Investigation into Biochemical Modulation of
Chemotherapy for Gastrointestinal
Carcinoma— Evaluation of Ternary Complex
Formation and Reduced Folate Metabolism
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LR LR BT 5 A {LFEHOP 5
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SRAFEFEAREE—HE (EF  BLFFHD)
pi I O

FE, BLEErECERR YR EREEE LT, 7ok $ SV LT ORGRTOMAIER ER TS, KB
eI, 7o {bEY I O VOEREROAGYRLMCTAZLXENE L, BEERCET 27 oLy I v ORHEE
BRIEHARET D & &b, F 3 OABARES (thymidylate synthase, TS) OEE L BERRICOME T T 5 BT ER
PR - OEEA B Lic. T5RIOMERERN SB B, KBBOFRASSTEA L EREEIMRGE Ao, BRELHER
ISR L, TS #E, ¥ 3 o vE¥ — ¥ (thymidine kinase, TK) #&¥, 5-7 A4 7 v 7 ¥ (5-fluorouracil, 5-FU) @V v
Bl L S REBOBESEY, BETHEBTHILAF LY F P Fe ¥ o EE (methylenetetrahydrofolylglutamate,
CHH.PteGlu) 3 L U85 + 5 & F = 3EE (tetrahydrofolylglutamate, HiPteGlu) OBEXRE L. DI, PV F T ATF~A
L7 w{bF+ v ) o v—giE (fluorodeoxyuridine monophosphate, FAUMP) & TS 3 X OURRMEERIC L - THE S 1
% ZEREAH (ternary complex, TC) DEEMBE Lic. BHEMRD TS BE, TKEH, 5-FU 0V VE{L® X 04 B
B, 29°00BTHEROAIHEE, TC O¥FMIZZTA LR, 2.513.6nM, 2.6+1.3nmol/g ##k/min., 4.5+3.9nmol/g M
/min., 1.4+1.0nmol/g A #&k/min., 1.9+1.0nM, 368 5 Th 7. e, TC O¥RRGM & RREPN D CHHPteGlu $E &2
X < ABEE L7 (y=89.8x+18.6, r=0.869, p<0.001). #A¥:D FAdUMP & HNRMBTIER L TR IR TC O TS BEC
AT AELELERTARBETNF | A BAHBEMER (thymidylate synthase inhibition rate in tube, TSIR in tube)
12, TS BEE G0MEEEY R Lk (y=—037x+2.672, r=0.543, p<0.001). LAEDOHERERS S, 5-FU OFAHI7 v L'V S
SUORBENRErEELE:, ¥ LTEBHRRECALRS TS BECETHERBEOMER Y v{LEY I oV EERD
TS fAE®RR TS HEOKHRCEEL L2 LEX DRI,

Key words fluoropyrimidine, thymidylate synthase, ternary complex, reduced folate

WL RO ERES ORRICE T, FRROABY
BRABEDHRLTH S Z LICRHITV. LrL, RFREOR
E By CERLEMCEET S Z &b Eh T, #17
W, ERBCRT AR LEREORBRIAB THEHLER
5.

WHE204ER T, {LBEE L5 AWK, BV v, IR
i ¥ OWRBEREIREMCAE L. —F, BF, KBED
FHEALEES LD RHRER VO BMENROELTD
h, ZhooBECLERECYHRIMPRETE LV ID
NERTH-T.

FEDE(LSRY, EEFHRBRC L - T, FBIUEAOIER
BEOMIEE &b, BERRAHERICE LERZER LS
BELHLMCERSDOHD. hrhMRKESC, BEM
MR TOFERAORBLRELLOYPRBELRS, Vb2
A (b2 BT (biochemical modulation) DERZEA Liz{LFE
BEABEEREIRTWS. AhTh, HLFREOBECKY
LTz, 5-74#4 81 ¥ 5 v (5-fluorouracil, 5-FU) #{EAEF
(effector) & LCHEAT A4 FGHRBENEBEBO, KB,

TR 645 A24A %A, PR 64T A2TARE

Abbreviations: DEAE, diethylaminoethyl; FUMP,

methylenetetrahydrofolylglutamate ;  CH.H.PteGlu,,

BEREE e T hTW5. Tiebh, vl a Y VYRV AT
SF Y A FA4 = VRSHE? ¥ RHIKRT (modulator) & L7
5-FU REUBFI 04 LR o SRR e s h, BIKT
L F DREIGED LI T B,

5FU D F 7= 2 H#E/RIL, 5FU 28 5-7 44 r-2-Fd %
v ) Uy — Bk (5-fluoro-2’-deoxyuridine 5'-monophosphate,
FAUMP) Io B X hicth, €V 2 oV OHESRBRERET
BAEF I UABEMEEHE (thymidylate synthase, TS) 8 XU »
FLvF b5 e F e iR (methylenetetrahydrofolylglutamate,
CH,H.PteGlu) & & &1z =H#KES 4 (ternary complex, TC) %%
L, TS #RELTHZ LA™, Lichi-T, BEMREAN
To® 5FU ORBIEELRL, TS CHT2ERORNNAE
12 5-FU e+ A EEREHICRRE T L E 205",

aAfaRy) vRVATIFVEFAMRATELTSFU L& d
wHVASE, o BRIESMIER ORI ERERE O®M
THBH. Lal, e FRREAKEACCESEERND
5-FU KRBz BIT a8ENI4 <, AT FAdUMP OFETT
B Eh3 TC LfRRTEER L ORI VTR IR

fluorouridiﬁe monophosphate ; CHH,PteGluy,

methylenetetrahydrofolylpolyglutamate ;  d-RiblP, 2-

deoxy-a-D-ribose 1-phosphate ; FAUMP, 5-fluoro-2'-deoxy uridine 5’-monophosphate ; FdUrd, fluorodeoxyuridine ;
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TR FRINTWicw. FBFHODRCEEL 52 2 BEE
RAROE(L2MRFOBRNIT, R LEFOCHERICH TS
BREWOFH™ LR, BRIBOTCEERILTHHELEED
ha,

AHETIE, b FOBER X OKIBEOFEEIGRM A B
T 5-FU o3, R{LcBboBEDEE, 5-FU ODEWERT
B5 TSEE, ¥LOHREIA TC LEAKRNBETHERD
BRI DL TR L .

