
MoLm:cuLAnt PHARMACoLoGY, 6, 251-254

251

Thymidine Kinase as a Determinant of the Response to

5-Fluoro-2’-deoxyurid me in Transplantable

Murine Leukemias
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SUM MARY

The respoumsivenmess to 5-flunon’o-2’-deoxyunidiume oil diffe’rennt tm’antsplammtab!e’ moiunse len-

kemias in rico ��‘as inversely correlated witim tumom’ cell levels of thvmic!iume’ kinase (EC

2.7.1.21). Timis eitzyme translorms time druig to time pimarmacologically active ntucleeotide

5-fluono-2’-deoxyunidylic acid. Howevem’, it also provides an alterumative pathway for cm-
cumventing time drug-itmduced blockade of timymidylate bios�’nmtimesis.

INTROt)ITOTTION

The ltumtitumor ageunt 5-fluom’o-2’-deoxy-

uridirme is a direct- precursor do! 5-flunono-2’-

deoxyuridyhic acid, which is a potemit itt-

hibiton of t-hymidylate syntthetase (1, 2).

Thymidinme kinase (EC 2.7.1.21) has a dill-ti

role itt the pharmao’cology of FUdR,2 serviimg

both toi e’oumvert- the drug to dFUMP (3)

amid to provide a pathway for ciro’umvenmt-iing

the dFUMP blockade of thynmidylat-e bio-

synthesis (4). The first step itt F’I.JdR cat ab-

olism is degradation of f-he compound to 5-

fluorouracil by uridine phosphorylase (EC

This study was stnpporteul by Coomnt rtu’Is NIl!
69-39 annd PH 43-65-61 with the Camucer Chenmno-

therapy Nationual Service Ceunter, Natiomnal Caun-

cer Institute, Nationnal Innstitutes o�f health, amid

Grannt CA 11198-01 froom the Nationntni lunstitutes

of Health.
1 To whom requests fnor rel)rinits shoonnbci i)e scoot,

�it- the Umiiversity of Rochester.
2 The abbreviationus omsed are: FUdI{, 5-flnnoro-

2’-deoxyuridinme; dFUMP, 5-flonoorto-2’-deooxytnri-

dylic acid; FU, 5-flonouroourtocil ; FUMP, 5-flonoron-

unridyhic acid.

2.4.2.3) (5). The 1”U u’atm be o’ommverteol toi

FUMP by seoiuenntial action cof uridinne phos-

phom’ylase anne! uridinie kiumase (EC 2.7. 1 .48)

(6) oim’ by a phosphdonibosylfrbtnmsfen’ase (7).

Pathways for o’conmversieonms cof FUMP too

oIFUMP have unot- yet becut established. A

summary of tramnsfoormatioomns of FU is showum

itt h”ig. 1.

‘fhe pu’eseint stuoly was clesigume! to) ole-

hunch-f e det em’minnanmt s of responosiveness to

l’idR inn time tn’anmsplantt-able niuuriume lcu-

kemias, li-tic! f-ui determinme whio’h role 0)1

t-hymidinne kinia,se �voutld he moist relevanmt-

t-oi FUdR- responsiveimess.

M.-u’I’ERI.-uLs .�xmi MF:TuIoDs

(#{176}hemicals. F’t’dR-2- 14(1 (12 mCi /‘nmntoihe’

lund t-hymidinme-2-m4C (20 mCi ‘mmcmle) were

puro’hased fruin’n Calhicochen’n. U’nnlabeled

F’U li-ltd FUdIt were pn’o�’ided by Hoff-

mhtmmnm-La Hoio’he, binnol dFt’MP i)y l)n’.

Charles Heic!e!berger. Other o’hemio’als ��‘ere

pun’o’hased from o’ommert’ial sources.

