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A Study on Concentration of 5-FU and Thymidylate Synthase
Inhibition Rate in Neoplastic and Non-Neoplastic Tissues
Related to Degeneration of Colorectal Neoplastic Tissue

Makoto USHIYAMA

First Department of Surgery,
Niigata University School of Medicine
{ Director: Prof. Terukazu MUTO)

UFT, a derivative of 5-FU, was administered orally to patients with colorectal
carcinoma before surgery. materials for analysis consisted of neoplastic and non-
neoplastic tissues from colorectal tract, lymph nodes involved and uninvolved, and met-
astatic tissue from the liver.

Concentration of 5-FU was 0.148 +0.014ug/g in neoplastic tissue, sufficient for
clinical effect (0.05xg/g). There was no significant difference of the TS inhibition
rate (averaging 42.5%) among the tissues abovementioned.  There was a correlation
between the concentration of 5-~FU in the TS inhibition rate in all cases, but, no cor-
relation in sex, stages, and lacation and histologic types of the tumors. In patients
with age under 75 years, however, there was a correlation (p<0.05) between the two
previously described.

To evaluate degeneration of neoplastic tissue, effects were determined in accordance
with “The General Rules for the Gastric Cancer Study”. Eight of 47 evaluated by his-
tology indicated histologic degeneration Grade la; 2 of them also showed degeneration
in lymph nodes involved. The TS inhibition rate was 41.6%:2.2% (n=39) in group of
negative degeneration and 55.2:t2.1% (n=8) in group of positive degeneration; it was
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significantly high in the latter group showing over 50% in all but one case.

It was considered that there was a possibility of histologic degeneration in neo-

plastic tissue in patients with a high TS inhibition rate over 50%.

Key words: colorectal carcinoma, 5—-FU, thymidylate synthase, degeneration of neo-

plastic tissue
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5-FU OFBMETH 5 UFT % KBBEGSOH I
AR OHS L, SP 5FU B, M8 Thymidylate
Synthase (LVF, TS) BAER, &k CEEHAREH
DN, YIBREEAR R F L CHRE L.

PRHIEBEME, FEEEE Gom NE L 10ecm
afl), &BEBEY v 8, BBEREY v SR IO
EBE» SR XA, 5UF BER, BEASKCE
T 0.148+0.014 pg/g T, HERAHESEPIEZIEREE (0.05
ng/g) CHAELT W, TS HERIE, 88k
WTERAh - (FH42.5%). BEHESN 5FU
BEF TS HERISEFACIHEEAED AT, %
7o, ¥R, stage B, R7ER, MMEFICLHEBIEFRD
et Linl, EBTISEAMBCE2 & BEEESEN
5FU BE L TS HERL M EOHBNED b
hi (p<0.05).

BEASEN oW, BREERVCENCEC TR
BHEERT -7, BRFANCBRR L 2 478lh 8 6 (17
%) & Grade la OBEHYEDI. i, TRE
CHBEN A X LTw i SHIF 2 BlikEsB Y v i
LB ARSI

TS HERLOMFELL L &, ABEHRUET TS
PHEHE 41.6+2.2% (n=39), BHHTL5.5+2.1%
(n=8) L HBIHMEMBHRT TS HERNEET
Hote. Fh, EBEHBREHBEESN | flxke TS
PRERMNS0% L ETH O, TS BERN50% 4z 54
THEEN > 2T REE SR E hie. R BHETER
EEZOBEIL student’ s ttest k-7,

F C & [

5-fluorouracil (5-FU) % 1957 1= Heidelberger
Lk hEEEhY, LIk BECEH S F T < lEE
ELTHEAER T 299,

ZOERBF IR & (T2 DORBAHEE S h
TWwa. 120k RNA wEhiAEh, RNA fGHEY

BELTLOTHHI D, 45 12k DNA D de novo
GHEHTHBEEFETH S Thymidylate Synthase
AT TS) #HAMEEFEL, DNA SREY &1
FTHOTHHYD, FH b REELERTH B IcH
LTiELOBENRS LN, WEPELERIEBLATH
k. LA L, RNA REEK® X3t 5FU ©
HToORBEXENT 35085 BRLETHHED
H|ED L B0, BERARSRTIE TSHERL L5 DNA
EBENETH DL ELLRTWAWY), ¢4
|, KBEERCR LT, 5FU oF#E4TH» 5 UFTH
(147 tegafur 100mg, uracil 224 mg *&7H,
KEBEMRTHE K.K.) &Mgi#s5 L, 48N 5FU &
B, @A TS EERE LUEBEBEMEM L OBFRE
DSWTERHFH L-oTHETS. B 1 5FU oR#E
%, BIUOTORBWETHE F-dUMP O TS it
T HEERM AR L TRV,

