
Vol. 187, No. 1, 1992 

August 31, 1992 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 
Pages 522-528 

METHOTREXATE DECREASES THYMIDINE KINASE ACTIVITY 

Margi t  A b o n y i ,  Noemi P ra jda ,  Yuki Hata,  Hi royuki  Nakamura  and  George  Weber* 

L a b o r a t o r y  for  Exper imenta l  Oncology,  Ind iana  U n i v e r s i t y  School of Medicine,  

Ind ianapo l i s ,  IN 46202-5200 

Received July 20, 1992 

SUMMARY: MTX c y t o t o x i c i t y  is not  fu l ly  exp la ined  b y  i ts  wel l -known inh ib i t ion  of 
d i h y d r o f o l a t e  r e d u c t a s e  a c t i v i t y  which leads  to a d e c r e a s e  in the  dTMP s y n t h a s e  
r e a c t i o n ,  s ince  TdR k inase  which c o n v e r t s  TdR to dTMP could r e a d i l y  c i r cumven t  
MTX ac t ion  t h r o u g h  th is  sa lvage  a c t i v i t y .  TdR k inase  is of p a r t i c u l a r  s i gn i f i c ance ,  
s ince  in va r ious  t y p e s  of carcinoma cells i t s  a c t i v i t y  is o r d e r s  of magni tude  h i g h e r  
than  tha t  of dTMP s y n t h a s e .  To throw l igh t  on th i s  p rob lem,  we t e s t e d  the  
h y p o t h e s i s  t ha t  the  impact  of MTX t r ea tmen t  might in fac t  involve  an inh ib i t ion  or  
d e c r e a s e  in TdR k inase  a c t i v i t y .  In jec t ion  in r a t  of MTX ( i . p . )  d e c r e a s e d  TdR 
k inase  a c t i v i t y  in a t ime- and d o s e - d e p e n d e n t  fash ion  in l ive r  ( t . .  = 46 h;  ICs0 = 95 
m g / k g ) ,  bone  marrow ( t l ,  2 = 10 h; ICs0 = 5 m g / k g )  and~'~rapidly g rowing  
t r a n s p l a n t a b l e  hepatoma 39~4A ( t l ,  2 = 56 h; IC~0 = 5 m g / k g ) .  In jec t ion  in r a t  of 
cyc loheximide  (15 m g / k g ,  i . p . ) ,  "an inh ib i to r  of p r o t e i n  b i o s y n t h e s i s ,  r a p i d l y  
d e c r e a s e d  TdR k inase  a c t i v i t y  in the  hepatoma ( t l  2 = 3.6 h ) ;  a c t i v i t i e s  of o t h e r  
p u r i n e  and  py r imid ine  s y n t h e t i c  enzymes ,  dTMP s y n t h a s e ,  IMP d e h y d r o g e n a s e ,  GMP 
r e d u c t a s e  and  GMP s y n t h a s e ,  dec l ined  at  a marked ly  s lower  r a t e  ( t  ,. = 11, 11.6,  12 
and  22 h ,  r e s p e c t i v e l y ) .  MTX, b y  cu r t a i l i ng  p u r i n e  and  pyrimidir~$ ~ b i o s y n t h e s i s ,  
limits p r o d u c t i o n  of TdR k inase  which is more s ens i t i ve  to u n o p p o s e d  p r o t e i n  
d e g r a d a t i o n  t han  o t h e r  enzymes of nucleic  acid  b i o s y n t h e s i s .  TdR k inase  is  a newly  
d i s c o v e r e d  t a r g e t  of MTX t r ea tmen t .  ® 1992 Academic Press, Int. 

