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B HBEHIPCRIEIZ

fERE T 72T IV VERABEEE mRNAODXE%

GIKFEEE R ER B2
7* T

AR CGEAL U EAE)

ES

F IV NVEEREER (thymidylate synthase, T, ¥ IV 27 LA F FOHL AR ARERETHL L EDIZT
LE) IV RERAIOBEMNEEE TH B, ARG, 7Y 5 LR EEMITER digital image analyser, DIA) (Fluorlmager,
Molecular Dynamics, California, USA) % fjv27z$4 % PCR (competitive PCR) 42 £ 2 TSmRNADEBIE# Y+ 2 2 L 4 B
e L7z e MELARRESREEA IR OTE, TAIC L VIR SN2 SW 15K, KIBR35IE, B Fﬁﬁﬂﬁ?ﬁil’l‘ﬁw%ﬁ'%

AR L B TS mRNADE RS & TSEE BRI 2170,
WA L 72

mRNAJL (TS/7 7 F k) L LTHR LA, Bk 9MEIC

ERHLME & V0 72 TS mRNASE R OEIEME & % ORI EEIC
A8, A PE-VELTE-T7F > mRNADEE b FHEIZAF\, TS mRNAEIETS mRNA/ 3-7 7 F >
BUDTS/T 7 F It TSEARLOMIZIFELZEOHABE

B2 (=085, p<0.01). FHURKSIEUZBIT DTS/ 72 F > Hid 1.63 £ 1.57 X 107, TSHFIE 142,18+ 1.73 pmol/g #Ligk

BEETHY, FMRKICBIIBTS/ 77 F v L ETSEEE L OMIC

MBICBTBTS/T 7 F e, A—ERNIC

WZIZEELIEDOHMERD (=057, p<0.01). #ipT4k

BT BFMREDTS/7 7 F L EOMIZIZBEWEDOHE %0 7 (r = 0.94,

p<0.0D). TS/7 7 F >l & FRME BT R & O BT T, MSENREEEOREN T Eldtve, vIiEsl & izl
THEEEEEZRLZ(<0.05). F/-MMEATE, EOMEI BB ELELCEZICSWTS/7 7 F P ERLE
©<005). L&D, BEMPCREE MW CHRIE L EMRALMO TS mRNAR X FARAEDTS mRNAE S L UTSERE L
HCIEOHBER T2 ZEAHB LA, S50, BAMPCRER MV THHME L7 b b IS{L38EAREADTS mRNAR L, IR
BREL COBREEMANITFNT 28 & 2 2 WHEHEATRIE S/,

Key words human gastrointestinal cancer, thymidylate synthase, competitive PCR, digital

image analyser, fluoropyrimidines

EERESS IR A LR, ST AR L e AR
BEZOEFIZEMTONTEOREEBFE LN LS ET L
5. L) by, 5700y T 2L (5dluorouracil, 5-FU) 134
WBRE L & ORI DI ASE S, F OHIES) S ol
BHI L L 22 LEMHE (biochemical modulation) o7 FIt:
BPRE STV B,

SFUIL, 1957412 Duschinsky & (2 & ) HLHEE %0 S A e 22
ShTlhsk, #o@Fakd %‘&’)T?WE%}J@ 2 L CIE B o
BTHER SR, BUELZBRUHEM SN ZMBEAD1I>TH S,
COHBHM R, 5FUDAEENERAMYECTHL 70+
B74 %2y Yy 18R (5-fluoro-2’-deoxyuridine 5'-
monophosphate, FAUMP) & ¥ I VL& EE#E (thymidylate
synthase, T)B L A F L v F bS5 L FOER (5, 10-
methylenetetrahydrofolate, CH.FH,) @ 3% 4349058 L 7= A iG =
EHEIE (ternary complex) M 2 = 17 & 5 TS D IHE

YR 104 3 B 18 HA2fF, FER104E5 A 6 05

MIZES G- DNAAKHEY, 740y Y0 3% o
L72RNAREE SFUNT VAT FFF 7)) v 38
ﬂ.& & n@&DNA WD AE N Z LIk 2 DNAMEERE =Y
CENREBETALENTVE, ZhOD) LEKARETIE,
FAUMP 2 & 5 TSHEDS Il B2 SIET 2 L2 2 8FChH b
EEZLENTVAY, 0o TSIE, BECBVWTLT7 vk
KU I P R ORABE L LTHH SR BI0T - T
5.

FAUMP ORI # I THE 7+ 0 FFF 2y ¥ v (5-
fluorodeoxyuridine, FdUrd) % Fv:7:ff4: T, TS%F&"%VJ“’J‘
ZWHEET EFdUrd 12349 5 B2t atE < Y, {2 FdUrd T4
TS L EEHIAOTSEE ZI3 599, ijyo’c, 473
BUI BT 2 BABO TS EAE DN T3 5-FUICK T 5 BSHT
W, EHEMANIORIEIZIE U0 HEHRIROBEIZ 2 5
EEZOLNL. BE, BEMGOTSEREONEICIE, *H-

Abbreviations : BSA, bovine serum albumin; CDDP, cis-dichlorodiammineplatinum(1I ); CH,FH,, 5,10-
methylenetetrahydrofolate; DIA, dlgltal image analyser; DTT, dithiothreitol; FAUMP, 5-fluoro-2’-deoxyuridine 5-
monophosphate; FdUrd, 5-fluoro- Z-deoxyurldme FH,, tetrahydrofolate; 5-FU, 5-fluorouracil; LV, leucovorin; PBS,
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FAUMP R B WA T4 ¥ 57 v ANL{fThhiTw
AW L, NI YFA YT Ty eI REDHBTET
B, WinioEmdkE AV EMEEETHL. ok
EREPOBEEICMEBREIPSTSEHBZFMLIGS FEOH
EALENS.