W R EHE

1990 4 A~1991 4 3 Ao 1 FEl 4B L 0%
BEEEREER I B TH R IC BIER & h 1o KIBRRE 506 %
®EE Lic, AR, B33, EBREL7E, il
B 4r=29:21, F#3H~84m% (F64.65), Dukes
SETRAPFREEES LCEBE AT TR 16, B
1360, 841, CA198, sfltay, Bl clrast
B30/, P bigi146l, EobE 5 5, RFEK
B1BITH 7. UFT OHEHEIWHH7 BH, 62
TN, A5 3, BEUWYMA 2 87 k0, A tegafur
ELT 4.4g 85 Ul SRR EIBREES 2 HFEE
L, EHCHEBERE L. BEREBGTEALE, BB,
JEEESAS (BE Lol S5cm, 10cm @ 2 H7AT),
FRY v f (BRE, BB, FEBHTHO,
ThZhbb lg ¥ 28R L. Ak, FEEEHEGIT
BEEBAREME S Lic, 2L, U v GicHRIE
Wlg ELEWH O, BIERESL LR LL.
HEABREORIEI2, 5FU BE4 gas chromatography-
mass fragmentography (GC-MF #¥) (K 2), TS &
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< FUrd ———» FUMP «—» FUDP «—» FUTP — — — — » RNA

FdUrd e | FAUMP | € FAUDP
l Inhibition

dUMP ——>€¢—» dTMP— = = — — — — — — — — — — » DNA

Abbreviation

: 5 — fluorouracil

FUrd : 5 — fluorouridine

FdUrd : 5 — fluorodeoxyuridine

FAUMP|: 5 — fluorodeoxyuridine monophosphate

FUMP : 5 — fluorouridine monophosphate FJUDP : 5 — fluorouridine diphosphate
Fupp : B — fluorouridine diphosphate dUMP : deoxyuridine monophosphate
FUTP : 5 — fluorouridine triphosphate dTMP : deoxythymidine monophosphate

B 1 Metabolic pathways of 5—fluorouracil’®’

: thymidylate synthase

| Tissue homogenate Sup. |.0ml+Distilled water | .0ml

added internal standard(1,3-bis~'*N-5-FU)
adjusted to be pHZ.0 with HCI soln.

Chioroform extraction, 20mi X 2, for 10min at room temp.

Aqueous layer

neutralized with NaOH soln.
added 0.2ml of 0.5M NaH,PO,

Centrifugation for 20min at 2000xg

Centrifugation Sup. ppt

Ethyl acetate extraction, 40miXx i,
for 20min at room temp.

Ethyl acetate layer evaporated and dried
under P2Qs for over night

Resolved in BSTFA/pyridine(1/3 v/v %)
100-200u!

Heated for 20min at 70-80°C

1-3ul injected into GC-MS

|

B 2 5~FU BEOHE: GC-MF &

K% Spears OFH (H 3) ©TiT-.

TS REEREESL L TSHree &, 5-FU Of#H
THbH F-dUMP &AL TS-FAUMP »hich,
TS-free & TS-FAUMP % &b®icdDh TS-total
Emb. L L, TS BIERS0CK T2054# incubation
THEFEORI, FAUMP && TS D13% 1 ik,
By [*H] FAUMP &AL TLE 51w, Spears D
BTEICTERD bR TSHree (340130 TS-free (TS-
FePP) 75 b, HOD TS—free FEKRTRH LN B,

TS-F*PP-0.13TS-T
0.87

TS-F=

TS PHE®RIT TS-total & TS-free DENSEH L.
Thbb,

TS-total-TS-free

TS BER= TSrotal

x100 (%)

Th5.

SR OFE I IRELLBEORBT LB LT
T4) 0 L, Hematoxylin-Eosin ¥f&%, BHERHE
HHS OEBFRREEEC L - T & .

