: The subjects comprised 52 cases with
colorectal cancer that underwent surgery in our department between 1999 and 2001. Methods: Laser micro-
dissection was employed for measurement of mRNA of TS, DPD, and OPRT, and their association with clinicopa-
thological factors (lymphatic invasion, and venous invasion, invasion depth, lymph node metastasis, histological
types, clinical stage) and prognosis was analyzed. Results: TS mRNA was at low levels in advanced cases — indi-
cated by pathological factors such as lymphatic invasion, venous invasion, depth invasion, and clinical stage as
well as in well-differentiated cases. When enzyme expression levels were compared between the cases with and
without recurrence, TS mRNA expression levels was significantly lower in the group with recurrence. A multi-
variate analysis extracted invasion depth and lymph node metastasis as risk factors for recurrence, but not TS
mRNA. In the group with recurrence, there was no significant difference in survival rates between the groups
with high and low TS mRNA levels, respectively. Neither DPD nor OPRT mRNA levels had a significant correla-
tion with clinicopathological factors. Conclusions: Although it has been suggested that the prognosis for colorec-
tal cancer is poorer in cases with higher TS mRNA levels, the results of this study suggest that the TS mRNA
levels were higher in cases with higher grades of malignancy but then decreased in more advanced cases. The
clinical significance of TS mRNA should be considered based on these points of view.
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TS (Thymidylate Synthase), DPD (Dihydro-
pyrimidine Dehydrogenase), OPRT (Orotate Phos-
phoribosyl Transferase) % 5-FU RILFEHI OB
HThb. KBEORBREREIL, EENOLEHE
DFEHA TS, DPD K, OPRT IE® W3 £ 5FU
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Table 1 Distribution of expression levels of
the enzymes

mean = SD median (range)
TS mRNA 259+ 268 1.74 (0.71-17.82)
DPD mRNA 0.34+0.15 0.30 (0.10-0.65)
OPRT mRNA 154+0.58 1.46 (0.46-3.16)

Distribution of TS mRNA expression levels did
not follow a normal distribution. Distribution of
DPD and OPRT expression levels follow a normal
distribution.

EHBSRAECHE SN TEZ. LrL, IhHo
FERIE L OB PLETH DT L, EFMABE
BATHI LR EPMBEE > TV, EE, <
fr7uyf{¥xsar (LCM) £ 7WV¥ A A PCR
(RT-PCR) % A& 4472 Danenberg Tumor Pro-
file (DTP) #EIZ & 0 EOMMES, S TD, ERERS
(EFHR) oA L, RIRE, BRECAEEE
O mRNA ZHEZWET 5 LT HELE o7z,
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DTP #Ex FHWTHBEEO mRNA REHEZ R L,
BEEE L REEWET & OBR, FRICOWTHRE
L7z
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1. 3R

1999 4E 2 5 2001 4 ¥ T 2 FEMICH T L FER
REFE AR B CTHRM & AT L 72 KIERFH0E
BIDSH, ZFBROFBAELWETE 7252 flE iR
& L7z NREFIOWNFIZENM 27 6], Lk 25 fl,
FRRFERGIL 40~84 5% (CFH 627 7%) Tho72.

2. Hik

1) KB®EEZEED TS, DPD, OPRT ® mRNA
HEHEORE

SREFORKBGREFREOR V<Y Y EENT
7 4 VAMAER (FFPE) X 0 10 um EO#EYIH %
VERL, LCM &2 AW CiMifg 2 it L7z, 20k
RT-PCR {2 T B-actin mRNA FH % # R & L,
TS, DPD, OPRT ® mRNA HHE % EEICHIE
L7z MZE XK E D Response Genetic Inc. (RGI A%
BT) \AREEL T 72,

2) BRREHEARF & FBEE O mRNA BHE
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3) MEHFHLE