MTX admin i s t r a t i on  inh ib i t s  d ihyd ro fo l a t e  r e d u e t a s e  a c t i v i t y  (1) l e a d i ng  to a 

d e c r e a s e  in the  conve r s ion  of dUMP to dTMP, r e s u l t i n g  in a b lock  in the  de novo 

b i o s y n t h e s i s  of dTMP (2) .  However ,  th is  could not  el iminate dTMP p r o d u c t i o n ,  s ince  

TdR k inase  (EC 2 .7 .1 .21 )  b y  c o n v e r t i n g  TdR to dTMP p r o v i d e s  th is  s a lvage  a c t i v i t y  

(F ig .  1) .  Moreover ,  the  a c t i v i t y  of TdR k inase  in normal t i s s u e  and  v a r i o u s  t y p e s  

of c a n c e r  cel ls  is o r d e r s  of magni tude  h i g h e r  than  tha t  of dTMP s y n t h a s e  ( 3 , 4 ) .  The  

b io logica l  s ign i f i cance  of the  TdR sa lvage  p a t h w a y  was d e m o n s t r a t e d  b y  

coadmin i s t r a t ion  of ac iv ic in  (an inh ib i to r  of de novo b i o s y n t h e s i s  of p u r i n e s  and  

*To whom c o r r e s p o n d e n c e  should  be a d d r e s s e d .  

A b b r e v i a t i o n s :  TdR,  thymid ine ;  dTMP, t h y m i d y l a t e ;  MTX, m e t h o t r e x a t e ;  t , the  ~2 
time r e q u i r e d  fo r  50% d e c r e a s e  in a c t i v i t y ;  APRT,  aden ine  p h o s p h o m ~ o s y l -  
t r a n s f e r a s e ;  IC , dose  r e q u i r e d  for  50% d e c r e a s e  in a c t i v i t y ;  GPRT, gua n i ne  

• 5 0  
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dTMP T d R  
synthase kinase 

FIG. i. The pathways of dTMP biosynthesis: i. de novo through dTMP synthase 
action, and 2. salvage through thymidine kinase activity. 

p y r i m i d i n e s )  a n d  d ipy r idamole  (which  b locks  t r a n s p o r t  of TdR a n d  o t h e r  n u c l e o s i d e s  

i n to  ca rc inoma  cel ls)  ( 3 , 5 ) .  U n d e r  t he se  c o n d i t i o n s  in  t i s s u e  c u l t u r e  d i p y r i d a m o l e  

was s y n e r g i s t i c  wi th  v a r i o u s  i n h i b i t o r s  of de novo  p u r i n e  a n d  p y r i m i d i n e  

b i o s y n t h e s i s  ( 3 , 5 , 6 ) .  The  i m p o r t a n c e  of s a lvage  was also s u p p o r t e d  b y  o u r  

o b s e r v a t i o n  t h a t  AZT (a compet i t ive  i n h i b i t o r  of TdR k i n a s e )  wi th  MTX r e s u l t e d  i n  

s y n e r g i s t i c  c y t o t o x i c i t y  ( 7 , 8 ) .  The  n e e d  to i n h i b i t  s a l va ge  was f u r t h e r  r e v e a l e d  i n  

o u r  r e c e n t  r e p o r t  t h a t  AZT wi th  d ipy r idamole  p r o v i d e d  the  most  m a r k e d  s y n e r g i s m  

we h a v e  o b s e r v e d  wi th  MTX (9) .  N e v e r t h e l e s s ,  t i s s u e  c u l t u r e  s t u d i e s  a n d  c l in ica l  

o b s e r v a t i o n s  show t h a t  MTX alone  ean  p r o v i d e  e f f ec t i ve  e y t o t o x i c i t y  in  s e n s i t i v e  

c a n c e r  cel ls .  T h e r e f o r e ,  i n  th i s  i n v e s t i g a t i o n ,  we t e s t e d  the  h y p o t h e s i s  w h e t h e r  

MTX t r e a t m e n t  might  lead to a d e c r e a s e  in  TdR k i n a s e  a c t i v i t y  in  the  c a n c e r  ce l l s .  