SEAE, WEEEREEIZ L B DNASMIE & PCRIEZ M A&
&7 W B E-PCR (reverse transcription-polymerase chain
reaction, RT-PCR) {#7%, MEBREDORNADHMIEZTEEL L
7290 XL IZZOFEFRHLCHEA DERBEFRKALNT
VBH, FORTLEREOBEVERNPCRIES, ALMIC
R L7=ME a2y bO—L (A RT 4§ —) T HOHER
PCR (competitive PCR) i£TH 2 ™",

AR TIE, © MELRER SRRk, © M LEER
B L U MR % BV CEEA R PCRIEWC & A TS mRNA
NDEEBLIUTSEHEOHELT, MERETHVTHIE
L72TS mRNAE & TSEHBOMMMEL MRS L7z, 85612,
FRIRMRIZB1T 5 TS mRNA# & BRI PR & OB
DWTHRETL 72,

WERELVHE

1. BRSERE b & CBERARA

1. BRM L 708 ESE

SRR LSRR (4 KRB »oHHt5-%
Zir e b AL AR R MU B Bk MKN28, MKN45,
NUGC3, TMK1, NKPS, Colo201, HT29, SW480, SW620
9k, FNFNT5ecm' D7 5 AP THHEL 2. BERICE,
RPMI-1640 55 #1 (Gibco, Grand Island, USA) 1210% 7 < 1R M
& (Gibco), 100Hf7/mle=3 ) ¥ (I AENA*, HE),
100 g g/mlA PL 7 hv A2 (IAENAF) ZHFEMLAZD
ORMBALL. BRAMKILS %R ABROFEEENIZS
WC37TCTRERE L, orEEN & 2 MM & 1 < IR i AR
/K (phosphate-buffered saline, PBS) 2 C 2[dl¥ki#k, U7
~EDTA (0.05% ~J 7" >, 053mM EDTA) T/Hh—~XA },
BME, IXPBSICT LIRS ZB I > 7o, mik 8274k
EBITICER T A T— 80 CIZfR{EL 7.

2. Bk

SRR SRR R R I 5 52 55— AL 33 X OFBELIR IR L C RS
&0 S N AR R & AT S AL TV v 15 MK,

KIS 35k, B AR EIRIRTE Lk (BE305, =M214l,
KRR 65.85%) B L UKIGRE3SMIAD 5 LR IR
B 7 AR O R R b & L7z,

I. #RNADOHEE

1. MEfCHIRRR S & O Ag

WAL L CERREICH LTI 72V 72—
Voo 2 mO 7 4 L AED & —FRE L THRRNA ZML L.
Thbb, MOCHMK, BEEAE KEGEEE, SREREE
WHADHBE UMF 7=V 7437 YBRIE, 25mM 2 >
g b L EHT.0), 0.5% TN, 0.IM2-A LA 7L
¥ /=) dmlCTHhRTYF 4 AL 7%, 2MERRT M) v
(pH 4.0) 600 1 1, TERRHWMAF 7 =/ —vdml, 7007 %)
L12mlENERMA LS FDDEHAEL, 155 ERPIZHE
L7#:. #0f%, 3000rpm, 40 53-M&E Lo HEfA 2 o Lg% L,
2708 — ) 4ml EMNARAER-20CIZ TR BEE L 2. RS
3000rpm, 405FRRLHEL 20 LB 2B CARL Y MIDEH
400 2 12N AWM L7z, 277087 — )b 400 0 LR IMAIEHE L7
#5000rpm, 104-RIE L8 L, RNAZ RS L TG, it
Miz80% =% /) — LT\, BITHHESE7:1%12300 2 1 O
BKIZVAMR L7z, 260nm DU IEIE % il LA RNABRE % Hil
L 7.

2. AEMHLRL

ERYUEBOBRNAOIHIZOWTIE, T4V Yy
(Isogen) (=v K> ¥ —>, EI) #HVTITar, Thbb,
AR 100mEg H 720 ImlOEFTT AV P v EMAFES A
X%, 70074 )b 4 %A#E100mg H 720 0.2ml DHIATINZ
CTHRFML, 4T, 12,000rpm, 104 LEE LA, RiEzM
gL, 279,87 =)L 0.15ml # A RAH, 4°C, 10,000rpm,
205U HE L, RNAZ bt LCiR7z. TRiRiE80% 1y
J =V TEEy, WERE S 21230 0 | OBFAKIHERL
7z,

. H&MPCRE

1. TSHEATIDNA (TS > RF 1 ¥ —) OFERL

TS I v 7 1 ¥ —OFEBIECeli 52" O iz U7z, K
12855 DNA ETnlE 4l o DNAREHI 2L 7275 4~
—TPCRIEIEZ#4TH 2 k24 ), nlidgdhorca Ry
4T =R ERT BN TEBLEVILDOTH L. TSIZHL
THRM R PCRT T 4~ —TS04, TSTHLUTSa o RF 1%