MREBSLTHE

[. %t LS

199048 1 B X 0 19914E 5 A ¥ TSR AFEHE—AF R L 08
AR B\ URBEERENCER R RBE L2 s hic
FEHID 5 BLIsFlENRE L, FOEBE I CIRMN IR
FIErSTRRGE R v i, AR, BEEREERE, BRERY
VoS Ok, KIBRERERESKRE, KIBEERY v f 1K
hThotc. i, BREREN D Scm U LB ETOTERE
K14 R LT Lic, b, FOREIZE R
LEEFE#ZL 2 /B OWT L, BRESYOMECH L. 8
RLcREZELCHRESRTHEL, OB —80CTHREL
1.

I. Bi3ersE

1. BERH I LS FHE

BTREED 5 HLBFLIF, KBRS iy v — it EL
T 600mg/HD UFT(FH7—-NEDSUADEAL 1: 4D
EF) =—BEEE L, BEONBO 4~ 5 BEBICEA LR
KLz,

2. BEE

1) REOWH

5(6"H-7 v * v &4 & >~ vV 2 v (fluorodeoxyuridine,
FdUrd) (New England Nuclear, Boston, USA) 7 & @
‘H-FAUMP Dz, TEREMREROF I o vdr—¢
(thymidine kinase, TK) %\ /=, S HNEMRBERXD TK ©
FAEILTOL 5T, Tihabd, ZEBEBOMH F v
Va—5y b OFEMCT 3RS L -EHRERRY
ML HERUACEBEREAKT 2 EEE Lc®, ZoMals
lg WEERACREWA GmM Hifb~ 7% v v A, 256mM Hik»
Vo a, I0mM 2-2 A F =& /) —nk&is, pHS ©
50mM t ) AEEAEER) L ASEMI TSR LE. o
hxdC, 105000xg, 604 HDOEELOE, LELEERAE
WA TLREEIEST L. BT, 4°C, 10,000x g, 205 @O
L, T L% *H-FAUMP JRSHEEE (TK) & Lic. Z0F
BRAEMBERXO TK 2 B\ T, 5[6*H}-FdUrd » 5
‘H-FAUMP 28 L. $7bb, 3, 0.IM kv s>
v A% &l 06M b+ U AEEREETK (pH8.0), 100mM ATP K&
¥, 120mMa-2') 2R 7 3 A7 2 — P KBBEEYBOBD | BE
TOEA LB 02ml fiz, 5-[6-°HIFdUrd 0.5ml #40°C,
105 EREZEE T -7 b DR E» LTEEBRE L., 0
HERE 0.2ml iz, TEAESKESEREO TK ¥ (Eh) 0.8ml %
k., 37C, 1RG4, KB, EEAK 1.0ml, 20% *

5-FU, 5-fluorouracil; L. casei, Lactobactllus

&=

Y 7 v o BEE (trichloroacetic acid, TCA) 0.5ml % pnx RJG% 1
Wiz, 4T, 3,000rpm, 105MOELHE, EHECSED TCA
BREFEMLI05MER L, 51 3,000rpm, 104FEO L
2. TCA BREFNZ b V-n-A 72 F A7 3 v (tri-n-octylamine)
IT7g w1, L, 22r 0V Z2mrme bV 70t w= i v (] ],
2-trichlorotrifluoro-ethane) iz C 100g & L7=b D& FERL
2. 48D PEI £vw — A7 — + (PEl-cellulose plate) iZ3&
LEFEY 1/ABTOREZR, IMEEREL IMBLY 77 2%
EZBTOSHEBHERKRCCRE L. Z0OKE, £PEl®ir—2
V- b+ OEHNCEE 2cm @ PEl A r— 27 L — bk 1 BF
DOWANRT, Thbi 10mM OIFEH FAUMP % 10 ¥ o3 %
8, FRRCREE L. BIMELT CTHEH FAUMP OB 47
AL, Thx~—»—& LTHFJUMP BB XA TWB S
O PElerm—AEh&ly, RBERACBLL. LT, &
OFIT 0.2M ¥FEE7 vE=Y A dml ik, THOCEERS,
3,000rpm, 10MDELETT -7, 0 EEZ*H-FAUMP %K
EL, BYOWEIZEHIZ 0.2M ¥B7 vE=v 4 2ml &
%, BB UTHFIUMP OB, o8y fT 7. Z0&Fy
BORL, B5hH-FAUMP B¥% O HEEM A 3.7x10dpm/
ml LLED D ODLEHERE L, BERESAECMHER L.