# R
A 5FU BRE (eg/e) ©OVWTE, EBREERE
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Tumor tissue

Add. 3vols.homogenate buffer

200mM Tris/HCL, 20mM 2-Mercaptoethanol(2-ME)

15mM Cytidine 5-monophosphate(5-CMP), 10UmM NaF pH7.
Homogenize by sonication on ice

E-

Homogenate
4{ Centrifugation(3,000r.p.m. 15min. 4'G)

Sup.
~lr Centrifugation(105,000X g 60min. 4'C)
Homogenate sup.(50ul)
Add 50ul buffer A
600mM NH,HCO; 100mM 2-ME. 100mM NaF
15mM 5-CMP pHB.0

(in the case of TS total measurement preincubation
at 26°C for 3hr )
Add 50ul[6-*H]-FdUMP(7.8p mol. 12.9 Ci/m mol)
25ul cofactor solution
50mM K-Pi buffer(pH7.4), 20mM 2-ME 100mM NaF
15mM 5-CMP, 226 bovine serum albumin
2mM tetrahydrofolic acid, 16mM sodium ascorbalte
9mM formaldehyde
Incubation at 30°C for 20min.
\y 0.5N HCIO, precipitation

Ppt.
Solubilize with conc. HCOOH
J Count radioactivity

TS total. TS free
B 3 Thymidylate Synthase HEED#IE: Spears DEHE:

1 HRFENHREERE (BBREV-HH)®

[Grade 0: &%h]
AR, Wi, BRI LSRN, BRELRSOBELRLAERDLVHE.
[Grade 1:BEOHE]
a) Z{BEOCHE
BOK1/3 KRBT, BELR 2B 554,
b) BECHRE
WO 1/3 0 E2/3 RBCBMROERE, BREALOVCMBLIYADIBE.
[Grade 2: iz h DFHE])
WD 2/3 L BEWHATNE, BELOLVHE HELI2ADIHS.
[Grade 3: E%]
BEKT TR TERCH-> T30, Fliuk, B HELLEBS.
PFERER 55 IRMLEHTEERX LA TW2HE.
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fhofgcERL (p<0.01) BEAMADO 5FU #
ErEETH- (K 4).

TS-total & TS-free (pmol/g) ZHFEB LIS D
HMTEEL (<0.01) TS-free BME[ETH T (H 5).
FFEB BT n=2 & kb - e EHd 5 & TS-total
11 6.94, TSfree (32.89 &L AREOEEMEMAR L.

TS BEER (%) MEEHAME JHEEHE (0l 5cm),
FEERAEE (O 10cm), FIRY v 38 (EBBM),
B Y v i (BBEE) thrhoffEceiEs
RBokhot ({6). UEoERYELD2LE2 D
FHweh s, HEBRERIOER) v B3
TS FHERDOFEMHE N TS-total OfEM 1.5 pmol/g &
DApAE VLD TS EROFMEREM L LTt
nNicicdTh 5.

[EBAMA 5-FU BE . TS HERE OBFEY 5
L, SEFCIHEBEE B T @D, Fi,

5—-FU
R
(ng/g)

PERY, stage B, R#ER, MR cLHEBRL LR
ots. L L, 758D EOEEE L skl ot s
GTHET 5 &, TERRIGOB CIEOHBAZED b
(HEBIEHH r=0.3655, p<0.05) (K 8).

AR BEOBR S 25 &, BE L 2 4ATERR,
841 (17%) = Grade la OEMEM LD (3 3).

5FU BE B LU TS BHEROEBENE - 0BG
A5 & 5FU BE (pg/e) THEEHEHRETO0.143
+0.017 (n=39), BHFT0.174+0.031 (n=8) TH
BERfh -1t TS HER (%) GAMEHEHRT,
41.6+2.2 (n=39), B T55.58+2.1 (n=8) TH
B (p<0.01) BUHFIBETH- (X 4. Zh
TSR BET % L3656 (13.9%) %
BUHBHETH -7 (T’ 5). 5-FU BE (ug/e) 3K
M REMERE T 0.110+0.033 (n=31), B4E©0.213
+0.033 (n=5) k7, TS HER (%) 12, HAME

* : p<0.01

0.20 - *

0.05 |-

(OfI5em) (O 10cm) (#=H +)

(n=49) (n=49)

(n = 50)

VIR i}
(% -)

(n=6) (n=5)

4 UFT #£5%0#8H 5-FU BE
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120 |- | [] TS — total
TS e — TS - free
(pmol/g) * p < 0.01
100
*
m
8.0 |-
6.0 |
4.0
*
* —
20 1 ll%
FEEER  JEEEEE SR Y NE UIDZ4a:i] g N2
(Of5em)  (D@10cm) (B +) (B=F )
(n =50) (n=49) (n =50) (n=9) (n=14) n=2)
5 UFT #5#%04%A Thymidylate Synthase BE
TSER
(%)
60
40
201

0 + '
MR JEREEAERR SEREBAER U o%E U LoNE FFERBR
Scm (D) 10em (OfD & (+)  &E ()