The  r e s u l t s  we now r e p o r t  i n d i c a t e  t h a t  i n j e c t i o n  of MTX in  r a t  m a r k e d l y  d e c r e a s e d  

TdR  k i n a s e  a c t i v i t y  in  a t ime-  a n d  d o s e - d e p e n d e n t  f a s h i o n  in  l i v e r ,  b o n e  mar row a n d  

t r a n s p l a n t e d  hepa toma .  Our  i n v e s t i g a t i o n s  r e v e a l  t h a t  MTX ac t ion  e n t a i l s  a n  u n t i l -  

n o w - u n r e p o r t e d  mechan i sm:  a d e c r e a s e  in  TdR k i n a s e  a c t i v i t y .  Th i s  mechan i sm of 

MTX ac t ion  is a p p a r e n t l y  b a s e d  on the  s h o r t  ha l f - l i f e  of TdR k i n a s e .  

MATERIALS AND METHODS 

Chemicals  a n d  s u p p l i e s .  M e t h o t r e x a t e ,  cyc lohex imide  a n d  ATP were  p u r c h a s e d  from 
Sigma (S t .  Lou i s ,  MO). Rad ioac t ive  i so tope  14C- TdR was from D u P o n t  ( B o s t o n ,  MA). 
O t h e r  chemicals  were  also of the  h i g h e s t  p u r i t y  a v a i l a b l e ,  p u r c h a s e d  f rom Sigma.  

Biochemical  s t u d i e s .  Wistar  a n d  ACI /N  i n b r e d  male r a t s  (190-210 g) were  k e p t  i n  
i n d i v i d u a l  c a g e s .  Rap id ly  g r o w i n g  hepa toma 3924A was s . c .  t r a n s p l a n t e d ;  d r u g s  
were  i n j e c t e d  i . p .  Ra ts  were  ki l led  b y  s t u n n i n g  a n d  d e c a p i t a t i o n .  The  l i v e r s  a n d  
hepa tomas  were  r a p i d l y  e x c i s e d ,  f e m u r s  were  cu t  a n d  b o n e  mar row was s u c t i o n e d  out  
w i t h i n  90 sec of d e c a p i t a t i o n .  From the  t i s s u e s  20% h o m o g e n a t e s  were  made i n  0.15 
M KC1, t h e n  100,000 x g s u p e r n a t a n t  f r a c t i o n s  were  p r e p a r e d  b y  c e n t r i f u g a t i o n  of 
the  h o m o g e n a t e s  for  30 min a t  4°C. P r o t e i n  c o n c e n t r a t i o n  was d e t e r m i n e d  b y  a 
r o u t i n e  method  u s i n g  c r y s t a l l i n e  b o v i n e  s e r u m  a l b u m i n  as a s t a n d a r d .  

TdR k i n a s e  a c t i v i t y  (14C-TdR + ATP---~dTMP + ADP) was m e a s u r e d  b y  the  PEI 
ce l lu lose  p l a t e  method  (3) .  Enzymic  ac t i v i t i e s  were  ca l cu l a t ed  in  nmol s u b s t r a t e  
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metabo l ized  p e r  h p e r  mg p r o t e i n ,  as spec i f ic  a c t i v i t y ;  da t a  a r e  also e x p r e s s e d  as  
p e r c e n t a g e s  of c o n t r o l s .  R e s u l t s  were  s u b j e c t e d  to s t a t i s t i c a l  e v a l u a t i o n  b y  the  t -  
t e s t ;  d i f f e r e n c e s  b e t w e e n  means  y i e l d i n g  a p r o b a b i l i t y  of < 5% were  c o n s i d e r e d  
s t a t i s t i c a l l y  s i g n i f i c a n t .  

Bone mar row.  Cell c o u n t s  were  d e t e r m i n e d  in  a h e m o c y t o m e t e r .  