2) YIBRERED b DOBER D

FHIC & 205 1 BRERUPICIKBERICCHEE L, TE
T—80CKCHAF L. MBI IHRENEKIOR LNICT 572,
WECEEL, LTO LS REEREOAUER T .

i.TK, e tevSvirFe ey r—ER8IU5FUY
vEBLRER DEEFRIEHERE D 7o DB {SNE

Btk 1.0g & dml OBERIERB AR INZ, | pREBRLE
#, 4°C, 105.000xg, 650 DB ELOET-7. HOLEO L
BrEBEOBERKLE L.

it. TS &E, ¥ JOETHERBENE DD DRIGNLE

£#itk 2.0g & 1.0g T2 bl}, ThEPhICERKRRAMNEB
(15mM CMP, 20mM 2 v a7 b= 2 =, 0.IM 7 o {bF+ b
Uy 0.2M b ) AEEREEW, pHT4) % dml ¥ 2hnx, 14
R L7288, 4°7C, 105000Xg, 655 MDME LRIV, £
BrAREOBERKE L.

fil. TC DWIARTE D 7o sd DBASILE

Bt 3.0g % Tml DEERKABEB TR Lo LSHL 2)-1i &
R Lo,

3) EEREROWE

i. TK oE#HE

0IM Mt~ 2% v v ok &l 05M + ) A EEEHE
(pH8.0), 120mMa-27' ) € B 7 3 R 7 = — b KEH, 14Ci/ml O
UC-# 3 v (New England Nuclear) %41 ImM + 3 v,
8 LU 100mM ATP KBERE=ThEFhEETOEAL, Zh
FHEWE Lic. ZORKEE 0.05ml @ 2) i TIER LBER
0.2ml %#pnx, 37C, 20 MRIG ¥z, PEAC 3 HHEBEL
7o, 3,000rpm, 105FOFLEFTV, £O L 0.lml %
3x3cm @ DEAE /b= — 24 (TOYO MiE, B=) i T
L, Zhe ImM FBR7 Ve =¥ AR TI0OSMEESRE, REK
THE L. FEB7T vE=0 AR EBEKC L H8EhY 2 ER

H,PteGlu, tetrahydrofolylglutamate; H/PteGlu,

tetrahydrofolylpolyglutamate ; TC, ternary complex; TCA, trichloroacetic acid; TK, thymidine kinase; TS,
thymidylate synthase; TSIR, thymidylate synthase inhibition rate
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nE L7c#, DEAE vre — 2y BE L. REHE,
DEAE = r —AfE N4 TARBL, ML VIKTHERLE
Sl v+ 7 LV F—-1 % 10ml iz, DEAE &/ m — 2
FLCBSTCF 3 O Vv—B R R v F V- s VH Y
vE - THE L. tk, BEREERTT (dpm) & LTHl
L UUFAL). —F, —#o DEAE £/v 7 — ARG
FhPernEE AL 7A B L, DEAE ®in - XK D
MC-3- 3 OV ENC-F § OV — BB ORI RIE L. WIEMEDS
5 lg Hich DM 1 DENCER LicF § o v—#EY &t
BHL, ZOEXTORMEMBOETS TK FEL L.

i. veFeysyaFe Fayr—EiEkoflE

0.IM k=27 % v v 2% atr 05M b Y AEBEHK
(pH8.0), 250mM 7 w{tF bV ¥ 4, 500mM == F VBT 3
¥, 10mM PeFr=aFv7 i FPF=v PRI btsFF
7 # A7 = — + (dihydronicotinamide adenine dinucleotide
phosphate, NADPH), 20uCi/ml ®*H-FU (New England
Nuclear) #%% 0.1mM 5-FU, ¥ X0 50mM ATP #%&9>
BoLEERE L. ZOEBRK 0.156ml 12 2)- 1 TR LB
g 0.lml &Nz, 37C, NG E®Ic. KB, 2M O
BIEREE 0.05ml W CRUG% k%, 4T, 3,000rpm, 5 2 MO
L. £OEED 0.2ml ¥RBRECE D, 2M ORERIEH Y ¥
A 0.06ml Z¥RIn LT, 3,000rpm, 5 5 E&E O L. &L
%, k¥ 002ml = srety bTEY, TLC Vv —+}
(Merck, Frankfurt, Deutschland) % 2B L 7c. BB
17:3: 1 OBEHOZanki A, A&7 =0, BEBE2HHS
LR HG. 15~205HORBOK, TLC 7L — M2 &R
¥, BHEIT TR LENLRERAH 2N E L DAL TAIZA
hiz. ZHiz AN HCI 0.1ml 2 inx 7%, ACS-T1 10ml % jn
z, kv vFr—vavav vy —TillEL. —h, —
MR TR Y N i RDR, BHRHEB LD
lg DREMBNEARRE (D) Y hics@ L7 5-FU ExEH
L, REREELE Lz,

fi. BVISCv 7 +RAT7 20 EVNLLIFT VAT 2T —H (B
B 1) OFEMRE

5FU #E#7 v {bw VY o v —g# (fluorouridinemonopho-
sphate, FUMP) i F ¢ 5 ABERIEEOWEL T -7, T7cb
b, EEFO0 05mM b Y AEEE (pHB.0), 0.05mM #{k~ 7
vy a,0ImM 7 ofkF bV v e, 0.04mM 7 4+ 27 4 VR
e e s, ABAK, &0 20uCi/ml O'HFU ¥ &%
0.ImM 5-FU mbR a2 EEREABL, 20 0.15ml &£ 21T
F U cBEER 0.0ml BAITC, 04 MKIG I ». 3008
BEHIZKS L, 2M OBEREBEY ML TRIGE kDT, T
4, 3,000rpm, 54MOELEFT, 0 LHE 0.2ml &/
Bz, 02M OKELHV v ok Mz CEBLE. &5
=, 3,000rpm, 54 R0EOOE, L 0.02ml * 3)- il ORE
BrEEgzLT TLC Yv— 2 AVWTRHL, Rafsr s
vwr L. —F, BBk v v F R ERD .
BORACNEE S 1g OFMEERL BARMH (5) ¥ichic) v
Bt L7z 5-FU BREH UKRBRIEEE L.

V., 93UV RVANINSFS VAT 2S5 —E+D ) O UFF—
(R 2) OFEMNE

5-FU 76 FUrd ##& T FUMP IE 5 KEROFERORE
W, FEERN—IRRLA LM ERARE LT o, T
by, HEWE LTREKORHVIZ 0.IM ATP %, 7 + A

7 4 VAR e FEEDO D DIZ 40mM D) R — & -1-EEY
FAWTHE L. BohlEEr b 1lg ORERH BRI
(4 Yoy vEg{k L 5-FU B2 EH L, AEROBERE
ML L.