SR OMETTIEHETY 7 b Dr.SPSSIL 2/ L
72, £EEEO mRNA EBEO B AL, / 8
I Xt v 7 ME X Mann-Whitney B E (MW),
Kruskal Wallis #5€ (KW), 789 X 1) v 7 K%,
Student-t test (t-test) & ANOVA (analysis of vari-
ance) @A L7z. & 51T Jonckheere-Terpstra M5
D) T EZBM L7z, AF5H1E Kaplan-
Meier 8 & N log-rank test, BT T I 2
74 v 7 BEGHT, ERBSEEERLL. $XC
DRRET pvalue<0.05 # HEEZDH D & L7z,

B, IOMRIIERZFERREOMERTES
DERBEFTITo 72,
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1) &B3F D mRNA REE
FHROFBEOHM %KY (Table ).
DAIDS, PEOKEFER, TS mRNA HHE
1, SBICEARETIEDS D - 2z, 285
ANV v ZHEE L, DPD$B X U8 OPRT mRNA
BBEIERSAIESTBY, NS A M)y 7k
L L7z

2) &B%ED mRNA I E & BEKRRESZEFOB
% (Table2)

ERRREEN R T & KBEDO mRNA HHEOH
FRIZDOWTHRE L7, ZFO#5E% Table 2 1253
(1) TSmRNA %HE
MRENIES L CHRICEBETH > 72, W) ¥
IVEREERE (1y2-3), BIREEREE (v1-3), HER
W (SE-), BRRHIIAESTH (Stage ILIV) TH
BIKBETH -7 U o EiEEBEYE (N1-) TbA
FEEIZWHO0, KL 22 EEDSA SR,
(2) DPD & & U* OPRT mRNA %H &

DPD, OPRT mRNA %I & & HRKEENRE T
EATHEHFIIC B EIZEED o 72,

3) BROFEICLIZBZREE
BROAEZBERGBHEOEITEI R BET
B, SEREBFIDMT 5 4 % B8 L 72 2006 4F 12 H DR
HIZBWTHREAEEBRMICHT, SBEO
mRNA FHEOHAM % LB L7 (Table 3). H5HI
T, TS mRNA EHREHHEIEME (p=00126) T
»o7:. DPD B X P OPRT mRNA RHECTIIEE
EIXRD Lo 7.
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Table 2 Relationship between clinicopathological factors and the expression levels of enzymes
TS mRNA DPD mRNA OPRT mRNA
Variables Category N ;
Median p-value Mean =SD p-value Mean =SD p-value
(range)
Lymphatic invasion ly0-1 37 204 MW 0.017* 0.35*0.14 #ENS, 1.58 057 #ENS.
(0.93-17.82)
ly2-3 15 1.34 032017 1.51+0.62
(0.71-2.53)
Venous invasion v0 39 171 MW 0.032* 034+0.14 ##NS. 158 +£0.59 #ENS,
0.71-17.82)
v1-3 13 1.74 034%0.18 1.69=0.53
(0.91-8.88)
Depth -SS 40 2.10 MW 0.003* 0.35=0.13 ##N.S. 1.59+0.63 ##NS,
0.93-17.82)
SE- 12 1.340 0.30+0.18 1.38+0.36
0.71-3.15)
Lymph node metastasis NO 27 204 MW 0.085 0.36=0.15 #ENS, 1.64+0.62 ##N.S.
0.93-17.82)
N1- 25 162 0.32+0.15 144054
(0.71-6.05)
Differentiation well 21 1.66 KW 0.012* 0.29+0.14 #N.S. 1.30 =049 #NS.
(0.71-7.44) T 0.042*
mod 26 174 0.35=0.14 1.74=060
(0.91-8.88)
por 5 447 043+017 150+0.56
(253-17.82)
Stage Stage I T 23 2.54 KW 0.047* 0.36=0.15 #N.S. 1.65+0.64 #NS.
Stage I 19 151 0.34=0.15 143+061
(0.71-6.05)
Stage IV 10 1.60 026012 152+0.32
(0.91-2.14)

TS mRNA was at low levels in advanced cases—indicated by pathological factors such as lymphatic invasion, venous invasion,

depth invasion, and clinical stage. Conversely, TS mRNA level was significantly higher in cases with poor differentiation.
DPD and OPRT mRNA expression levels showed no difference in each of the clinicopathological factors.