Table 1. Primers used for competitor construction, PCR of TS and 3 -actin gene

Primer Length

designation (base pairs) Sequence 53

TS04 20 GCTAAAGAGCTGTCTTCCAA

TS7 20 ATGTCTCCCGATCTCTGGTA

TS14 40 ATGTCTCCCGATCTCTGGTAAACTGGCAGAGGGCATGGCA
ACTS 20 TTGAAGGTAGTTTCGTGGAT

ACT7? 20 ACTGACTACCTCATGAAGAT

ACT14 40 ACTGACTACCTCATGAAGATGCGGGAAATCGTGCGTGACA

TS04, TS gene-specific sence primer; TS7, TS gene-specific antisence primer: TS 14, antisence primer for competitive
template construction; ACTS, j3-actin gene-specific sence primer; ACT7, 3-actin gene-specific antisence primer;

ACT14, antisence primer for competitive template construction.

phosphate-buffered saline; RT-PCR, reverse transcriptase polymerase chain reaction; TCA, trichloacetic acid; TK,

thymidine kinase; TS, thymidylate synthase
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Figl. Schema of the procedure of TS competitor
construction. TS04, TS7 and TS14 primer are shown in Table
L

~VEH 77 4 = —TS14 % &Et L7z (R, 7I9 1 <v—DEH
44 a o) (BB ICERE L. B REEM T
Bl ot %% 72 TS cDNAZ TS04, TS7 75 1< —
TPCRIIGIZCIEIE L 72. PCREUCH KRS 7 A — 2 4
W (Agarose L, = v R — ) TikBiL, 367 %0 DNA
%mhmb7:/~»-7DD+WAmmL% L7z
DNA #K12TS04, TS14 75 4 < — TPCRILG 2 THENE L 7=,
PCREGH z &K@ E 7 Vo — XXV TikEIL, ’333&;,1)%\”0)
DNAZYIW L 7=/ = - 7okl athiliL, 2z TS
ARFA Y=L L7201, TOFPEZEDTSmRNA LY 34
BEMSELC, EIZRA - OIEERNEATATST Y RF 1 ¥ —
PR S sz,

2. B-TUFrarNRT 4y — DR

B-ToF AT 45—, TSI RT 14— LD
FMETER L7:. 3-7 7 F > mRNA O RT-PCR 47 284 1 &
W, BT oFra T 4y =25 E R D LI 3
T7F AR LT R PCRT 5 4 v —ACT5, ACT7H &
VR-ToFrarss 19 —{ElM7s 1 ~<—ACTI4 ¥ i%sl
Liz B1). &B, 3-T2FrarxF 4% — Oz Id Tl
ko) mRNA & 0 ¥ SR F RIS T 7 cDNA % v 72

3. cDNA &

AT, FARMES X OERMEL L 0 it L7-RNA %
HUE LTCDNAGRABI o7, ThbL, RNAS .41
(200 g/ml) 24 ) TFAFLF IV T T 4w~ [Oligo
dT)* ™ Primer, Gibco) 100 ;2 1/mg % 2.5 . 1Mz, 68°CT15
TMEM S, 4CETHEHLA. Fl 585 1045 RTEH
# (50mM Tris-HCI (Sigma, St. Louis, USA) (pH8.3), 40mM i
ftr)wn, smM#ELTZ7 237 4) 2,1, 0.5mM 74 3
URXZ LFF FZ) vBidpl, 2250 g/mly Y ILET VT
3 (bovine serum albumin, BSA) 0.2 21, ImM ¥ F %+ R L {
M=) (dithiothreitol, DTT) 141, RNASMREREERT
(RNasin, Promega, Madison, USA) 20 B (0.2 nD, S5

&£ % TS mRNA D% & 195

TRE B2 3 (avian myeloblastosis virus reverse transcriptase, Life
Sciences Inc., St. Petersburg, USA) 8 Hi67.(0.2 N2 Z, Wi
HHARTHREI25 18 L, 42CTE0AMEIE S ¢ cDNA% &
W a7, 95T, 5ARTHIREREEIIFTSE-.
4. BENPCRIIE

ST DNAL o HZH L CBRRERI L 723 2T 1 & — (TSH32
BRI, B-T 7T E3EHP) 2541928 10X PCREIE
R (100mM Tris — HCI (pHS8.8), 500mM 1 LH V) ¥ 4,
15mMIEfE~ 27227 A, 1% MY b X-100) 51,1, dATP,
dGTP, dCTP, dTTP# 8nmol, Taq DNAR' x 5 — ¥ 1 HAL
(WIThb=w R o J—2) BLUY, 754 <—TS04, TS7#%
20pmol $7OMZ, WHATMIZTE40 p1& Lz, HIEEHC
7o I F 7 WA A (Sigma) 25 4 1% EE L, Program Temp.
Control System PC — 800 (7 A7 v 7, #h) #MHEL T,
94°C 3B OMNELDHE, 94°C 40MOBE, 56T 14
o7 =—1r7, 72C 13HODNAFHEREGE 14 1 7 )V
EL, 30 A 7 VOMIEETT- 72, BEATPCR UGIET #,
%’2{—%@10/11 jL3/11@ﬁ,ﬁ!ﬁifhﬂ'§L (002%71]5571/

— 7=, 0.02%F LT /=N, 50% 7)) ba—
1% P72 OVEEBE ) L) AINZ, 1 g/ml@l?"“/"ﬁi\
TR (v RBrI—=r) &8, 4% T7HIT A7)0
(Agarose X, = v By ¥— ) I CERKEIZIT - 7o, BAIK
BEEIEI -y F2 (7 AV R, B 2fFAL, 100V
EEET CkEIL .