V., USVUAFAFVIYIVRVILIFF VAT 25 —E+F I
V¥ S - (B 3) OEENE

5-FU 535 FdUrd ##% T FAUMP & % A OEMEOR
Ei, EBRS PR BN 3 BB LTk, T
febl, FHERE LTEEKORb I 0.IMATP %, 7 4 A
TV YA BEBROM DIZ AmM OF A F V) K-
A- BB RACTE L. BohicllEEL h 1g ORER
DB (9) Yo hiy vERML LA 5FU B2 EM L, A&
BOBRESEE L.

vi. BERR TS BE R IV TS [HERORIE

Spears 5P DFEIE L TITo1e. Tiehh, BBREHNK
2)-1i OEBFEIC & bR L-EERWK 0.2ml ¥ AdL, L CREEIK
A (0BM BRB7 vE=V A, 0.IM 2T =g/ =,
0IM 7 ofbF PV 2 AR LI 16mM CMP 226 5) &
0.2ml, *H-FdUMP (50mM Y v U 7 A EHKIC T 3.7%
10dpm/ml %) » 0.2ml, FRCHRFEE B CmM
di-L-5 F & FeZEE, 16mM 72z VR, 9ImM 7 3L
ATAFEe F, 16mM CMP, 20mM 2 A 7 =&/ — 1,
0.IM 7 o{br P Y v a, 2%4mME7LT I VvEED,
50mM U vEEH ) v A EEHE, pHT.4) % 0.Iml AL, 30C,
05 BREERT. FLTEBICEEIE, 10% TCA0.7ml %0
2R #EiEDt. 4C, 2,000rpm, 545MOELE, LFELR
Bl L, s 5% TCA 2ml T2 E¥# Lz, &EE, It
WICHE 0.5ml ¥ I BRI, COLEEAAT AR
L, ACS-I 10ml #Mx THiEY vFL—v a vy ATV E—IC
CTHEHEMYRME L. MEBI V75 v rEELFIVE
%, i L7 H-FAdUMP O iEHEMTHR L, Zhs b
lg Yo hd TS Bx KD, —F, ThETHICT vbeY
IUVRGUERIC X AWML ERE R T LAERICE LT
VL, BERYSERATC, SEMMEL 2k, FRONE
THE TS BELIE L. BEK A X ITMERTERCES
RIcEx# TS B (TSw), BEE AW L DATAE % JifT T
BN EE T LESE TS B (wroma] Swe) & L, Spears
B OEMIC L 0 EOMEHE TS B (TSw.) xROKXTRD
1.

T Stree = (appronimate T Stree — 0.13 X T S1000)/0.87
EHie TS HER (%) 2ROKXTRDI.
TS Kﬂ%$ =100x (TSAauI—TSﬁu)/TSlMaI

4) SHEMED FAUMP & LS LR SRR D 2 DT F T
TC HHED TS EEWAT A ES % (thymidylate synthase
inhibition rate in tube, TSIR; ws) DYTE

FAT A BMATERBOE VAT TS BEOHIE L AR
LTfinte. Tichy, WEEDAF L Y7 T e F ol
(mythylenetetrahydrofolate, CH;H,PteGlu) D X DFET T D
TC MEER, d-L-F e FrERLT 2 VATATETD
MEdEEtVERTFERB YHVCCllE L. i, AE
¥ HPteGlu % CHHPteGlu & 2 ok FTD TC R
B2, diL-7 e FrEROL YRR AETFHERB %
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AWTHELE. #RFAER *HOTHIEIh: TC BK
B0 TS BEKHTAESER TSRy we (¥) REKORK X -
7z.

TSIR. we=[TC M E/s E&] /(TS &/ M x100

5) LA CHHPteGlu ¥ X 0F HPteGlu BEDRIE

D. V. Santi = (» V7 x =T kK%, USA), BEEHE
+ (BIIKE) X bS5 % 507 Lactobacillus casei (L.
caset) ® TS A\, CHH/PteGlu, #7237 Vv A7 5F
KT CHHPteGlu w%#: L= HPteGlu %, *H-FAUMP %
AVWT TC L LTRRETIHE R Lol Thbb, 20%%
RI0KHAE S i TS WEHOBRKE 0.2ml, 50nM
H-FAUMP 0.2ml, #MEFEKB 74X B" 0.1ml, X UHIE
EATFHE L7 T0nM @ L. casei TS A D #EEH A 0.2ml H»
LA RIGHE®E30C, 200HA vFa N~ g V2T,
10%TCA 0.7Tml W CRGR LD, ZLTC, KE+OD
‘H-FAUMP %JlEL7. MRAFERB 2 HERA L THE LA
EEYEREAD CHHPteGlu BEE L, -HETHEDB’
PHEALLEECBOALEL Y ZOFEYE LTV IERER
#&D HPteGlu BE L L7z

6) 30%H B FE I+ ¢°H-TC (TS-*H-FAUMP-CH,H,PteGlu)
DRI D RE

#Hic, *H-FAUMP I TEE# X e TC 2 &8, K\ C
BEO FAUMP #inz, &I hic TC OoREHEEZ RDT.
T7ebb, TSR, we PREHEEX A, BEKRNOHNERED
CH,H.PteGlu 3 X ¢F HPteGlu D A D HFET TEB I -
TC #ER IRk, 37C, IHEOI vF X~ g VIZHW
T, FGHEF TH-FAUMP OFIRED2, 0006512 B 722 B E
wied FAUMP #inz, Z oA L hEER Iz TC O
MloBlEx Bl Lic. BRE (045 &10, 208 T U305 D 3
B WRIGEEED 0.Tml L, Zh%xkg L1z 10% TCA
(0.7ml) A b ORBRERICZ. 5| &FEE, TS BEORE &
R IEE S 5% TCA W TS, THLIeRAEEZ A
ELx. E#Shi TC OBRFEONBE LM & b, K%

N
L)
|
l

|
|

=
wn

(n mol/g tissue/min)

Dihydrouracil dehydrogenase
in

Gastric Lymph node Normal
carcinoma meta. mucosa
Fig.1. The activity of dihydrouracil dehydrogenase in the

primary gastric carcinoma (gastric carcinoma), metastatic
lymph node of the gastric carcinoma (lymph node meta.),
and normal gastric mucosa (normal mucosa). Vertical bars
represent mean=+S.D..

