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NUGLEOSIDES & NUCLEOTIDES, 9(2), 179-187 (1990)  

DETECTION OF 5-HYDROXYMETHYL-Z'-DEOXYURIDINE IN DNA 
FROM CALF THYMUS, HELA CELLS, AND RAT LIVER NUCLEI 

Russell C. Cattley*, Susan R. Dietze, 
Frank C. Richardson and James A. Popp 

Chemical Industry Institute of Toxicology 
P. 0. Box 12137 

Research Triangle Park, NC 27709 

Abstract: HMdU in DNA was quantitated by radioimmunoassay following 
separation of enzymatic digests. In DNA prepared from calf thymus, 
HeLa cells, and rat liver nuclei, there was approximately 1 HMdU for 
every 105-106 deoxythymidines Irradiation of calf thymus DNA and 
HeLa cells increased the leve of HMdU. 

INTRODUCTION 

HMdU (5-hydroxymethyl-2' deoxyuridine) is a modified thymidine 
which may occur in DNA as a result of oxygen radicals via the action 
of ionizing radiation (1) or chemicals (2). HMdU also may be 
incorporated into DNA following exogenous administration, which 
results in cytotoxicity (3, 4). The proposed use of HMdU in cancer 
chemotherapy was based on this cytotoxicity to leukemia cells (5, 6). 
Furthermore, the mutagenic effect of HMdU in DNA (7) suggests that 
HMdU in DNA may initiate development of cancer. 

Quantitation of HMdU in DNA represents a potentially useful 
approach to monitoring DNA modification by oxygen radicals and cancer 
chemotherapy ( 8 ) .  It was possible to measure HMdU in DNA of cultured 
cell s i rradi ated % vi tro because thymi di ne can be speci f i cal ly 
prelabeled to high specific activfty in DNA of cultured cells prior t o  
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180 CATTLEY ET A L .  

treatment (9). Unfor tunate ly ,  p r e l a b e l i n g  i s  n o t  poss ib le  i n  v i v o  

(10). Therefore, o n l y  i n d i r e c t  evidence o f  HMdU format ion i n  v i v o  has 
been presented, such as demonstration o f  r e p a i r  enzyme a c t i v i t y  (11) 

and u r i n a r y  exc re t i on  o f  excised bases (12). 

The present study descr ibes an approach t o  q u a n t i t a t e  HMdU i n  
unlabeled DNA based on radioimmunoassay ( R I A )  and h igh  performance 
l i q u i d  chromatography (HPLC). The r e s u l t s  demonstrate t h a t  i t  i s  
poss ib le  t o  q u a n t i t a t e  DNA base o x i d a t i o n  from t i ssues  w i thou t  
p re labe l i ng ,  and t h a t  spontaneous base o x i d a t i o n  may occur i n  v ivo.  

MATERIALS AND METHODS 

Mater i  a1 s 
Non-isotopic nucleoside standards, c a l f  thymus DNA, enzymes, 

normal r a b b i t  serum and reagents were obta ined from Sigma Chemical Co. 
( S t .  Louis, MO) unless otherwise ind icated.  CsC12 and sucrose were 
from 6RL (Gaithersburg, MD) . Venom phosphodiesterase I was from 
Worthington-Cappel (Malvern, PA). T r i t o n  X-100, methanol and 
a c e t o n i t r i l e  were f rom Fisher  S c i e n t i f i c  (P i t tsburgh,  PA). Aqueous 
s c i n t i l l a n t  was obtained from Amersham Corp. (A r l i ng ton  Heights,  I L ) .  
Sodium per iodate was from A l d r i c h  Chemical Co. (Milwaukee, W I ) .  

Radioimmunoassay 
5-Hydroxymethyluridine ( r i bos ide )  was conjugated t o  keyhole 

l impe t  hemocyanin by t h e  pe r ioda te  method o f  Beiser  e t  a l .  (13). The 
conjugate was p u r i f i e d  by gel  chromatography and had a hapten:protein 
r a t i o  o f  ~150:l. To prepare ant isera,  New Zealand White r a b b i t s  were 
immunized according t o  a descr ibed schedule (14). 