5. DIAIZ X AT ER

BEMWPCRIEICE ZEWIE, WkEIRT V¥ VR WG
& (digital image analyser, DIA) (Fluorlmager, Molecular
Dynamics, California, USA) IZHUY) sA&, W&V 7 b 27
(ImageQuanNT, Molecular Dynamics) {Z& ) = F I A 70~
4 FIZTHREEEL NN FOEDD D50 L L, @
MERT T/ Thbb, Xy s 75y FCHIELLZI YR
TAY—OEEEFNFIINIS L HWEETFOMEO %
Mz, a>RF 4y —DBEMEIIL Y NN T 7270
vy hL, ARF 4=y =5y COBEDI AL {
aYNFy—oEe, HWEZTO&EE L. TS mRNA,
2-7 7 F mRNAZ ZFNREg R L, TS mRNA ®IETS
mRNA/ 2-7 7 F > mRNAJL QVFTS/7 77 20k) L LC#L
7.

V. *H-FAUMP o %4

1. §HAEA SO F 2V 2 L% % (thymidine
kinase, TK) & i %5

i [ANE 2g 12 TK R4 0T d (0.25M 4%, 50mM Yifk—~
7'+ L, 1mM DTT, 50mM Tris-HCI (pH 8.0)) % I 2 #1 I/F
% L, 40,000rpm, 60 7ML HEL 72, 2o kil & Laf
R CIBREM £, 12,000rpm, 204-FLE.-CEE L, Rl
T TKEH & L7z,

2. BEZBUSIZ & B H-FAUMP D A= 1, & 43k

‘H-FdUrd (17.9Ci/mmol, 1mCi/ml, NEN, %) 500« Ci%
O—%1) =XKL — & — (2 TRLEEZR L, TKAWNTFE®R
(0. 1M b~ 7 & ¥ 7 4 % & 0.5M Tris-HCl (pH 8.0) &,
100mM ATP#E#, 120mM e-7"") 10— LVEEREEO L 1 :
TRAT) 02ml% AWM L7z, SR EFERO TKIEHE0.8ml
A ITCTIMBEISSE. FO%ELKIm], 20% ~)
7 1 a kR (trichloroacetic acid, TCA) 0.5ml % /il 2 3000rpm,
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Competitor
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(245bp)

Fig2. Photograph of ethidium bromide-stained gel of competitive PCR product. (A) Quantification of TS mRNA by competitive PCR.
Size markers { ¢ X174DNA/Hae Il) are shown in lane 1. The positive control is shown in lane 2. The amount of competitor was 1434 X
10 “® pmol (lane 3), 717 X 10”° pmol (lane 4), 358.5 X 10 * pmol (lane 5), 179.3 X 10 * pmol (lane 6), 89.6 X 10~ ° pmol (lane 7), 44.8 X
10 °* pmol (lane 8), 22.4 X 10~° pmol (lane 9), 11.2 X 10 * pmol (lane 10). (B) Quantification of 2-actin mRNA by competitive PCR. Size
markers ( ¢ X174DNA/Hae Il) are shown in lane 1. The positive control is shown in lane 2. The amount of competitor was 4145.3 X 107
pmol (lane 3), 1381.8 X 10"° pmol (lane 4), 460.6 X 10~* pmol (lane 5), 153.5 X 10 " pmol (lane 6), 51.2 X 10 “5 pmol (lane 7), 17.1 X 107®

pmol (lane 8), 5.7 X 10 * pmol (lane 9), 1.9 X 10" ° pmol (lane 10).

—_
o
1

/

Signal intensity ratio of
target and competitor
{

0.1 T | )
1 10 100 1000
Amount of competitor (pmol)

Fig3. The method of the quantitative determination of TS
mRNA by competitive PCR. The signal intensities of
competitive PCR product stained by ethidium bromide were
measured using a digital image analyser (Fluorlmager). The
ratio of the amplified target to the amplified competitor were
plotted against the amount of the competitor used for the
assay. The equivalent of titration is shown as an arrow.

104 M8 i L BiE L2 TCARREHI (17.7% MYt 7 F 7 3
YhREDL 1, 22byronbh)7unry LER) 2~3mlE
% 104 M4E%E L, 3000rpm, 55 HLE LML 7. 2o kiE
el —A7L—bt Merck, 75770k, H)IZAKY
b UIMERRR . IMIE(RY F 7 A (12 1) TR L FAUMP
WEE LD 02MIEEET >~ F =Y 4 (pH 5.0) 2ml % Hi X 4
W, *H-FdUMP %1%7-.