,-Iniina-l tounors. Sounrc’es oil’ a-scmtiu’ tumom’
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Ftc;. 1. Pathways of PU and FUdR ronetabolisoon.

tell unto’s imlmve heenm o!eso’ribed (8). All

tunnom’s m�’ene o’am’nied intraperitorneally in

munninue host-s. Survival dat-a w’ere o)bt-a-inmed

by t-reat-meuit of tun’nor-beariimg ammimals,

froinu day 1 to) clay 10 alter t-ransplanmtatioim,

with FUdR (80 mg/kg/day). Survival times

were o’alculat-ed in terms of percentage in-

urea-se mm the life spanm of treated vs. ccoimt.rol

amnin’na-ls.Groups of at least 10 anmimal.s were

used too o’sta-biish survival dat-a fon’ each

tumoon’ linie (Fig. 2).

Preparation o,f cell e.u’t rae/s. I”m’eshly iso-

hit ed tumor cells (9) were sunspended in 1 .5

n’olunumues 0)1 0.25 �r sucrose ccititaiuiing 0.Oo

�i Tris-HC1 buffer (pH 7.6), 5 mM merc’apto-

e’thanol, and 1 m�o EDTA. The suspetnsioons

were rapidly froozenm, thaw’ed in a 100 hat-h,

treateo! briefly with a sonmic oscillator to) clis-

pen’se o’lumps, Into! f-hem o’eumtrmfuged at 100,-

00() X g for 30 nun. The supennmatanmt fluio!

\VIt5 o’ollected annd umsed for sfunclies of emmzyn’ne

levels. Proteiim levels raunged from 7.5 to) 15

nng/nui. 1)ialysis oil the flunid at 40 against

0.05 M Tnis iouffei’ (pH 7.5) o:ontainninmg 5

mM nuen’o’aptoetimannool aumc! I mM EDTA did

mmot chanmge anny result- repom’ted here. The

o’elI o.’xtn’;-i-o’ts eoould he st.cured at -20#{176} for

sevo’m’al weeks w’ithoumt loss of activity,

although repeated fneezinmg amid thaw’ing led

to some inactivation of unidine phosphoryl-

ase.

Measurement of enzyme levels. To measure

levels of t-hymidine kina-se and uridine phos-

phorylase, a modification (10) of Sk#{246}ld’s

procedure (11) was used. Portions of 25

�ul oil f-he cell extracts were diluted with an

equal volume of a mixture contaimming 2 m�i

labeled nucleoside (thymidine�2�t4C or 5-flu-

oro-2’-decoxyuridiuie-2-m4C), 12 m�m ATP, 30

m� potassium phosphate, and 120 m�i Tris-

HC1, f-he two buffers beimmg adjusted to pH

7.5. Aft-er incubatiout for 2, 5, 10, or 20 miii

at 37#{176},5 pl of 0.1 �u acetic acid o’ontaiimimmg

100 m� carrier nucleoside, pynimidine base,

and nucleotide were added, and the mix-

tune w’as heated f-u) 100#{176}for 10 sec. The

preu’ipitat-eol prot-eiut \VhI.S removed by ceim-

trifugafionu, and a i0-,.d aliquot o)f f-he

supennmat-anf fluid was amialyzed by thin-layer

chromatography (10) tco determine the rate

ouf conversioni of the labeled nuo’Ieoside to

the pynimidine base (via uridine phosphoryl-

ase) and to f-he nucleotide (via thym.idine

kinase). The observed rat-es were linear for

tnt least- 10 mini. The results obtained by this

procedure w’ere cdoutfirmed by ant optical
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assay for phosphorylase activity (12), auto!

by the DEAE-cellulose disc method four

detection of thymidine kina.se (13). Proo-

tein levels were measured by the met-hod of

Lowry ci al. (14).

RESULTS AND DISCUSSION

Survival studies. The drug-promoted in-

crease irm survival time of tumor-hearing

animals is shown in Tthle 1.

Enzymes involved in F(i ‘dl? metalooli.s’m.