RESULTS AND DISCUSSION 

Effect  of v a r i o u s  doses  of MTX on TdR k i n a s e  a c t i v i t y  in  r a t  l iver~ hepa toma  

a n d  b o n e  mar row.  Rats  c a r r y i n g  s . c .  t r a n s p l a n t e d  hepa toma  were  g i v e n  a s i n g l e  

i . p .  i n j e c t i o n  of MTX a n d  t i s s u e s  were  r emoved  48 h l a t e r .  Tab le  1 shows t h a t  TdR  

k i n a s e  a c t i v i t i e s  i n  l i v e r ,  b o n e  marrow a n d  hepa toma  were  3, 91.7 a n d  15.2 

n m o l / h / m g  p r o t e i n ,  r e s p e c t i v e l y .  T h u s ,  l i ve r  a c t i v i t y  was the  lowest  a n d  i t  

i n c r e a s e d  5 - fo ld  in  the  hepa toma  a n d  o v e r  30-fold  in  the  b o n e  mar row.  MTX doses  

v a r y i n g  f rom 5 to 100 m g / k g  had  l i t t le  e f fec t  on TdR k i n a s e  a c t i v i t y  in  l i v e r .  

However ,  t he  a c t i v i t i e s  in  the  b o n e  marrow were  d e p r e s s e d  to 11% or  lower .  By  

c o n t r a s t ,  TdR k i n a s e  a c t i v i t y  in  the  hepa toma d e c r e a s e d  b y  5 m g / k g  to 48% a n d  

f u r t h e r  i n c r e a s e s  of MTX up  to 60 m g / k g  d e p r e s s e d  i t  f u r t h e r  o n l y  down to 36% of 

the  c o n t r o l  v a l u e s .  T h e s e  da ta  s u g g e s t  t h a t  the  s e n s i t i v i t y  to MTX of TdR  k i n a s e  

a c t i v i t y  v a r i e d  i n v e r s e l y  wi th  the  a b s o l u t e  enzymic  a c t i v i t i e s  of the  t i s s u e s  b e f o r e  

t r e a t m e n t  (Tab le  1) .  These  r e s u l t s  a g r e e  wi th  c l in ica l  o b s e r v a t i o n s  t h a t  the  b o n e  

mar row is h i g h l y  s e n s i t i v e  to MTX t r e a t m e n t .  

S e q u e n c e  of e v e n t s  in  MTX t r e a t m e n t  on TdR k i n a s e  a c t i v i t y  in  r a t  l iver~ 

hepa toma  a n d  bone  mar row.  Rats  c a r r y i n g  s . c .  t r a n s p l a n t e d  hepa tomas  r e c e i v e d  

T a b l e  1 

Ef fec t  o f  d i f f e r e n t  d o s e s  o f  MTX o n  T d R  k i n n s e  a c t i v i t y  

in  rat  H v e r ,  b o n e  marrow a n d  hepatoma 3924A 

D o s e  T d R  k i n a s e  a c t i v i t y  
n m o l / h / m g  p r o t e i n  

m g / k g  % 

L i v e r  Hepatoma B o n e  m a r r o w  

Sa l ine  c o n t r o l  3 . 0  ± 0 .09  15 .2  ± 1 . 0  9 1 . 7  ± 1 5 . 9  

0 100 100 100 

5 - 48* 

15 127" 44* 11" 

30 103 40* 6* 

60 73* 36* 4* 

100 87 - 1" 

S i n g l e  MTX in jec t ion  ( i . p . )  w a s  g i v e n  a n d  r a t s  w e r e  k i l l ed  48 h l a t e r .  
Means  ± S . E .  o f  3 o r  more  r a t s  p e r  g r o u p  a r e  s h o w n  a n d  % o f  c o n t r o l s .  

* S i g n i f i c a n t l y  d i f f e r e n t  f rom c o n t r o l s  (p  ( 0 . 0 5 ) .  
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FIG. 2. Sequence of events after a single injection of MTX (150 m g / k g )  in rats 
carrying s.c. transplanted hepatomas. Three or more rats were l~illed at each time 
period and hepatomas were removed for enzyme assays. 