V. TSERE0RTE

TSEHEOHE X Spears 5% D fjifEorz. Thbb,
Fa R AR T B B 40485 300 ~ 500mg % 4 15 8 0> TS H M8 AR 18k
(02M 2-AN# 7 b % /—), 15mM CMP, 100mM 7 1l
F U L) THBREE L, 40,000rpm T 60 45 [ L4 BETR,
FOLEYBEBRE LS. COBESRHO.ImLIZBERA
(0.6MREEKET ¥ E=v 4 @EH 80, 02MAVA S Ly /)
-, 0.IM7 v4tF R VU 74, 15mM CMP) 0.1ml, °H-
FAUMP 0.1ml, # K F&®WB (2mM 7 b 7 & F o HEEE

(tetrahydrofolate, FH,), 16mM 7 A3V ¥ iR, 9mMRNL
<1 >, 15mM CMP, 20mM A VL # 7+ ¥/ — )b, 100mM
7 y{bF P U v L, 2% BSA, 50mMEEEE ) v AREE H
7.4) ) 0.05ml & NEXINZ R L, 30°C T 2045 B KUS & £ TS,
‘HFIUMP, CHFH,OZHREERERR S ORISR
10 % TCA 0.35ml % fi 2 S & g1k S s 08 L, S 612t
W% 5% TCA 1ml T2 EE - &0 L7z, S0HE L 7o ibiic i
0.5ml %Mz, &EEENATMIIARACS-TIY Y FL—5—
(7Y vb - T8y, B 0mlEMR L v FlL—var
H ey — (78 ALSC1000, 7O, HF) I THEENEE
HWEL, Si#lgdhOTSEXER L. HAMRBKS
WTIE 1 X 107HIBE & 72 ) 1ml 0 TS FRRE #8 8 iC CHRIRE
LEERRZE. BRRE L BRICIER TV, BRERT
DOUNBHAEL-YOTSEZERE L. BEFERPOREN
BlNAASy FTa54>7 v+E4F v F (Bio-Rad,
Richmond, USA) % H\WTilllsE L 720

V. #rEtse

WAL T R CEE S R TR L7z, Mo P
DEOKEIZIE, Student DHREFR MV, LHEOFLHOE
OBEIIE —TEECE BTk D, Scheffe O F i % 1V,
[l 5 % R OB A THEREG Y & Le. £72, HIMOAE
O }5E L Pearson D BRI sRDIT - /2.

TR, KR O R ORI LRI B
KIGHEHE B 12T o 72,

[. BAWPCRZEICKLZTS mRNADTEE

1. BEMPCRE:E DIAIZ L A ER

MEBEOTS T v 7 4 ¥ —%{EF L, EBRICEAIPCRIC
LA EYOBRIKB EIT o7z (M28). BRKGOMKR, 120
F 2. — 7367 23 DTS mRNA & 3333t HTS 3 ¥~
F 4T —DFNENRON Y FAREEN, BREFRLALT
RFA4F =T, TFIyLTOIL Pk o THRBLENY
NOMEEZORE—HLRBICRE L. —F, y—r v
L7 %TS mRNAD /Y FOMBE ISR L, W
DNy FOBENE L B BTST v R_F 14§ — D RIGHIRH
AR THTETh o7, WPERERLY, TSI VAT
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15 —DEIF/2EFET O TEREMRRT 1434 X 107° pmol #* 5
11.2 X 107 pmol DHFFHIZFRE L 7. /23K A2 TS mRNAD &
RIOZF P OANTBEEII U RF 17— DBOFHEW 2 LE
L, BESEAMNPCRIELIT-2. B-T 7 F OEEHPCRIE
& A EWMOEFIKE S RABFOKENE LN (E2B). 3-7
gFraYNRTA I —DEIZL/3HFETOTERBEAHMT41453 X
107* pmol 2* & 1.9 X 10 ° pmol D P 125 5E L 7-.
BRIKENE T %, DIAICELD AAABBMEIT Y 7 by 2 7i2 &
RN R T2, EBEEH Y7 h 92 TI2E ) FREFRDINY
FomETBMELL, Ny 27Ty FOMETHIEL 2%, W
HHT T T O E 2 RT Y —DIREEFNFNIIKIE L
FEHMEETOBEOL, Bz RTF 45 —DRE L5
Joy L7z (K3)., 72w bLASEIZIZIZEREIZMEL

g0, A
600-
400

200+

Determination of TS mRNA
by competitive PCR (pmol)

0 T

T T T T T T 1
200 400 600 800

TS cDNA (pmol)

Twiz.

2. BiAMPCRIEIZ X % TS mRNA E & 0 IFRgl:

BEAIE O & T TS cDNA (702.25 pmol) & F\WT, FHzL, 2
AR, 4ERM, SHARIIH L CEBAWPCREIZLAEE
BT o7 MEDREFITIZIZEEME & —F L7z (M44). BLin
EOL PTS cDNAIZH L, PCROY A 7 V2 EELTH+N
ZTNHEHPCRIEIZ L DM R E AT o7z, 2554 7, 30
A 7N, 354 7N, 404 2 NVERR oA 7 VEUC
BOTHIRZHE—DERERTH o7 (M4B).

L. $ECHREKICE DTS/ 7 7 F L & TSERE DR

HEACHAIE R 9 MK L2 3513 5 TS mRNA & 14354 + 240 X 10°°
pmol/mg4RNA, -7 7%~ mRNA®E (X258 +78 X 10"

pmol/mg & RNA, TS/7 7 F ¥ Hix1.37+0.69X 10 *Th-

800 B
< = " O~,_,_O_————O———O
Z 9 1
x £
g £ 600+
=& |
5 &
§ £ 4001
S B
E E
E 8 200+
gz
0 T T T 1
25 30 35 40

PCR cycle

Fig4.  Study of the accuracy of quantification by competitive PCR. (A) Relationship between the amount of TS ¢DNA (705, 352, 176, 88
pmol) and the determination by competitive PCR. The expressed line is the liner regression line (r = 0.99, p < 0.01) formed from the data
points between TS cDNA and its quantification by competitive PCR. (B) The TS ¢cDNA (705 pmol) was quantified by competitive PCR
with difference of PCR cycle (25, 30, 35 and 40 cycle). The amounts of TS cDNA by different competitive PCR cycle were nearly identical