6 UFT-HB5#%OEMBKTS TS HER
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x 2 £HEBRTS 5~-FU BE, TS BERL U TS HER
5—FU (p#g/g) | TS—T (pmol/g) | TS—F (pmol/g) | TS HEX (%)
B B & & 0.148 + 0.014 9.58 =+ 1.25 5.52 + 0.87 43.8 + 1.9
n=49 n=50 n=50 » n=50
kE B & & 0.050 + 0.006 1.42 * 0.14 0.88 + 0.06 40.8 + 2.8
5cm (O n=49 n=49 n=49 n=17
3 E B M & 0.059 =+ 0.008 1.59 # 0.14 0.93 + 0.07 41.7 + 3.1
10cm (B 4) n==50 n=>50 n=50 n=16
yoov R 0.049 =+ 0.011 4.76 + 0.83 2.56 + 0.38 43.3 + 3.9
B8 (+) n=6 n=9 n=9 n==8
yoov R 0.035 =+ 0.010 7.21 + 1.36 4.55 + 1.15 37.9 + 5.3
BB () n=5 n=14 n=14 n=14
H & B B 6.94 2.89 58.2
n=2 n=2 n=2
(mean *+ S.E.) TS—T : TS—Total TS—F : TS—free
r=0.1392
TSHEH 0-139
(%) 800 I p>0.1
o : EEE (T5rLllb)
o (o]
60.0 |- . e, ° ©
® ° ® e e e
o °* *o © ®
® 0s o : ® o] ®
[}
400 e . o ° L] o
e
® * e o
*®
®
o
200
L
@
0 ] | ] ! |
0.10 0.20 0.30 0.40 0.50
5-FUBKE (1g/g
B 7 BEEHENO 5~FU BE L TS EERORE (2FEFD

fio 5FU BE, TS BEIHEL VAL -2DT,
5FU BE, TS MEXROMEITER, ST,
[EEABEMNBEO 8 Fik 1 X EFhFhD
TS BERIIS0% LI ETH Y, TEREKMORERIZTT
50% L ETH -1 (B 10).
SEAR L UCHERESEEA 2 EEE o8 T &

PERRHERE 41.4+2.4 (n=31), BHRFES6.0+2.1 (n=5)
THEIL (p<0.01, p<0.05) BUEBRTHEETH -
(& 6). ¥, BB v @irdBEHosbhizbo
AR 28 (4.2%) b, Grade izEh*h la, 1b
Th-t (B 9. Zo2fERECEBESELE
MEOSHIEER T L Lihb, BBY v 2
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(& D, &EFCLL, S8EEBEATRPI RS
DHFENRE P - Lir L, FEMHFRICTEEERTRh -
fo.

® 3 EFOHMEERE (2EA)

HBE TR BB PR
Grade 0 3961 83.0%
Grade 1 a 8l 17.0%

b o 0%
Grade 2 o 0%
Grade 3 ofl 0%

B 431

Z 5"

EfERN 5FU #BEB LTI, in vitro Tk 0.03
pg/e CHIBSIEMEIN M E L L Sh TR0, BEKA
Tk 0.05 pg/g WEYHRE L XIhTWL52. SEIOHN
FCIEEALE kL UHREBES SRR RDIRE
LTuwie s, S BEEESc 0 2BEL 0.148 pg/g
LpoEBe BT ABRE L VAR (p<0.01) BET
Bt THEEROBEND whD L 5K, tegafur
26 5-FU ~OFEAFORYNRBBER P-450 1 k
AL, BBERM R 5 thymidine phosphorylase
Cr-oThiEREEhBZ L, KLU UFT 8% h
% uracil HEBEKCRT S 5FU oo@aHES %

* 4 BEFOEHMEMELS 5FU RES LU TS HER (£EHM)

A 5-FU B (ug/g) TS HEX (%)
(Bfff; 0.143 = 0.017 41.6 + 2.2 ]
*
Eégﬁ 0.174 = 0.031 55.5 + 2.1
* :p<0.01
TSPHER Y = 34.1 + 70.51X
(%) 8o r = 0.3655 (p < 0.05)
60
40
20
*
»
0 | | I

0.10

0.20 0.30 0.40

5-FUBE (ug/g)

8 EEMZNO 5-FU BEL TS HEEOBMGR (T58KE)
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ek b, BEERA 5-FU BELRENCEHET
LiceBbhs.

