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B S ABERIEFIERY S T AL

B AAL2 4ZEWW! CHU BEdward® A#kFpL3*

(FEBFEREERRTLREFEEYFESLRE, H5266071;
2 ERE B A R, bR 100039; 3HRE KEEZRESS525E% R, New Haven CT 06520)

HE JA 4844 A B (thymidylate synthase, TS) 24 #4k N HEALK FBRE AR PT &4 F 48,
%k — HAEARIBALT 09 E 2 FeBh, 3 TS ARBEMB AT EN: ARY . #£X. 8
i ARRAL T TS RAMAE. AR EY: TSTEH f & 49 mRNA 467 & TS-mRNA
£ 454, 1% mRNA &% %M, 5- AR (5-fluorouracil, 5-FU)FHRAKMAEMHTE TS THLE,
BAEHASH TS TSmMRNAKR, FEKRA TS hREAZ, RIFBEIRTERARNETR
SFMEZ—, A TS £B AL REMAREE. #FRAEERGHZ LG TFIHHATEREA,

P30

0EF R & B — R BRI MR, e P4
FER W R, T EL 62 kDa. RefELED A
W 2'- RESRE -5'- — R (2'-deoxyuridine-5'-
monophosphate, dUMP) F Z:ALTE A% 2'- Bt UM -5
— R (2'-deoxythymidine-5'-monophosphate,
dTMP)WV , J& # 3 — 35 70 40 M P ARh B S i 6 =
BBR(ATTP), dTTP 34 DNA & T AT 44
o 7ENRBBETA A0 MR TS vE MR DNA &
RZRE, SIEMMIET, ZERTS —HEMEK
TR EE A . PR TS EFEREFELS],
A BT RN T BT AP ENLE], ik
M TS HIF R AR AR BB, AREH R
FRRIZ5 4T TRt . AR TS TEERY 1. #
F. BIEARFESLANER EHFEAR K REE
WL, BATRTH TAEELHESER AR TS &
HEEH—NMREZERHLSH .

1 EEYE

F R 2 DAL R 2k 8 n R R AERIALED,  AE
SMAR B ERRETHE AR T TS EF B 15
%049, XEFTHKERTR S, BURIEER
B TS BE MR 8 B 5K T B0 Fr 8 40 T 58 O
ZD1694(raltitrexed, Tomudex)Z5 TS 7 i U
B, (BNFEFEY HIE R 5 IR R P2 B R R K
BEIFIERIEA . Gorlick &6 % B4 45 e i
BAFTEBREAT R TS HRES HIEFPUEAK T
B3 ANMETNE X, (HIX—F HKPERZMEE
5 5- FURMERE (5-FU) B 6T B BB FEA R 30
B, FTUAREULEE TS R S5 AV RNER

BiH e & e BERIEE: 2T Sk

FI M. Wang 260 I 3¢ % JR A7 2 32 (fluorescence
in situ hybridization, FISH)7#7, &I 31 4 5-FU
WIT G R BEFEART, H23% KET TS
HEEY WY, 58 MKRMAS-FUMHEAKREY 1B,
BERA TS HRY HEBRHR A BFE1FE R E)(329
R BE T RREYT HAPEAQ021 K). FHAEE
WA TS ZEEY 2 ANEXTHIT 259 5-FU P4tk
f—FHLE, XS5 SCERI7I IR RS R — B

2 BHRIFE

TS BIEWHHIWIPARTEETAESHME
FAYEEMLNSES . KIEAMME, TS BE
MR, TI7E40MIGTERT B, TS Rikm® . X
155 BA 7F A K TR o 40 e R B FE R, TS RIBFFHE
BRKFE L.

H AR T BAA TS EEEHEFKFREE TS
FHiEFLEXBRRATCHE, RAXBETAE
TATAAE, MEEEEHGC X1, NRTS &
H s Lir-119 & 75 % TS RIEEF REEH,
ANTS K 5 _Ei#EA SP1 FFI(GAGGCGGA), 1M
SP1 i L3554 CACCC fAEFY, HEERRAE
BEf TS BB B F T I R IE MK 65%, A TS
B FiEHT bR RIF.