in all PCR cycles.
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Figh.  Relationship between TS protein level and TS mRNA/
f#-actin mRNA ratio in cell lines. The liner regression line
formed from the data points is shown in TS protein level
versus TS mRNA/ 4 -actin mRNA ratio (r = 0.85, p < 0.01).
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Fig6. Relationship between TS protein level and the TS
mRNA/ 3 -actin mRNA ratio in surgical specimens of
colorectal and gastric cancers and peritoneal dissemination.
The liner regression line formed from the data points is shown
in TS protein level versus TS mRNA/ g -actin mRNA ratio (r =
0.57, p< 0.01).
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7. F-TSEEE130.72 £0.73 pmol/mg HETH o 72 N
MBI BIFATS/ 7 2 F v L ETSHEEAR L OMICIEHER
FOMBEAA S 7z (r=0.85, p<0.01) (K5).
I. EHBRECBIBITS/TIF e TSERR DR
FHRESIHIZ BT 2 TS mRNAEX31.8+54.7X10 °

pmol/mg 4 RNA, 3-7 7 F » mRNA 3209+ 230X 10"
pmol/mg 4 RNA, TS/7 7 F » 3163+ 157X 10 *THh»
7o, TSEMEIZ2.18+1.73 pmol/gHBERE TH - 2. Tk
KIZBTLTS/ 77 F L ETSEHRLOMICEEELRLED
M A 6 7z (r =057, p<0.01) (6).
V. aiSas s FMRIEICB 2 TS/ 7 7 F 2 ok
HRTAEREE BT ATS/ T 7 F Vif1.24 £ 0.80 X 10 2T

37 Horz. A—ERICBT BFMREDOTS/7 7 F & ikl
25 . BITBIBTS/7 7 F ¥ KOOI R EOHMEA AL
<< (r=0.94, p<0.01) (7).
22 ] o V. BRRRE A
£ . S 1551, A5 FII oV TS, TR, A
85 o L NEER A, MBI ) S ERORE, TR
@ @ RO, MEEEIICOW TR L7, TS/T 7521
g ?3;, 1] EHER, BRERRN, MR O SEEBOARE, MEEN)
né % JEREORENTIAEERELRO Ldo 7207, #ENIK
2% % o HEROBEN TR IR v, vEFIH L TFEICHEE
o i . . . FL72(p<0.05). F7-HLEEIIR IR AT R LT & 1t
0 1 2 3

TS mRNA/ B -actin mRNA ratio
of biopsy specimen(X10-2)

Fig7. Relationship between TS mRNA/ 3-actin mRNA ratio
in surgical specimens and the TS mRNA/ 3 -actin mRNA ratio
in biopsy specimens of colorectal cancer. The liner regression
line formed from the data points is shown in TS mRNA/ 3-
actin mRNA ratio in surgical specimens versus TS mRNA/ 3-

BLCHBICEWTS/T 7 F »IbE R LA (p<0.05). TSHH
BIVER, WREEHY, MMk Vo SEEB O, AMENY
VVERIEORER, MEENRERBOREN CIIAERE
OB o7, —F7, BT CI RS L RATE LR
LTHBIEVTSEARZ /KL (E<0.01), HoElle kil
TLHEBEIIEHMBTH o7 (p<0.05). MBEWHIZTS/7 7+~
WETSEHBEL AL L, WTRLESEITREMEE, WY
LB TEAVMEZR L, ZHOBICEIRVELMEA GO Rl

actin mRNA ratio in biopsy specimens (r = 0.94, p < 0.01).
(&2).

Table 2. Relationship of TS mRNA/ 2 -actin mRNA ratio, TS protein level and clinicopathologic factors

. R Number of TS mRNA/ 3 -actin mRNA ratio TS protein level
« ass fics el 1 o _ |
Variable Classification cases (X £SD, X103 (X £SD, pmol/g - tissue)
Sex Male 30 1.57+£1.67 2.18+1.73
Female 20 1.59+1.39 2.01=1.63
Sample Stomach 15 2134218 2.68+2.12
Colon 35 1.41£1.23 2.02+1.51
n* (—) 18 1.51£1.12 244+ 1.67
(+) 32 1.69%1.81 2.094+1.77
ly? 0 26 1.70£0.33 2.22+1.77
1 13 1554043 2.67+1.90
2 5 1.00£0.45 1.81%£0.63
3 6 1.85+0.76 1.59+£1.83
Ve 0 40 1.56+1.32 225%1.74
1 4 1.19+1.07 1.20:£0.81
2 3 0.4510.26 :] o | FE ok 1.27+£0.26
3 3 424+3.62 4.06+£2.04
Histology® tubl 22 1.01£0.79 — 171091 ———
tub2 18 2.00+£2.08 ok 2.161+:1.98 :] o |
por 8 273x1.41 ——— 3.95£2.02
a) n, histological metastasis of lymph node. —, without metastasis; -+, with metastasis.
b) ly, histological lymphoid invasion. 0, without invasion; 1, with slight invasion; 2, with moderate invasion; 3, with severe
invasion.
¢) v, histological vascular invasion. 0, without invasion; 1, with slight invasion; 2, with moderate invasion; 3, with severe
invasion.
d) tubl, well differentiated adenocarcinoma; tub2, moderately differentiated adenocarcinoma; por, poorly differentiated
adenocarcinoma.