=

BT & - TBERNS0%1C7s DR (4) 2L e L.

3. REMERRE

TBREAD > b, BRI, CEET 2 EERE Y ~<
FUY v—xF O VRETRE L. FREERRNEITE
B D BB B I ORBER D HBC X o 2.

4. FETEONE

RBic2 2BOVRBEOZEDEEL Student D t BEX AW
T, Bicd IBLULOTHEOEDOKREIL ANOVA 4 H L
TV, ERESYLUTEL - THEEE Lz, &1, ERILE
N2RBEC I ZERERTRL, 2EEOHEBNIIHEBERE ()
TERLK.

B &=

. SEEFREME

1. 5-FU Dok OB EREREN

5FU O BEROBERRTH AV Vv I v iFe b
By - YOFREIERERE 0=37), BREB YV v
(n=9), EEEHEMARL h=16) TEhFh 1.4£1.0, 1.1+038,
1.8+0.7n mol/g #&k/min. THo7c. BEERED 5-FU DR
{LEMIER B HBOE ML Tz (R 1),

—7%, 28D ERTORBEREN L, ThLh 102, 16.1n
mol/g $#/min. LED THELREL Tz,

2. 5FU ©Y vB{LEROBERE

BRREAEE (n=22) WRITHEH]1, BE 2, BIUEKRS3
OBEFIEM I Fh 0514£0.70, 4.504:3.90, 9.00£4.70n mol/
g B/ min. THH, BRADEMELRLCORBKRITH -
72 (H2). BEEFHE =8) XTI HEHK1, 28IV IDE
FEMIZ TN ER 0.2440.17, 2.6043.20, 4.4043.40n mol/g &
#/min. THH, BRERY v =5 TRFhFh
0.20£0.20, 1.60+0.50, 8.30+4.80n mol/g MfE/min. TH - 7z.

B, 28BIU3KKVT, BREREREEERBEL Y
HEREWEELE LTV (P<0.05).

3. TK &4

ERERRE (n=28), BRER ) vl (n=6) BIVEEX

fuy
[=2)

*
z ; !
> 14 _—
°
® =12
§E * *
S5 10 I 1 [ 1
a _
g2’
PR
o Q
= B
Ao 4
D ~’
B
0 —1 . .
Pathway 1 Pathway 2 Pathway 3

Fig.2. The activities of 5-FU phosphorylation pathways in
primary gastric carcinoma. Pathways 1, 2 and 3 mean the
pathway of pyrimidine phosphoribosyl transferase, the
pathway of uracil ribosyltransferase plus uridine kinase,
and the pathway of uracil deoxyribosyltransferase plus
thymidine Kkinase, respectively. *P<0.05. Vertical bars
represent mean+S.D..




L EEER L ERIEC BT B ELEREH 725

fHHE (n=12) © TK &Mt h £ h 260+1.30, 2.30£1.30,
1.10-£0.90n mol/g ¥&E/min. THH, EMFERRKIZE ERME
CHNEBICEEY R LT (P<0.05), (K 3).

4. TS BE

EEESEE (n=50), EEHEE (n=14) 8 L UKBRRRER
m=25) © TS BERZTh ¥ h 250360, 070070,
3804+3.40nM THH, BERERERZBEFRBCHEFEREIC
BEEE LTV (P<0.05), (K4).

5. TK &M & 5-FU @V vER{LEER & DBER

TK Bt BB 1 e 2 L oM EELABERA bR
Ps o o it (r=0.277, p=0.266; r=0.350, p=0.154), TK Gtk & &
w3 F ORCEESHEBMRED bt (r=0628, p<0.01), (K

4.5 %

e

w
tn

@

2.5

fyel

._.
Cd

TK (n mol/g tissue/min)

in

T

Normal
mucosa

Gastric Lymph node
carcinoma meta.

Fig.3. The activity of thymidine kinase (TK) in the
primary gastric carcinoma (gastric carcinoma), metastatic
lymph node of the gastric carcinoma (lymph node meta.),
and normal gastric mucosa (normal mucosa). *P<0.05.
Vertical bars represent mean+S.D..

TS (nM)
R L - A I

Gastric Normal gastric
carcinoma mucosa

Fig. 4. The activity of thymidylate synthase (TS) in the
primary gastric carcinoma and normal gastric mucosa. *
- P<0.05- Vertical bars represent. mean=+S.D..

5).

6. 4B D FAUMP & NIRRT EEBORDFE T TO
TC MREEL+D TS BEHTIESR (TSIRn w) DRE

B3 X OAIBREE A9 D TSIR: we 12 25.1£172% TH
b, ZOMEIE TSEBENKE AL IIEL krHARXE
L7 (r=0.431, p<0.01), (K 6).

7. TSIR

#idw UFT 253 h 1283kt % TS [HEX
(TSIR) 12, TSIRuw we E12 87D TS BENRKE T2 o TP
T BERER SRR 57 (RT).

8 . &AL CHHPteGlu #E % X 08 HPteGlu £ E O flE

20
18 ©
16
14
12
10

Pathway 3 (n mol/g tissue/min)

o
o D e .