s i n g l e  i . p .  i n j e c t i o n s  of MTX (150 m g / k g )  a n d  t i s s u e s  were  r emoved  at  i n t e r v a l s  

d u r i n g  a 72-h  p o s t - i n j e c t i o n  p e r i o d .  The  p r e - i n j e e t i o n  c on t r o l  v a l u e s  fo r  l i v e r ,  

hepa toma  a n d  b o n e  mar row were  3.7 + 0 .4 ,  11.4 _+ 1.0 a n d  101.6 _+ 0.4 n m o l / h / m g  

p r o t e i n  which  a re  in  a g r e e m e n t  wi th  those  in  Tab le  1. F i g u r e  2 shows t h a t  TdR 

k i n a s e  a c t i v i t y  of the  bone  marrow s t e a d i l y  d e c r e a s e d  a n d  was m a r k e d l y  more 

s e n s i t i v e  to MTX t h a n  the  a c t i v i t y  in  l i ve r  or hepa toma .  U n d e r  t h e s e  e x p e r i m e n t a l  

c o n d i t i o n s  MTX y i e lded  for  l i v e r ,  hepa toma a n d  bone  mar row t~/2 = 46, 56 a n d  10 h ,  

r e s p e c t i v e l y .  At th i s  h i g h  dose the  d i f f e r e n c e  in  s e n s i t i v i t y  to MTX o b s e r v e d  for  

l i v e r  a n d  hepa toma  at  lower doses  (Tab le  1) has  d i s a p p e a r e d  a n d  t h e y  show on ly  

s l i g h t l y  d i f f e r e n t  tl/2 v a l u e s .  The  s e n s i t i v i t y  to MTX of the  b o n e  mar row is c l e a r l y  

b o r n e  ou t  i n  th i s  time s e q u e n c e  s t u d y  where  50% of the  TdR k i n a s e  a c t i v i t y  is  lost  i n  

10 h a n d  n e a r l y  90% is a b s e n t  at  72 h .  

Effect  of MTX t r e a t m e n t  on b o n e  marrow c e l l u l a r i t y .  The  m a r k e d  impac t  of 

MTX on TdR k i n a s e  a c t i v i t y  in  the  b o n e  marrow could  be  due  to the  d e s t r u c t i o n  of 

b o n e  mar row cel ls .  We t e s t e d  th i s  idea  b y  d e t e r m i n i n g  the  r a t e  of d e c r e a s e  of b o n e  

mar row c e l l u l a r i t y  which  t h e n  can  be  compared  wi th  the  r a t e  of d e c r e a s e  of TdR  

k i n a s e  a c t i v i t y  in  the  b o n e  mar row.  The  r e s u l t s  (no t  shown)  i n d i c a t e  t h a t  the  b o n e  

mar row c e l l u l a r i t y  d e c r e a s e d  wi th  a tl/2 of 30 h w h e n  r a t s  were  i n j e c t e d  wi th  MTX 

(150 m g / k g ,  i . p .  ) u n d e r  the  same c o n d i t i o n s  as i n  F i g u r e  2. S ince  t / 2  of TdR  k i n a s e  
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Table 2 
Effect of cycloheximide treatment on purine a n d  p!rrimidine enzymic activities in hepatcma 3924A 

Hours TdR dTMP IMP GMP GMP APRT GPRT 
after inj. kinase synthase DH synthase reductase 

Saline 21.8 ± 2.0 0.142 ± 0.01 12.2 ± 0;8 96.9 ± 1.9 9.24 ± 0.34 92.1 ± 2.0 380 ± 42 

control I00 I00 i00 I00 I00 I00 I00 

0.5 72* 71" 93 94 94 89 66 

3 57* 89 80* 90 88 86* 60 

4 30* 36* 77* 90 81" 93 42* 

6 34* 87* 57* 85* 68* 105 47* 

8 22* 59* 70* 70* 62* 88 53* 

Means -+ S.E. of 3 or more rats per group are given as nmol/h/mg protein and % of control values. Rats were 
injected (15 mg/kg, i.p. ) and killed at various intervals. Enzymic activities were measured as cited 
(3,4,7,8) and expressed in nmol/h/mg protein and as % of the control values. 

*Significantly different frc~ controls (p < 0.05). 

a c t i v i t y  was 10 h,  the  decl ine in enzyme a c t i v i t y  marked ly  p r e c e d e d  the  d e c r e a s e  in 

bone marrow ce l l u l a r i t y .  