A summary of the dat-tn obtained is shownn

in Fig. 2 and Table I. Levels of fhymidiune

kinase w’ere measured with labeled thymi-

dine as the substrate. Substitution of FUdR

did not alter the relatioumship between en-

zyme activity autd responsiveness to FUdR

shown in Fig. 2; in these cell lines FUdR

was phosphorylated about as rapidly as

thymidine. Phosphorolysis of FUdR by all

TABLE 1

Pyrionidine phosphorylase levels in cell extracts

Cell extracts were intcubated with labeled
FUdR or thymidinme (TdR), MgC12, ATP, inor-

ganic phosphate, anid Tris-IICl buffer as described
itt the text. Initial rates of product formationu were
calculated front chromatographic anualysis oof

reactiont mixtunres.

a Increase mu life spanu of tonmor-bearinng anninmabs

produced by administratioonm oof FUdR. See the

legenud to Fig. 2 for derivationo of these noumbers.

Qtnanmtities refer to prooohmctiouu o)f 5-flonoroura-

cii or thyminie.
Not done.

I n
0 50 tOO 150 200

FUdR %ILS

FIG. 2. (‘oo’relation between thojoonidinc (i’d/I)

kinase levels anti responsiveness to FUdI? as oomeas-

nored by increase in life span (ILS)

Enzyme activity was determinued with labeled
thymidinte as the sonbstrate, as described inn the

text. Survival data are repoorted in terms o)f per-
centage increase mi the life spant of drug-treated

vs. umnitreated tumor-bearinog amunmais.

extracts proceeded nuore rapidly than fine

Inutalogous o’ontversion of timymidine to thy-

minme (Table 1). un u’elated studies, Roubert-s

(15) examined levels of thynuidylat-e sytu-

t-het-a.se in four tumor linmes: Ll210, P288,

P388, a-nd Ph 534Ja. The dat-a shoow nmo

correll-tt-iorm between levels of this dFUMP-

inhibited enmzyme and respounsivermess of the

differeutt. cell lines to FUdR.

We found that inhereunt- our “natural”

resist-autce oil uninne of these muriume leukemia.s

to FUdR mva.s inmversely correlated with

their capacity to form dTMP from t-hymi-

diume anmd dFUI\IP frcom FUdR. The eapac-

9 ity of the cell liumes to degrade FUdR to FU

4 was nmot an important det-ermimnaunt- ef re-

8 spoimsiveitess to FUdR. (compare P388,

“30 P388/VCR, aimd P388-38280, Table 1).

1 .s Data derived from studies in vitro do not
5 necessarily refleo’t- the sifumatioonm in- zoo.

ii TIn� present study suggests that the cell

� hues least respeotnsive to F l.dR eomut-aitm tine

� highest levels of thymidine kinmase.
An explammafiont for this appareunt- pat’adox

might be that the hto’tioun of timymidinme

kintLse, i.e., foormat-iont of dTMP from thymi-

dine, serves too circumventt the blockade by

dFUMP oil thyn’nidylate syuithesis de noro.

The validity oof this explanmatiomm would ole-
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l)O’tttl O)ti time bL\’biilltbilit-\’ of ann excugenootns
slm�)plV (if timynimiolinne’ mo i”l’tli�-t n’ehiteol btnni-

nmmais. �\lt on’nuhutively, the l)n’o’so’nno’o’ oil imiglt

l(’\’(’ls oil’ t imvmiclinuo kinna.”ne inn ro’u’t bUtt 1”tdIl-

t’O’sistlinnt- hiutes, e.g., P288, migimt 1)e asso-

o’iateol u�it it cit lmo’n’ hil)nmoornlalitio’s inn leveis oou.

o’ithtn’biO’tO’n’istio’s 0)1 enizynnes inmvoulvo’ol itt l)N��

svnotimo’sis w’hio’h o’oouniollie’ n’o’sponusihlc’ foot

i noho’n’eunt- n’o’sist lIt 0(0’ t to I” I u! U.