ERILT LR TS KIS IR A B EENLG S
F. BFET E2F, HILHERXFIIHIANLEE T
HREE . R ERERE. S RICIREEMN

R E#E: 2004-09-21 #ESZH#: 2004-12-07

&K B AR & V)T H (No.30472043)
*SEiREE . Tel: 0532-2898916, E-mail: linxiukun@yahoo.com
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DNA REH o 5 LML FH S B R A R IA
LREE/ER, XFE2F FH T RIS RS L&, K
7EN TS 19 S B oh g —ANMEXT 55 7751, A
FPAN E2F £ 53 B €2 AAF SR B F i vE a8 -0
PR R RE A 0 AT R I, E2F-1 40 N\ 45 i 4 B v
W B RIS AT 15 2 =K TS mRNAUT, i HY
E2F-1 7 TS 1L B —%EfEM . BT E2F, LSF
BN TE RN TS 28 S IRk s rh by i
TEEMEU , LSF &AM AUEM T TS ZEHM
FFRMAETITH, — M504 Ets M1SP1 457
NFHZLEsFRES, LML THRST1IRS
AR AL E B F X L3 (-160/ —142) . Powell 75012
MEL R LSF 45607 s R AZRE1F TS mRNA G,-S #f
P FZENE, ERIM—AEHRIE LSF M£
15, HeBHIE G,-S BB TS /KFhn, FSEKEREF
RAMAABEAET. Hf, LSFZ&#idifis s &
BR] 4 2% A Sk S i 4l A JE  S HARO3EAE

TS ZEF 5" L& xt S HIRE R EEKTF,
AUG BIFEILF T THI S BEE et dik bt
BB, Ke BTN TS mRNA )22k i 2 BE 75
TS EFWEEF, WFENEFFF, IR TS i
FHINET 1. 2. 5806 #4855 HH 575 TS
FERPRE . MR TEEAAHEA NS T
B TS BRIZFIA TR FE /N 3T6 4, AR BRI
WE TR SERPIE:, JLTBTE I B £ W
BRRRIRE B, E S PHEATS ERLL
PiEEm, BMESRET S HHRIERIEEES . HH
RNETHET A, MARNE FIFHIXT S #
IR AR A B, IXLEE B S /N TS 11
RIXFES LIFIRF X S5 F /A& FHHENL 28
IR B RIER . BNEATITTA S F it
1 1 SZARBH AL SAE WA TS R F AR,

3 EhFiEE

B ATE — B TS 7E mRNA 7K A2 (1) &4
T, BEBRPREMRKENRD. Belfort FEU43R H
T TS B AR etk . Takeishi 2509857 A TS
cDNA 738, KIS JEBiFIX (5'-untranslated
region, 5S'UTR)fF1E 1~3 NEEFFHIN L S %,
X TS mRNA ) Z R &M iEH, LREEFS
R TE RN 54 . Kawakami S5USHESE IR EH 5
FIHIE H R AT R 4B Y TS HikKF, BA3A
HEFHIH TS mRNA FIEIENRLH 2 M EHITY)
B 3~4 5, HIEALRN TS BEEOREHE ZEH
w2 AR R R ILE B R 5 N B A
KW G MA TS FikKFHIH BT, ]

ARIX e BT A AT el I S 0 iy oAt B B
R F /R R R0 % KT LA TS ERERIE.
NS A RIGIR B FUESE, FUERE. MR
KEMIE el 518 TS & A FK T /)5 E F
w8 RN TS AWM A EALE, AMRE T
FILPh AT gt : HsoK-FHm. TS mRNA faE
fiin. TS mRNA BIPRRUREE S & TS A i E
i, X IR JURR AT BEHLHIAATREAT TIRABFR .
Keyomarsi %1900 ZD 1694 4b ¥ A F AR % 40 iy
MCF-7, AXILTS /K30 10~40 1%, M mRNA 7K
YA, F 5-FU &3S 3@ 40 B H630 B, 5]
TS AL EIN 5~6 %, Northern 2438 SE4
UESE, TS mRNA M7K-FAEAE AT FEARRCR , XLk
W90 45 SR 3R B TS 2L K I8 T 51 /2 mRNA B F 2R 12
AR, RS ENAENRRZ —.
BATRATR T HIT D)5 1R R 2 FHL
i, RMEEFAEEELHT, TSEATSESK