TS BHERE LT, SHSMcERLL, 240
FL 42.5%8 TH 1. FEBRII2HOLTHY,
HEHEBZEI VW00, hERS57.4%, 58.9%,

® 5 ERBOMBEHEHE (T580KRH)

MR BB W
Grade 0 314 86.1%
Grade 1 a 5% 13.9%

b ol 0%
Grade 2 ol 0%
Grade 3 0%l 0%

) 58.2 % S MOMMMICHANEETH > 2. T hIEHF
ERBCHEEDEN L VPR TE AW AF-T
2LELLA, ELLEAOEESLETHS.

BERMO 5-FU BE S TS AER: M £fE
FICEAEBRED bRt > d D0, 7oL EDERE
FrBR L, ChOHERIIEDCHE (p<0.05) 7R
»bhts. in vitro Tk, EEA 5FU BEL TS
ERHFHEBT A Z LM TV 5, BE T 5
FU of{##R T uridine phosphorylase, orotic
acid phosphorybosyl transferase, thymidine kinase
7 E OBERIEEOE T i KHBEMCFEL TV 518
b Lo,

TS TR L HERHE & OBfRIL in vitro TRIE
OHEEL S5 - LT G Eh TS 92, 4

£ 6 EHEOMEMAEKL 5-FU BES LUHER (755KH)

iR AL 5-FU BE (pg/e) TS HEER (%)
RaE Rt
0.110 + 0.033 41.1 £ 2.4
(n=31) ] * * :} *
(Kfff) 0.213 + 0.033 56.0 + 2.1

R p<0.01 * :p<0.05

9 725 ME, Gradelb %R LICEERI OB Y v/ vHi
BEREIEHEREL, MECIR oSt RERREEYRD 5.
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BEOFE CEBEHESENE TS HEXR: OBFREY 25
&, HEEEBMAIIERARIEL, FEBi TS HE
EAREHE (p<0.01) THH, LI 1HAFKRL &R
EHIBHA T TS ERALhFRS0% L ETHE.
Fio, TSRCRMICIRE T % & B HEBMEANL T ~T TS
PRERI0X LU ETH2 (B 9). EMENREY L
1 A7HIF18FIA TS BMER %L ETHD, 05 b
76 (38.9%) HNEBEMBEGA TS, BEEBRE
MERMEFIE TS HERBERMLTHW5:E20h0
L. MEEHEL LTIIRLEM: Grade 1a THoTe

A, BAR) B K BRRE F48F % LATET UFT6cap/
B%10BLL LEE#RS L, EBENDREAE T Grade 2
LA EDSEGIA 1261 (25%) Th-otoEBELTEY, #
58, B5BREEERTD L, NEORAL L LI
EMTHAELHEMNL, Grade b3 HIE DI &
DFEENE, Fh, BB v SRR E E L
ToBlid 2 Bl & b ERBOBMBMBHEITH Y, &EBY
VAR W TOERBEEEED 5-FU REML S
TELDOTRE W EHZh 5.

HEEE T ISR T SR LB LR

£ T OEME BT
P ) BB | ROLEE | EBOLES | RE LS | Gt
SHEH 30 14 5 1 50
HELRRIE M 5 1
(ERB) 2 5 ! 0 8
KRR BB
(=) ¥ <) ° ? ° 0 ?
TS HZER
(%) o: 75l k
80 - * ! TSR
o ®
60 o
o
L] 3
5] e
40
20
0 I | | |
0.10 0.20 0.30 0.40

5—-FUEE (tg/g)

Ei10 BEHESAD 5-FU BES TS HEE (BEAMEEEER
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LD AP LR ENE <, EAFER LERS
HOBEMENEE OHEK, Grade OETRE* FILK
T RETHDLEELD.

5-FU KA SETE, HEBYHRIE RNA ©
maturation PASE L 0 & DNA SEHEEFC L2 H DN
FThBEELLRTVAH, DNA SR, TS
M35 de novo BMD L Tl <, Thymidine kinase
K kb salvage BB OHFEL TV 5. HILECILE
ey o v Hd % salvage & de nove KiC
HABEFE LI TWEA, TS HEXRN AT
& thymidine kinase {EHEHIGI 2 h?, L LA LR
TEHEVHME 5, TS HEZ LS DNA A
PRt LT, salvage SRR £ 2 DNA AEI{BED
BHRCELTEORERNT 2 RBRTHSE. T
TS wat LT F-dUMP DfE81I L 5 BARBEEO L,
TS OEIFR AT K Tetrahydrofolate D&, /¢
FOMBELHY, SHROWENROETTNS.

BrRzbesion, JRE CREEXE L
R g S LT 4, BEEOTE
H, CBhEAIEX T L BLBEE, AHRREE
4, FLT, FRAECHHEFEHEE LAABERST
¥ K.K. FIERAKEh D2 cHFH L LET.
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