* p<0.01, ** p<0.05, *** p=0,07 by Scheffe's F test.
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BYPHFICAESN L HLEREREOMES - KL, W
EBHRORARR, OVWTIXZOBBRENORLEEZ L5 Lk,
Lrl, BEETRLBERENOTRIIRILIARTHS. /-
BHTRIZB VTS 20~ 30 % DEFNCERIP IZB/ANER T
BHLERESNTWAE®, Lzd > T, NEMIROATIRIE
FORET E WL RSO BEBEREOM EIZIE, b
FHEORMENFEELBREEEI EEZONE. BEOBLERE
EOREY, BERDIROALSTEGRL I )T 1 7
FATNUEZTEIZTALIAIIHE., #0202, HHE
KO&H % L TR R 2 OHIEEM R 8L RITTHIRA
BEFEEL/EFREORBAE N2 SR TwA, 5FU
i, EEEE T R LITECEBRICAEVWS N TEL, L2L, &
FEETHMIZL LA A, UH & OHETL R REEDEL R
Ehdpol. FOLPT, WEMBAOTEFY) Vv —8
B TS EH DO FED 5-FUIK T B IR Z I 22250 Z L A8
wEEN®, SFUD T B ERABRIITSHEIZH 2 Z L Y4A
CEDENDBIZE -7, [, BEEHEMN 08 I B E g
YH®H DL ENE-FUDHEE R RBEMIIBR T2 LBk S
nO® FNEEMNITDE L) ISKRBEIIA T B ALK R
(leucovorin, LV) & 5-FUMDPEHEEOFBESRE S TW
5%, —F, YA T 7F v (cisdichlorodiammineplatinum (II),
CDDP) & 5-FU DB AHEAHETT - BRIHLEE ICE Rk
FRTZEDHBLTWA®, Scanlon 5 * 13 B 2EMNE % B v
2 EET, CODPOFEAL T CITMEAIEIZBIT A AF = DhE
Bk A HE S, 20 MM TFH AR &N S & @l
L7, FH,iZ CHLFH, O RiBE(ACTH Y, CDDP & 5-FU DHHED
RIGCDDPIZ & B BICEIEMLIRFE L A ERICHR L T 5B L
MEnb, FERShirasaka 5 1%, HES v P T HW/-EEBRT
CDDP#H 512 & % FEBMARNR TR EMRIERE O LR L, Fhic
) SFUNHEE S REmEHmE L T 5. F72, BRI
BT v M EHWVZERT, CDDPB &L U LVIRSKOEEH
BRI ERBOLIL L AREFMIZBIE L, 5-FU L+ 51
OCDDPI, Hazr KEL TR TRETHDH LRI,
COERIESEY, BELCOBRTTODR TV KERE
CDDP -+ 5-FUBEDHEME RIZA > Twd., 2D LI,
EEMRNORTREREE T FH S TS a0 REE=Z
REBROTREZEO 2 RME, BIRMIZOHRELEHITo0d
2R DY, MNBETH L TSOMTENTHORIEBT
ENEHBERTH S, TSEARILE L BEEMEEZLICES
Loaizid, LhEkEogtlEg LB L FEERL,S
Thad., Tzl b3, BEOMIEE L L 2 WO 5-FU
BETE, TSEHEAD LAMIITLI L4 #ELE. ZA
bOZ Exs, BHEAMADTSBEXEII5FU LT %R
DERCAEWEOHRUEIZHHLERTHEEELHN
5. Larl, OB BRERENES L RWHTRTCORTES % &
T, kDONA 74 VT v A TISEARTHET S
CLRATRECH o7z, LiztSoT, ARSI & OBE M
POTSELE® 5 LGS FEORTAZ TR TV,

B, PCREOUHHRIZL VBREFIFIAEICERL, TS
BETREZOLDEMET LI DB Lo, 3k,
I=HrTmy MESEA RHBORETFRERELNET A2
DOFHEL LTHVLRTER, LoLEdS, ZOHERE