mRNA %4, R TS-mRNA 44, 1§ TS mRNA
FIFHEZ 2 F0%], BIAMAE P TS KIS BB A

HIELRE, 5-FU SHARB AT 5 TS EASE, 1f
TS WIBE &2 B9, (HEHA TS £H -5-FU %
HEYARS TS mRNA A, F LR iR
BUEIRE R, TliRMMA TS mRNA BIRsRIES,
MM S AMN TS AR, s =4
PUATE(E D22, BATEE T TS mRNA 47 _Efig
L TS & WFANMLS . — N2 mRNA 40 F 5' 38,
TEIGFN AUG B 30 ZFBRTF, AT Ak E 1
HEREEH), FRAZFERR Wi B X — X TS 5
RNA W45 FEE, MESESHEMIFFRN
¥ AF# 575 GCCAUG %f RNA BJIRHI & e EER,
Fi—A M TS 4afigIX 434~634 [X ] ] 200 MEEBR R
F, BWATCMASMF . WG R PSR AN X —
JPHI#AT T — SR, RIMEATFIEEMT
TS mRNA 480~550 ] 70 MZEBRFF, LAHRIENT
f%. RT-PCR HAM & %55 TS EALEABAK
HMEAER, KETHS TS EARRENES, ®
FRNA- EERE AU . AT E TS EE LS

AUG

TSmRNA S—2 UAG 3

480 550 152
/ \'\ © dUMP, FdUMP
S Gos oim

HUHEE (U ZD1694)

TS #HF1 TS %11
Fe Ak 5 BLELS
;m% TW%

1 TS #iFHiFEERe
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I T Y S5 S A, BRATTR A RNA RSMEREH
A, B RNA FEFIHRE T TS BASEEMNK RNA
JF#%], X— RNA 7 F0l 5 TS kW% B AE
H, B4R TS mRNA 4G REJ1m T3k 20 £524,

W Z IR SE 2R U F AL - i FORAS AT
PLE W& 115 -RNA FIAHEAER . AT R BH
NELE TS B4 A1 T b R AR T JE Uk
24 2- #ik 21 (2-mercaptoethanol, 2-ME) B, it 74
FETEAERY, TS I RNA &&EHEERE: K2,
FEARF) B4 2 TS, <345 RNA 1
gid. NTS EAMMEATEEL 2-ME /772 T B 212
B, UEA TS E—ANEE AR R AL SRR B H
1E RNA &5 WA . AR TARREKS
TS mRNA FIHE/ERH, B TS &EASF LM S5 F
MR BRI B R AR, KIL—FHeami
(Cys180)IRAZ A S TS A5 mRNA M4 & HET)
AR, iR EER R I AW TS &
FI 4 &4 bEee . TS LA RN T RNA 45
AWIHEIAE T, B feLE LT JUMHLEIR K-
() S FESEE S TS mRNA JRIEIEIR C-6 [8] X 1K
Michael FE A () FMEBREER S, &©
AL PEHLEI S RNA 454 Q) EARIIFE
WFEIRES, T TS EARE—cwg, #
iF RNA 4 & .

F#F TS b5 RNA 454 BB XM EERER
IR T LS. Voeller 2520558 T AFIKH
FFE TS AT -4 mRNA 440X, &K
T 614 17-mer £k, LVERER T, KIAE
3FZ BT S TS mRNA 454, XHEHEH B A,
XL RS THEE — MEEARKE. H5TEN
TS A THELL, HE TS mRNA M4AREIEE
A . ENRAFH B ARLEES TS mRNA &R
M2k, FEEER. X FRETHFEER, #
B 1515 RNA 1EF #94: F HLE

EAFET 5 mRNA FIAEAEF 24 MM K E
PIEEHEM. %% T RNASGASEAMMUS®RED D
F L =R o4 8k 25 F W S JofF (iron-responsive
element, IRE)45 &, ®MEE DK, p53 Kk
& M4 J5 B (dihydrofolate reductase, DHFR)BEE
H 41 mRNA 454, 1f mRNA B3R H0H120
NS KA E TS BE 75 TS mRNA AHE/ERRY, ib
Ao 540 By HoAh RNA, 0 p53 mRNA 45609,
{f mRNA BiFZFM. L85 RNA EEMEEDIK
SF, FHEB LK -RNA FIfEFAMEEREERE X