1 2 3 4 5 6
TK (n mol/g tissue/min)

Fig.5. Correlation between thymidine kinase (TK) activities
and 5-FU phosphorylation pathway 3 activities in primary
gastric carcinoma. Significant correlation was observed
between them (r=0.628, p<<0.01).

904

8010

12

TS (nM)

Fig.6. Correlation between thymidylate synthase levels
(TS) and TSIRs ws values. Significant negative correlation
was observed between them (r=0431, p<0.01).
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BER LI OKBEDGCRTE, 2200¥RBOATEBE X
1.90£1.00nM T3 b, CHHPteGlu &, HPteGlu #Ei2%
nFER 0.69+0.54, 1.25+0.69nM T#H -tz CHH.PteGlu #E
b HPteGlu BE L OMICRERLHEIZ DO A1z
(r=0.356, p<0.05), (K 8).

9. *H-TC (TS-*H-FAUMP-CH,H,PteGlu) D¥EEE, B I °
Zh & CHHPteGlu #E & DBIFE

0UEREICTELNIH-TC OEFPIII6LE8HTHD
(n=18), HKAMESSS, BIME23D TH-72. Ebic, *H-TC D

=

@
<
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<

Oo o

TSIR(%)
& &5 3 8
o
o
o]

g
o

10. (o]

0 1 2 3 4 5 6 7 8 9 10
TS (nM)
Fig.7. Correlation between thymidylate synthase levels
(TS) and TSIRvalues. No correlation was observed
between them (r=0.429, p=0.164).
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Fig. 8. Correlation between tetrahydrofolate and methylene-

tetrahydrofolate levels. Significant correlation was

observed between these two folate levels (r=0.356,
p<0.05).

=

EFENIRIE L - RBRE R0 CHHPteGlu B & F oA
217 (r=0.869, p<0.001), (K 9).
10, EHEBNETHEREY L TS BE L OBMRK
BAEGAOTS EBE L HPteGlu WE L OB, $E0°TS
EL2o0BTHEROAHERE LOMICIXEOCHENRED S
hich (K10,11), TS #E & CHHPteGlu #E & DRICIZA
BOMHBIZA D 7 (1=0.176, p=0.312).

604

Ty, of the 3H-TC (min)

0O 05 1 15 2 25 3 35 4
Methylenetetrahydrofolate
plus tetrahydrofolate (nM)

Fig.9. Correlation between methylenetetrahydrofolate levels
in tube and the half-life of the tritium labeled TC.
Significant correlation was observed between them
(r=0.869, p<0.001).
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Fig. 10. Correlation between thymidylate synthase and
tetrahydrofolate levels. Significant correlation was
observed between them (r=0.721, p=0.0001).
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plus tetrahydrofolate (nM)

Methylenetetrahydrofolate

0 2 4 6 8 10 12
TS (nM)

Fig. 11. Correlation between thymidylate synthase levels and
the sum of tetrahydrofolate and methylenetetrahydrofolate
levels. Significant correlation was observed between them
(r=0.581, p<0.001).
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Fig. 12. Correlation between thymidylate synthase levels and
the ratio of the sum of tetrahydrofolate and methylene-
tetrahydrofolate levels to TS level. Significant negative

correlation was observed between them (r=0543, p<
0.001).

—J5, TS BECKTHRTHEBRBRE O, TSREN KX
L e BRONEEZHA Lic (r=0.543, p<0.001), (K12).

11, EEKGEPR TRERREE L TSR, w. & OB

REEHRD CHHPteGlu BE & TSIRy w. & OEIZRH R
BB bRt b » fodd (1=0.041, p=0815), REEH D
CH.H.PteGlu #E% TS BETHRL7EEL TSRy w. & DI
- REBREDOHEEIE S (r=0553, p<0.001), (K13).

70
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TSIRin tube (%)

Y
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o 1 2 3 4 5 6 7
Methylenetetrahydrofolate
/TS

Fig. 13. Correlation between the ratio of methylenetetra-
hydrofolate level to TS level and TSIR. w. values.
Significant correlation was observed between them
(r=0.553, p<0.001).

Z =

W O OPREIERBE OB ES, BE SR THER
ZWICEET ARTFONHBLOOHE. EhbiT7 o kY 2
oV RIUERIL, FORBIER L & LFREFAREE LS
CERTOBELHRVWERDO—DE 2B, 5-FU RZHhET
HiLsEs g LR ORBICHEAIh R Th DA, HH
L BAAMK EDFHTLIME TEDBRHREL RS Ieh -
7. FOEEL, 5FU pESHRERETIRCLATD
AEBROMMPES LGHECH ", T, EEHEHERN
T 5-FU VST 2 RMOER LM ST, 20 FR
U SHICT A D L3, BAMIEROS RO, Boft
R OB R ISR EE BN D,

BN, b P OBSEBNTO? o{bE ) O v AR
Uiz, HAROREMETIE, TK 2 5FU U vERMELEKO®
EEEETHAHY. £, 5FU % FAUMP K E#BRT 8B ICK
TTKEWIZF I 2v 7227 3 VT —EHERH LD HIXBI
IR EZRTEREY. UEOZ &, AP T TK Sk L,
5FU OV vE{LERD 5 HOfkEK 3 & ORICHE BB » &
LRfcz Enbd dmdbhs. Lnl, b F OFEEKTIME
BETHDHFAF ) K- A-1-## (2-deoxy-a-D-ribose
1-phosphate, d-Rib 1 P} #34 7 <, FdUrd SER» 1 5-FU I
FRENCTLES>EEZh, 5FU 0 vEHEIL D SEKR 3 O
BEEWICEMRH L. AFEORE, D, b b TR 228E
75 5FU 0V vEMERBTH L EE L bR, ¥, AR
wkhzhb 5FU 0V vEMLEREE L HELT, 5FU ©
SREREELERL > 2E TRV EAVHBE Ui, KEER
EHEOHHE & »T7 »{be ) § OV RIUEFIOTUBRIRIIE