KW: Kruskal-Wallis, JT: Jonckheere-Terpstra, MW: Mann-Whitney U, # ANOV A: analysis of variance, ##t: Student’ t-test, *p<<0.05,

N.S.: not significant.

Al TSmRNA BHE (<25, >25) #:&RL, 10
AT 4 v 7 BRI % 4T o 72 (Table 4). HL.Z EfFHT
(2T VoVEIREEE (Iy2-3), SR (SE-),
) vosEEB Y (N1-), TS mRNA S EEKMEIH
FBICEbLLRTF & LT sz, EHEAEIC X
LGB R ITo 72, BERERE (p=0014), Vv

Table 3 Comparison of enzyme expression levels in the re-
currence group and the non-recurrence group

Recurrence (+)

Recurrence (—)

N =20) (N=32) p-value
TS mRNA 162057 320=326 #0.0126*
DPD mRNA 030=013 036=015 #ENS,
OPRT mRNA 1.35+053 167059 FENS,

TS mRNA expression levels was at significantly low levels in the

recurrence group compared to the group with no recurrence.
mean = SD, #Mann-Whitney, ##Student-t test, *p<0.05, N.S. not
significant.
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Table 4 Multivariate analysis of recurrence factors by logistic regression

Univariate analysis Multivariate analysis

] N (backward elimination method)
Variables Category (recurrence) Odds Odds
ratio 95%CI p-value ratio 95%CI p-value
Lymphatic invasion ly0-1 37 (11) 0.047*
ly2-3 15 (9) 3545 1.015-12.832
Venous invasion v0 39 (12) 0.055
v1-3 13 (8) 3.600 0973-13.316
Depth -SS 40 (11) 0.006* 0.014*
SE- 12 (9) 7.909 1.801-34.728 6.943 1477-32.647
Lymph node metastasis NO 27 (6) 0.015* 0.039*
NI- 25 (14) 4455 1.338-14.831 3.898 1.069-14.215
Differentiation well 21 (6) 0.231
mod, por 31 (14) 2,058 0.631-6.711
TS mRNA expression High 16 (2) 0.019*
(>25)
Low 36 (18) 0.143 0.028-6.850
(<25)

A multivariate analysis extracted invasion of depth and lymph node metastasis as risk factors for recurrence, but not TS mRNA
expression levels.

1.2
1.0+
1
.84 i
1
.6
1
4 - -
24 TSHL
cumulative ;.| 1 @ high
survival —
rate -2 . @ low
0 1000 2000 3000
survival time
TS mRNA N Survival time  Log-rank test
expression Median(days)
high(>1.62) 10 1003.00 0.979
low(<1.62) 10 1246.00

Fig. 1 Survival curves related to expression levels of TS mRNA in the recurrence group
In the group with recurrence, there was no significant difference in survival rates between
the groups with high or low TS mRNA levels.

Meyer B X U log-rank test THEH L 72, S7FE R PALX 7 LA F FIZE# L, DNA BXU'RNA 04

WEEBEERZ Rh ol B FHEICB D 5. DPD I ES N T 5-FU @ 85% %
z = R, |FBILT 5. DPD 2 & 240 % i 5-FU
5FUORSB ICEAb AEEZ L LT, TS, DPD, B EY TH 5 fluorodeoxyuridine monophosphate

OPRT OBFEEBH SN T w5, OPRT X 5FU #1% (FAUMP) & &0 ZEBRAY covalent ternarycomplex
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BT 5 2 & T, TS OBRIEEDHE S DNA
EFRHER X TEEZLNTWS, Lo T,
JEFEHN O TS & DPD 3K {, OPRT {&EMEILH (2
E5FU OHERESRIIEBL b EEZON5.