Effec t of cycloheximide  on enzymic ac t iv i t i e s  in hepatoma 3924A. Adu l t  male 

Wistar  r a t s  (190-220 g of weight )  were in jec ted  with cyc loheximide  (15 m g / k g )  and  

ki l led  at  va r ious  time pe r i ods  a f t e r  t r e a tm e n t .  Table  2 shows the  b e h a v i o r  of 

ac t i v i t i e s  of k e y  enzymes  of de novo and  sa lvage  b i o s y n t h e s i s  of dTMP (dTMP 

s y n t h a s e  and  TdR k inase )  and  of p u r i n e  nuc leo t ides  (de novo b i o s y n t h e s i s ,  IMP 

d e h y d r o g e n a s e ,  GMP s y n t h a s e  and sa lvage ,  APRT,  GPRT) and  the  a c t i v i t y  of GMP 

r e d u c t a s e  which r e c y c l e s  GMP to IMP. The da ta  i l l u s t r a t e  s t a t emen t s  above  tha t  the  

a c t i v i t y  of TdR k inase  in t r a n s p l a n t a b l e  hepatoma is m a r k e d l y  h i g h e r  (154-fold)  than  

tha t  of dTMP s y n t h a s e .  Enzymic capac i t ies  in p u r i n e  b i o s y n t h e s i s  show tha t  the  

a c t i v i t y  of the  sa lvage  enzyme of g u a n y l a t e  p r o d u c t i o n ,  GPRT, is 31-fold h i g h e r  t han  

the  a c t i v i t y  of IMP d e h y d r o g e n a s e ,  the  r a t e - l i m i t i ng  enzyme of de novo GTP 

b i o s y n t h e s i s .  

Cycloheximide t r ea tmen t  inh ib i t s  p ro t e in  b i o s y n t h e s i s  and  pe rmi t s  o b s e r v a t i o n  

of the  r a t e  of u n o p p o s e d  d e g r a d a t i o n  of the  va r ious  enzymes .  In the  g r o u p  of p u r i n e  

and  py r imid ine  s y n t h e s i z i n g  enzymes ,  the  d e g r a d a t i o n  r a t e  of TdR k inase  is  the  most 

r a p i d ,  y i e l d i n g  a t i n  of 3.6 h.  In compar ison ,  the  tl/2 of dTMP s y n t h a s e ,  IMP 

d e h y d r o g e n a s e ,  GMP r e d u c t a s e  and  GMP s y n t h a s e  a re  11.0,  11.6,  12.0 and  22.0 h ,  

r e s p e c t i v e l y .  The a c t i v i t y  of APRT d e c r e a s e s  l i t t le  in 8 h ,  b u t  t ha t  of GPRT has  a 

ha l f - l i f e  of abou t  9 h.  

These  r e s u l t s  r evea l  tha t  among these  enzymes TdR k inase  has  the  s h o r t e s t  

ha l f - l i f e  when the p r o c e s s e s  of p r o t e i n  b i o s y n t h e s i s  a re  c u r t a i l e d .  MTX a d m i n i s t r a -  

t ion does lead to a d e c r e a s e  in the  ava i l ab i l i t y  of p u r i n e  and  py r imid ine  nuc leo t ide  

p r e c u r s o r s  which p l a y  a p a r t  in the  b i o s y n t h e s i s  of va r ious  enzymes .  

These  o b s e r v a t i o n s  might  exp la in ,  a t  l eas t  in p a r t ,  the  p r e f e r e n t i a l  dec l ine  in 

TdR k inase  a c t i v i t y  a f t e r  MTX t r ea tmen t .  T h u s ,  the  chemothe rapeu t i c  impact  of 
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MTX enta i l s  a d e c r e a s e  in the  a c t i v i t y  of the  TdR sa lvage  enzyme which could 

c i r cumven t  the  ac t ion  of MTX b y  p r o v i d i n g  dTMP. That  th is  is an impor t an t  p a r t  of 

the  cy to tox ic  impact  of MTX is emphas ized  b y  the  o b s e r v a t i o n  (Table  2) t ha t  the  

inh ib i t ion  of the  low dTMP s y n t h a s e  a c t i v i t y  would amount to v e r y  l i t t le  had  the  

m a r k e d l y  h i g h e r  TdR k inase  a c t i v i t y  not  d e c r e a s e d .  