CEERAIERTTRRDLHTE DY, AEROFLENE
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BIZL 57 by ¢ SVRHBAICH T 5 EEZEO—REI
ItoTWwWhinEBbhi,

—HEBATIE, BTMERIAY I E $ VEEE LT
ET A7, SEHIE L1 CHHPteGlu % HPteGlu 2% h
FhRV 7z s vEBER2AF LV VS b F e Fe EER
(methylenetetrahydrofolylpolyglutamate, CH,H,PteGlu,) ¥ L 8
RUI Az 3 vBEE ST S F e B (tetrahydrofolyl-
polyglutamate, H,PteGlu,) &E%x bhiz. KRHEOKHE TIL,
TS BEEDOBEMATIZ CHHPteGlu 8 L 0 HPteGlu BE D
AL, TS AEREORAB CIIEBRNBIERTHD LHHZ
nic. i, BREOEEY SUERRES CHEE I N EEN
MAORTHNERBE 05~2.7uMM LEEL, XIFRCHE
LARRRBREORTUERBEILIZZ2CEL, & P OMmFE
TOBEVGETHERBEY 2 Tr0o—REEL DRI,

B TS BEXEOe + OgiEEM& T2, CHHPteGlu #
H.PteGlu B&EEVE TC MBI+ 70?0 FET 2D THH 5 .
4D TSIRy we DWE & O LT OHRHRILT S

TC OWEER» HLEROKXMSE L. Ticbh, RKIGHE
BORBRERO TS BEF, FAUMP BE, XU TS &
FAdUMP O = ##E &1tk (TS-FAUMP) 0 EE* Fh Fh,
[TSla wes [FAUMPLy we [TS-FAUMPL e & L, RIGHEER
% Ky, Ki TET L&,

[TS-FAUMPIa wse/ {[TSkn wee X [FAUMPly woe} =Ki/Ks

Ehr, HEBREARO TC BE, CHHPteGlu B#EEXEATH,
[TClin tutes [CH:HPteGluls we & L, RIGHEEZEH % K\, K, T
TE&,

[TCla we/ {{TS-FAUMPi whe X [CHHPteGluly wee} =Ko/K,
¥io, BRBRENTO TS OMEIBRESY [TShww & T5L&,
TSIR: wse (%)=100><[TC]‘" tubc/[TS]ﬂ in tube

REAG N TO CHHPteGlu % X U8 FAUMP o %) A i B¢
([CHHPteGlul i wses [FAUMPL in wse) 2, & b1 TS O
BT AMCKE W E 2L, [CHHPteGluly we &
[FAUMPli wee {EZR T hAABEIICE L. T DRFITIL,
TSIRy we ITRDATHEINS.

TSIR: wbe (%8)=
100X K, Ky - [CHHPteGluls in wrel FAUMPL i wse/
{Ki-Ks+ K- Ki [FAUMPY i wbe +Ko Ky
[CHH,PteGluls i we'[FAUMPLy i e}

T7ct, FAUMP %6 & O CHHPteGlu OFEIEE 2 & Hic
TS OMABECLSTIEENZRKEVLE &, TSR, we i
TS OHMHIEE & BRI BREI LS.

Lic#i» T, 46 FAUMP BRI D&H4T C TS BBEO#HE
&bt TSIRy we DEEERIR, TS SBREOCEMEM T
CH.HPteGlu ® HPteGlu #% TS iz LEXNRIIZARE LT3
ZEHRRLTWS,

TSIRy wee & Bz b, HIEkENIC UFT A& S Wik B0
% TS [HER (TSIR) i2 TS ERECHKL TS BREOM
BoMERRShote. Ubib, TS BRECEMABRT
117 o{bE Y I CVvAORERBIT L - T, thoBTHERN
# CHHPteGlu % H,PteGlu ~DE# 1M MEME X h 7z ATREM: 23R

Bahic, 20k 5 REBRRBEZ, TS BE KT BCHH,-
PteGlu % HPteGlu BEDL & & 11z, TS ABEE OBEAL
EWOE TS HECEELRIETLO L Bbh b Zhick
L, B\ TS #EAXRTEHEK T, TSEECH T3
CHH.PteGlu ® HPteGlu #BE DA TSHEY FHTAHK L
BEELRTFLEEL ORI,

LEEO 7L 2 3 vEBEEYHD CHHPteGlu % B 7 J
ETIZ, TC DEEWIZRBREHND TS BES FAUMP # i
BEEENRT, RBREANOEMD CHHPteGlu EBE D Iz k£
BENBZENREINTLB9®, CHHPteGlu, 1%, £/ 7
N2 3 vt B @ CHH.PteGlu (methylenetetrahydrofolyl-
monoglutamate, CHH,PteGlu)) X » % 200f%5LL =D TC &E{L
ERAZELTRD, I 2 i vEERMNIUEeHIE, 20%
EILEAI—ETHEEREZhTV5Y. RO ETH%E
Bz b A BERNIULDORY Pz vEERITH LD
T, TC DREMIL, BP0 CHHPteGlu #EE D LI KAFT
Ariicissd. SEDHNEZRRE» DS, BAKMEETS
CHHPteGlu BEDZENR TC DLXERICAESFE LT 5T
ENHEA LI, Lo, iz TSEBEARLTY, A%
D TSIHER %155 D HE FAUMP EBE2YEEMEM TRz
L0 LB TR, TS BEECBRABIZE 7 vk y 1
VRHERICH T AREMENE & T 5 Maehara HY D&M
bsH. LrL, ~FTTS EBRETHH L, AEED TS
Eh L bTORNERL FAUMP ® CHHPteGlu % & H %<
DHEETBID, 7ok $ CVRFEHAPGEIC VLT
HHELHBHY. ZOZODEZR—RAFBELTVHI5>TH
A8, T4 7 FAUMP ® CHHPteGlu #f> Z &tk b,
TS BEDCBEIIE, 7 o {by) IS VvRIUEFICH T 55
WERESR AR TES L EBRL TV D, b FREERAD
TS WEZEERELLETS LU TEL, BEGHETH
ERBELED S 5-FU OALFMBHMRSEIT L D AELE
BrEFHESTL DD EELRS.