Wb D% K OMRNARDHHAFULETH 2. WIEEREEIC
£ 5 cDNAGHKIE & A A bE/ZRT-PCRIEL, / —¥ 27
Oy MER SN TIRANCERETH), TOFEICLY
ZhE THRIIAHEETSH o 72 B OB HIIEF O mRNA O
HDSTTREL B o 7299, X542, ZOFEEEHAL7ZmRNAD
EREL LT, WEMEEYE LAV HE® LHEARPCREY
HPA%E & N7z, Horikoshi 5% 1%, TS mRNA%# FET 57012
NEEEE L LT3 20707 Y EBAWTH A IZRT-
PCREIE#ERL, F4ORABTHETLZZL10k-T, &
#HH % TS mRNADRBEZWE L2, S512, HLREILS
WTALEFERT O MESE M TS mRNA 8 & 5-FURS 1 & D %
RL7:. RI-PCRERHW/mRNADZEE®1TH L CORES
&, mRNADIHAESL L HEEERERIEOIE, PCRTH
WIEHRDE, PCRTHT T b —HEDENTH L. 4,
FHERE LTR-77F > mRNAZ NEEEREL L, 152
— 7 TTS mRNA & [FIICHIR S, MELLRTAI L
L) TS mRNADER R4, LI L, RKHEORERED S
Lk E IS, 3-7T7F > mRNAEIZH L TTS mRNAE 348
OTHERTHL. 020, WENFTT F—IELTEW
PCRH 1 7 VB Y OSMBRESBO CHETH ), §XTO
MACHETRELR LT RETHIEERTETH-72. T2
J—=Hr 7y METEHTSEIETOREISBO THEOES,
M SN VERIAV DA SN, BEWPCRIETIZR
Mz Yy RF 45— FERT B L) REDPREL B, —
BEER T IS ARARICE BB L CHHTREETH 5,
EHZ, BBERL oV RF 4 4 —2FHTBLIEIZED,
7T P —MROEELTZTT, LHEMOMRNAZ ERRETH
BrEZOLNDL, EBPCRY A 7 VEZELLEETLEHEAN
PCREDERBHRIENEI B h o7 —F, B Liarry
18 —ORERFIVEIBEFERECRLIHE, MADHE
IBNREPRLEZEENSH Y, 77— IET 2RO BN
BIROW; & CHN 21T ) LBMFSH B LI HELALNSEY,
Diviacco % * 1%, PCRIIE% FIH L 7= 8 7 n i 30t 00 DNA AT
BASNLZI O RF 1 ¥ —OFEKEE, Celis® 1, FHEIC
PCREUBZFIH L7, niEfdRILELIzar_F 1 ¥ —DfREIK
HBEEFNEFNLFR L., Zhoofdicih, OmdisFels
IEFA—DEERE b 2T T 1 5 — OERYVTIEETSH Y,
BRSO ML XN B, KIFETIE, Celin®™ 0f
HIZHELTarRF 1y =% B L7 LaL, 2OarX7
1 % —13DNATH ), RNA DR iz B % UG O
EOMMBITERE LS. L7222 T, EELZmRNAOERE
AT oD AHBIRNA TR T4, Hbid3-7
g F i EONEBEEY oW TIHAE I A PCRIE &
NEEEITY, HBmRNAIZOWTITo k5 L b5 &
MLEE LD, KR TIIHRELRINL, NHEEYEL LT
B-TOFrDAY_T 45 —%TSEEREFHTERL, &

Eibhb,
NPOBEESHPCREIZBIIAERBIZEKB LD Y — 4 v t
YRETYRTF 4T =N FOBENFR—E BB L - EYHE
LTirbhTwiz? LeL, WIRKC L 2HEREEECRT
BMELKEV., TOLD, NYFOBEEOHLBICRIZHA W
EEMMTbI, BEDIVBEHR DL Zo? KR TIE,
BRKEZOEDRHEEOUEICDIAZMERE L. 20oER
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ik, BENICEIN TRy T4 YTy — o DRELER

PRERECFAIATTELRALIETHD., BhRIIMTHL
7m0, 2RED T+ brAv T4y FREBIZLY, BT (T
R V) D20 EOERE, ERLTHEELLTW. Zh
&Y, fERIERIZAVTRERLDTTRTH-EHRETEH
WL ERENTREE oz, &6, BHENEFILLELA
BREGIC DAL N KT, IV Ea— Y —DREFEL
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5. DIAZMEE L 8ESHPCRIE & AT, 13IZ&H
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Bl —E0BEBRPELN. FOK, BREETLIRT
A —BERNE L RDIE, Thbh, ¥y b/arn
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TS/ TV F HETSEORELOMMBIZZLDIELDENALN
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Abstract

Thymidylate synthase (TS) is the target enzyme of fluoropyrimidines, which is also one of the rate-limiting enzymes for
the de novo synthesis of the prymidine nucleotide. In this study, a quantification method of TS mRNA by competitive PCR
using a digital image analyzer (DIA) was established. Using 9 cultured cell lines, 15 gastric cancer samples, 35 colorectal
cancer samples, and 1 sample of gastric cancer seeding on the peritoneum excised during operation, quantification of TS
mRNA by competitive PCR and measurement of the TS protein level was performed, and the reliability of mRNA
quantification using tissue samples obtained by biopsy and its clinical importance were evaluated. As a control, j -actin
mRNA was quantified. The amount of TS mRNA was expressed as the TS mRNA/ 3 -actin mRNA ratio (TS/actin ratio).
There was a significant correlation between the TS/actin ratio and TS protein level in the 9 cell lines (r=0.85, p < 0.01). Inthe
51 samples collected during operations, the mean TS/actin ratio was 1.63 = 1.57 X 107?, and the mean TS protein level was
2.18 & 1.73 pmol/g - tissue, showing a significant correlation between the mean TS/actin ratio and TS protein level (r=0.57,
p < 0.01). There was a close correlation between the TS/actin ratios obtained by preoperative biopsy and those of the samples
collected from the same patient during operation (r=0.94, p < 0.01). The TS/actin ratio was significantly higher in v; than in
vo and v, according to the classification of histological invasion of vessels (p < 0.05). The TS/actin ratio in the low-
differentiated tissues was significantly higher than that in the high-differentiated tissues (p < 0.05). These results suggest that
competitive PCR in tissues obtained by biopsy is a useful method for evaluation of the production of TS protein, and that the
measurement of TS mRNA is a potential preoperative predictor of the histology of vessels in human gastrointestinal cancer
tissues.