‘Flue b(’imltvioon’ of time’ Lynnpimonnbn- 2 annol

P1534.111 u’ell iinnes n’enmbomnos tnnuo’xpla-inuo’ol.

lhO5C liunes simoweol grelit en’ respoommsivo’muess

t ( 0 1’ 1.�o1 1! t mImi o’xpe(’t o�l fn’oonm n’ato’s cii ‘I’ol 11

pimoosplmoom’yla-t ioonn ( l”ig. 2 ) . Pel’hbips snob hinne’s

have low exoogemuoouns supplies oil thynnie!inue.

��lten’nnatii’el�’, timo’ ‘‘bui)nmoon’nnboiitv’’ lc’aolinug

to) time immsenmsitivitv oif P288 too l’[e!H, ass�i

(‘ihot eel u�it-h high t imynmiclinue kinmase lu(’tivitv,

(‘oui(l he lboo’kinmg mu P1 534.Ja. l”unn’timen’ dis-

o’lnssionn ummust awliit the olohinmo’litioonmoil time’

n’ok’ of thvnmniolinuo’kinta.�o’ inn cell o!ivisiounn.

Inn o’oonmtvast to) the n’csumlt s sliownm imen’e,

so’i(’(’tioonmion’ u’o’sist �inno’o’ too i’Id H by expoosunre

o time oln’ug led to a (‘all inn thvnmuidinne’ kinnaso’

ao’t mvmt-y (16 -18). I nu time’ pan’tio’umlan’ cell

linmo’s enimploovo’ol, o’o)ntven’siootn out’ the o!u’ung too

cll”1�’\lP by timyuuuielinue kimthis(’ nmmbiy hbI”e

been n tito’onnlv rooute’ oil olI’ll \ I P foon’nnat ioomm.

Sinoo’o’ t wo It ‘olIl-n’esist anot coil linue’s so

olen’ivo’ol were n’o’spoounsive too 5-flumoun’oounm’acil

iS), the un’iolinmo’ phoosphoouylbise-o’lit alyzed

in it o’n’o’oonnveu’sion m oil 1” lulll anmol 1”!.� was tip-

pan’e’nutly ahsomut , with thymidinno’ kinubiso’ the’

oonolv m’oounte oil oli”[�\lP ioon’nmuationu f’roonm

l”l ‘ol H. The pu’o’sento’o oil’ a phosplmooriiooosyl-

u’auuslen’ase (7) to uunlol ao’o’counumt loon’ the o’omm-

vo’rsioonn od I”I t �i pimhit’nobuo’oulougio’allvao’tive

nnnno’le it iolc’ orms mm a o’ell limme lluu’kinmg umu’iolinie’

pho ospimo on’ylase. Ann c’xauimpie out this pimenmoume-

nn� ni has bo’ent u’e’poun’t-eolelsewhere (10). \Ve

o’nmmphasizo’ thbot time’ olata repon’teoI here apply

unnlv too cell linoos eximibitmnug variouns do’gn’ees

(of nnatunrai con’ inuho’m’ennt , as opposed too dying-

mntolun(’o’ol, resist atmo’o’ too 1’ 1 o!R.

�llto’ itieffc’t’t ive’nno’ss cii 1’ 1 ‘o! H aghi-inmst

hunmianu lo’uike’nmias nmmigimt ho’ o’xplainmecl, ito

pbln’t , by t ho’ higim levo’ls of’ t hvmioliune kinnase
t imbot mayo’ boenu touunnnol itt lmunmmbinm lo’unko’mic

o’o’lls ( I 9�-2 1 ) . i1imvnmmioliuue kiniboso’ levo’ls �o’n’e

101500 genme’n’;illy O’le\’bttO’elinn nna-lmgnnanmt- 105

o’oinmiparc’ol w’itim nooornnai itunnn1--inm tissue (22).
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