Compar ison of ac t ion  of MTX~ ac t inomycin  D and  cycloheximide  on tl/2.of TdR 

k inase  in hepatoma.  Incuba t ion  of MTX, ac t inomycin  D or  cyc loheximide  in v i t r o  with 

t i s s u e  e x t r a c t s  did  not  a f fec t  TdR k inase  a c t i v i t y  (not  shown) .  Adu l t  r a t s  c a r r y i n g  

t r a n s p l a n t e d  hepa tomas  were  k i l led  at  va r ious  p e r i o d s  a f t e r  in jec t ion  of MTX (150 

m g / k g )  or  ac t inomycin  D (100 p g / k g )  or  cycloheximide (15 m g / k g ) .  For  MTX, 

ac t inomycin  and  cycloheximide  tl/2 = 56, 24 and  3.6 h,  r e s p e c t i v e l y ,  were  o b s e r v e d  

in the  hepa toma.  In t hese  s t ud i e s  where  MTX cur t a i l s  p u r i n e  and  py r i m i d i ne  

b i o s y n t h e s i s ,  ac t inomycin  D inh ib i t s  DNA-d i r ec t ed  RNA p r o d u c t i o n  and  

cyc loheximide  b locks  p r o t e i n  b i o s y n t h e s i s ,  the  most e f fec t ive  a g e n t  was 

cyc lohex imide .  These  i n v e s t i g a t i o n s  r evea l  t ha t  TdR k inase  which has  a r e l a t i v e l y  

s h o r t  ha l f - l i f e  is  s ens i t i ve  to a g e n t s  tha t  b lock  macromolecular  b i o s y n t h e s i s .  

Role of TdR k inase  a c t i v i t y  in the  overa l l  impact of MTX. The role  of TdR 

sa lvage  in the  cl inical  pha rmaco logy  of MTX has  r e c e i v e d  a t t e n t i o n  (2) .  The  novel  

o b s e r v a t i o n s  communicated he re  i l luminate the  metabolic r e l a t i ons h i p  of the  

enzymology  of de novo and sa lvage  b i o s y n t h e s i s  of dTMP. The new o b s e r v a t i o n  t ha t  

MTX t r ea tmen t  r e s u l t s  in a d e c r e a s e  of TdR k inase  a c t i v i t y  p r o v i d e s  an e x p l a n a t i o n ,  

in p a r t  a t  l e a s t ,  fo r  the  overa l l  ey to tox i c i t y  of th is  d r u g .  The s ign i f i cance  of TdR 

sa lvage  was r e c e n t l y  shown b y  p r o d u c i n g  s y n e r g i s m  of MTX with AZT,  an  i n h i b i t o r  

of TdR k i n a s e ,  in human p a n c r e a t i c  carcinoma cells (8) .  A more marked  s y n e r g i s m  

with  MTX was o b s e r v e d  when d ipyr idamole ,  an i nh ib i t o r  of TdR t r a n s p o r t ,  was g iven  

in add i t i on  to AZT (9) .  These  o b s e r v a t i o n s  and  the  p r e s e n t  da t a  i nd i ca t e  tha t  

combinat ion of MTX which ,  as  we now show, d e c r e a s e s  TdR k inase  a c t i v i t y  and  

i n h i b i t o r s  of TdR k inase  a c t i v i t y  and  TdR t r a n s p o r t  (AZT,  d ipy r idamole )  should  

improve  the  cl inical  impact  of MTX t h e r a p y .  A b r i e f  a b s t r a c t  of t he se  r e s u l t s  was 

p u b l i s h e d  (10).  
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