= i

FHEFEIAH LM IR TV A0 ER N8I, 20
FRBEROLKELHOMCTHEMNT, O EEEMS61H5
KRIBFEHE26HIE ) § O VRS, BIUOSEEAELE
TRBEBRNH & OBFRE R L. TORBLTOR®REE
7o

1. ko TS BE, TK FH, 5-FU ) vEEB LU
R EN, BT ERREE (CHHPteGlu 35 X O HPteGlu
DEEWE), TC OEFWANTFh+h, 25£3.6nM, 26£1.3n
mol/g#l#%/min., 4.5+3.9n mol/g##/min., 1.4+ 1.0n mol/g #
£/min., 1.94+1.0nM, 3648 HTaH 1.

2. AEMED FAUMP L WA ETHEROALDFLT TO
TC Wli&ED TS BELHTI2EFERXHUEL, Zhi
TSIRu we & LT, TS BE L OBHEYZTAS L, MEOHEKC
2, AOHBENED R (y=—037x+2672, r=0543
p<0.001).

3. WEC 7 » (LY I D vERREIhifiED TS [HER
(TSIR) & TS BE L ORCABBIBIfRIT A BRIk » 7.

4. PV FY ATEB IR TC OXREMIZRBREADE -
TR IEER Y (CHHPteGlu #E) & X B Lz (y=899
x+18.6, r=0.869, p<0.001).
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5. TS BECNTHBREHERBEOHLIZ, TSRENES
e DI ONEBICEA Lic (r=0.543, p<0.001).

6. REAFINO CHHPteGlu BE% TS BETHRLEL
TSIRi wee & DEIZHEELIE OFBEREMRA R LI (r=0.553,
p<0.001).

LEDRERM S, 5-FU OV vERERBENE & T, 5-FU
DL FEBIEVEITER LIBAETIZRL, 7ok 3 2vD
FEESRCEEYRIETEEL bR, i, BEEBET
abnd TS BECETHERREOMEL 7 LYy 1oV
BEHD TS HERYLETAHZI LAPLMATIz T,

El #

Fr b b la, HigY, ML B 0 ¥ L BMEIEFHRT
BEAAHMEYRLET. T, APRETCEL, HEENEELE
DNATFGRFH LR LB e « KRB, B 2RO LHE
PELET. KPR L, #E Lactobacillus casei © TS Z#RELL
TREESTRED YV 7 54 =7 K% Daniel V. Santi &7 HTICH
AR MDA DS, FERGEEONELEET
U E LEKREABESTIRRH&SAREERYE, THRAEMREYR
LTI S etE 4« APFRFOR B BBELET. 3bK, &
PEZTICIE LR RS LB 0 £ LI AA TR L RE R B ER
S, H—ABBEREOAR B ML S HERADERCES
AL ETFET.

fods, RRLO—EE, H50E A ABEARS, H29ME A ARIREY
LBENRIANT 4 AD vy v a v, BIEAFBERESREY — 7
Va7, H8EEANLBRESHS, HI6E, HITEAFHLBES
Bletaias, #oTE, #28EEANBABKBELRTBVTRERLL.
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Abstract

The combined administration of fluoropyrimidine and its regulatory factors have recently attracted attention because of
the higher efficacy on gastric or colorectal cancer. In this study, various enzymatic activities participating in the pyrimidine
metabolism of tumor tissues were measured, and interactions between the levels of thymidylate synthase and reduced folate,
which is the cofactor of the enzyme reaction, were studied to make clear the conditions for enhancement of the effect of the
chemotherapy with fluoropyrimidines. Eighty-seven fresh samples of gastric or colorectal carcinoma tissue and 14 samples
of normal gastric mucosa were obtained from 75 clinical cases. These samples were frozen and stored until use. Measured
items were the thymidylate synthase (TS) level, activities of thymidine kinase (TK), 5-fluorouracil phosphorylation and
degradation pathways, and the concentration of methyleneterahydrofolate (CH,H,PteGlu) and terahydrofolate (H,PteGlu)
which are reduced folates. Moreover, the stability of the ternary complex consisting of trititum-labeled fluorodeoxyuridine
monophosphate *H-FAUMP), TS and endogenous reduced folate were studied. The mean values plus or minus standard
deviations (meanstSD) of the TS level, TKactivity, the anabolic activity of 5-fluorouracil, the catabolic activity of 5-
fluorouraci!, the sum of the two reduced folates, and the half-life of tritium-labeled ternary complex in carcinoma tissues
were 2.543.6 nM, 2.6£1.3 n mol/g tissue/min., 4.5+3.9 n mol/g tissue/min., 1.4+1.0 n mol/g tissue/min., 1.9£1.0 nM, and
3618 min., respectively. The half-life of tritium-labeled ternary complex and the concentration of the methylene-
tetrahydrofolate in test tubse were correlated well (y=89.8X+18.6, r=0.869, p<0.001). A negative correlation
(y=-0.37X+2.67, r=0.543, p<0.001) was observed between the TS level and TSIR i, e, Which indicates the percentage of TS
forming the ternary complex with FAUMP added exogenously and endogenous reduced folates. These results show that
degradation of 5-fluorouracil has an influence on the anti-tumor activity of fluoropyrimidines, and that the differences in the
levels of TS or reduced folate among tumor tissues influence the thymidylate synthase inhibition rate and the duration of
thymidylate synthase inhibition after administration of fluoropyrimidines.