F 7o, TS ITMEmEIcEbIBETLH D, Ml
WIEORBEA RTINS 5. fE- T, TS DEEN
HEEAFBVEIECERENE LY, EREOREL
B EAREENT VA,

Y Bl 5k O KB i FArE B 6 L C TS, DPD,
OPRT %% » mRNA B & & BRHEFZHIEHE T
EDOBBRIZOVWTRE L. SEORETIE, TS
mRNA EHETIZY Y ERESERYE, BIREE
Rk, SEBREEYE, BRREHETE T BICERME
Tdh o 72, Wi, MEE TIESML OB T TS mRNA
BHENEREIIRBETH - 7.

VP bEoERYS, MG % ENE DR, 1) o8
HREE, HIRFEE, BEEREE BRWHEETED
BERE LTEZLE, BEUESBVWEERILLD,
AT WER I L 2 2 WM 2RI S /e,

Fujii > IE KB EE R ICB 2 TSIEHEME L
Ki67 Labeling index (LI) & ®BFRIZOWTHRE L
LI 2375 ML ETHEI TS EEAEE (p=0.0016) T
by, EEEOBNLOTTSIHEERMENEETH -
72 HE L7, 72 Yamane SPII KRBT ETE R
O TSmRNA ZHEICO S LLBKRE % L, 5451k
18+23 K451k 4049, [ BR M T 854 1.3+08, &
R IPERHE 2330 C, BEZ S Do 08, BUE
DBVLDIZBVWTEBMETHY, EITL-ERBET
R E 2 A EED D o7 L WE L. MEORKE
BEMEOBVWLDIEE, TSIERIEETH S S
EVRBENDHDL L, SHEOERLEHT .

FRE T RRET & TSmRNA RHE L 0 BF
WZOWTIHHE LY 4 TP omEEER L, &
EE, BIREE ) NERE ) IR, #
TR O SHE L2, Wb #etemicErs
Mol HELTWVES.

EF 5™ TSmRNA BHE 2 REE, BEIS
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T, FEB<EREE<) Yo EIC KR
ThHholtIHEL TS, BEHNPELHLEREL LT
EERECTOMBEMEEOEEDE VL, mRNA LX)V
TORBRAHHENR LD L 2T TV5,

Lo LETEICL 2 5BEO mRNA BHEDOE
LICET 2 RBAEOE ZARDITHILIZTE

Lol
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TS mRNA BEHEMUMETH -2 eh b, £5E
AT L), BREICEELZ L2 5RTITD VT
#AiTolz. BEABMBATTIE TSMRNA RBEELEE
Tholz. Larl, ZERBICIIEREEEY ~
NEEBFERCFESTLARTFE LTHB SN
A5, TSmRNA BHEIZHB S 2 o7. T2, B
BBV T TSmRNA BRI EBOEHERE & KEEE
THEBRMEEBR LA, WEIZIZAEFERHIC
EiIAONLE o7,

PlEokERE2 S, TSmRNA BHEILETICEN
BAE & % 2 PEENZHERORTFTIEZR L, FHIC
WBHELZWEEZ LN,

Sanjay & & EAT AN E M REIE B TR TSin-
hibitor % F v 72 5E B @ 8 LK IZ % L, TS mRNA
FHE & overall survival (0S) IZDWTHE L Tw
b, FORER, BAECIE TSMRNA BHE EHHE
TH5HIZEEFHM»EL, FEVPLRTH 5 M
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HoltbMELTVE, XMEBICHEFENER S
&, BESOBREVEXIICE)RLZLZ L&
ERELTHEHBLTYAS.

SEORETIIBRETIIRMETDH ), BOET
W25 T TS mRNA BB EMERH & 72 5 W hE
MR sz, HERROBE» S IRETLI L
WLEEEZ b
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