4 EFERIEE

1R ZE 4 R BB IR FHLEITE TS MR A AEE
P BEHEEAEM. Kitchens 258U FI%IE Y
5- 5, -2'- it 45U R M IE (5-fluoro-2'-deoxyuridine, FdUrd)
AoFE NS e 40 HCT-15 24 hJ5, WELHE| TS B
EAWMMT 2~3 /%. RNA BRI REER, TS
mRNA /K- FEA Y B RT 5% B 284k . B[R] mRNA
AR RS E T STFERCRMAR, &T ki
ITT 2R, KRILZAZEAR S i e A 2
st FE AR M AR R — B0, 1589 TS mRNA fIEIE R
AR, HEM TS 7€ HCT-15 4P ik, &
HEEE KPR . T REREEIETS 5%
FRIATREER, BT T EAREETE, K%
FZyW ab#R, TS & ATE HCT-15/200 48 M 1)
FEWR 2.3 h, MM FdUrd 24325 EFTIE 9 £%,
i5 18 h. UiBAH FdUrd &b 5, EAFREMNEZ
TS B A m M EENHZ —.

Welsh 25628137 7 ZD9331 (58 =4S HTHER TS #I
HIFNXT TS RIAWFE WM. A ZD9331 b AW E
A WIL2 24 h )5, TS EAFUKFEZHFFEM
10 f&, fEEBRAPNTRFESF 4 h, 24
I, RIX — 7K P FEKE) 25%, RAXZ—A]
W R . FEKZD9331 12 h i, TS RikMER T
bR AL B4 B2 4 507K, FFELLE 24 h AR
Fx—KF, W TS &/ T —NMEAFEEE

Schmitz 2BV T U R A B 1R 5 d A2 TS
HiEERRET —EEH. AU TETS
mRNA 5' _E 350 o751 & X RNA % H R
(oligoribonucleotide, ORN) X A\ &5 795 4l i PKOHI TS
REEFIEH M. FHKR X ORN 4 PKO 411 6 h
J5, Western Z¥A8 578 TS 7K F&{K T 60%, Northern
235 iR TS mRNA /KPR &k XAFE 0,
R XA EEAFCEEROR AR, HHSEE
HHTEN S T & X ORN FIfEH . {Hi% TS EAH
d A, R X ORN A6 h, TS/KFEEZR
R T B 20%~25%, UiHA R X orF%F TS E AT E N

VYA EZRE . TS &—F RNASG&ER, 7
PLAK TS B 5 R X ORN A& & 5 TS mRNA 44,
ORN S SHEAFRBRMEAEE. RZ, X
eSO 3 B TS 23k 8B 2 i B3R R /KPR,
A f 2t TS mRNA 341 Kb & TS ARk
il s B R R B EEH .

5 NNEERE
W % TS FiIL M AT HIFREAE, RRURBR
F—FE R HOEEALS], TTRERE S EREKTH
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Molecular Mechanisms Regulating the Expression of Thymidylate Synthase

Song Yan'?, Rong-Li Niu!, Edward Chu?, Xju-Kun Lin"**
(Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
*Graduate School, Chinese Academy of Sciences, Beijing 100039, China;
3Department of Medicine and Pharmacology, Yale University School of Medicine, New Haven CT 06520, USA)

Abstract  Thymidylate synthase (TS), an essential enzyme for catalyzing the biosynthesis of thymidylate, is
a critical therapeutic target in cancer therapy. Previous study indicated that the level of gene amplification, transcription,
translation, and posttranslation were all involved in regulating the expression of TS. Studies have shown that TS was
able to bind to its own mRNA to form TS protein-TS mRNA complex, and this interaction resulted in translational
suppression. When TS is bound by 5-fluorouracil (5-FU) or other antimetabolite, the RNA binding activity of TS is
dramatically decreased. The effect of reduced RNA binding activity is relief of translational repression, a process
that leads to increased synthesis of new TS protein. Thus, this model provides a rational mechanism for the devel-
opment of drug resistance in tumor cells. In this paper, the mechanisms regulating the expression of TS gene were

reviewed, and the ability of TS to function as a translational regulator and the molecular mechanisms of drug
resistance were also presented.

Key words  thymidylate synthase; gene regulation; molecular mechanism; drug resistance
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