T r i t i a t e d  HMdU was synthesized from [6-3H]-deoxyuridineI 21.4 
Ci/mmol (NEN, Boston, MA), by formaldehyde a d d i t i o n  (15) and p u r i f i e d  
by reverse-phase HPLC. The p u r i t y  o f  t h e  t r i t i a t e d  HMdU was conf i rmed 
by c o i n j e c t i o n  w i t h  au then t i c  non- isotopic  HMdU, as a l l  o f  t h e  
r a d i o a c t i v i t y  coeluted w i t h  t h e  UV peak. An t i se ra  t i t e r s  were 

determined by s e r i a l  2 - f o l d  d i l u t i o n s  o f  a n t i s e r a  as p r e v i o u s l y  
descr ibed (14). The R I A  u t i l i z e d  40 p1 o f  standard o r  unknown and 40 
p1 o f  a n t i s e r a  s u f f i c i e n t  f o r  50% t r a c e r  b ind ing,  bo th  d i l u t e d  i n  15% 
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FIGURE 1. Standard curves f o r  HMdU and o the r  py r im id ine  nucleosides i n  
RIA. L o g i t  b = I n  [% i n h i b i t i o n / ( 1 0 0 - %  i n h i b i t i o n ) ]  

con t ro l  r a b b i t  sera prepared w i t h  T r i s -bu f fe red  s a l i n e  (140 mM NaCl , 
20 mM Tris-HC1, pH 7.5; 2 mM NaN3). Tracer (4000 dpm i n  20 p1 T r i s -  
bu f fe red  sa l i ne )  was added and t h e  m ix tu re  was incubated 2-4 h r s  a t  
room temperature. Bound t r a c e r  was p r e c i p i t a t e d  by a d d i t i o n  o f  100 p1 
saturated (NH4)2SO4 f o r  10 minutes and c e n t r i f u g a t i o n  a t  10,000 g f o r  
10 minutes. o f  supernatant was removed f o r  s c i n t i l l a t i o n  
counting. Ca lcu la t i ons  o f  % i n h i b i t i o n  were performed as descr ibed by 
Mu l le r  and Rajewsky (16), and a standard curve was es tab l i shed  t o  
determine unknowns (Fig. 1). 

Then 150 p l  

Sample preparat ion 
C a l f  thymus DNA (1 mg/ml i n  H20) samples o r  HeLa c e l l s  

(108/sample) were placed on i c e  and i r r a d i a t e d  (60 krad) us ing  a 6oCo 
source. A f t e r  i r r a d i a t i o n ,  HeLa c e l l s  were lysed (10 mM T r i s ,  pH 8.0; 
1% T r i t o n  X-100, 0.32 mM sucrose, 5 mM MgC12) and then d igested w i t h  
Proteinase K, 0.5 mg i n  5 mls b u f f e r  (10 mM Tris.HC1, pH 8.0; 75 mM 
NaC1, 24 mM NaOEDTA). Rat l i v e r  nuc le i  were i s o l a t e d  and d igested 
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182 CATTLEY ET A L .  

w i t h  1 mg Proteinase K and 50 mg Sarkosyl i n .  5 m l s  b u f f e r  (10 mM 
T r i s e H C l ,  pH = 7.5; 5 mM Na*EDTA) (17). Nuclear d iges ts  from HeLa 
c e l l s  and r a t  l i v e r s  were and DNA i s o l a t e d  by CsC12 g rad ien t  

cen t r i f uga t ion  and ethanol p r e c i p i t a t i o n  (18). A l l  DNA samples (0.3 - 
1.0 mg) were d isso lved i n  1 m l  H20 and d igested enzymat ica l ly  (16). 
For q u a n t i t a t i o n  o f  thymidine (dT) a f t e r  d iges t i on ,  50 ~1 o f  d i g e s t  
was analyzed by reverse-phase HPLC us ing 10% methanol i n  H20, 
1 ml/min i s o c r a t i c  condi t ions.  Peak area o f  dT was compared t o  
external  standards f o r  each sample. 

sheared 

Separation and Q u a n t i t a t i o n  o f  HMdU 
The 1 m l  samples o f  hydrolyzed DNA were c l a r i f i e d  by 

c e n t r i f u g a t i o n  (10,000 g f o r  3 min) and chromatographed on 2 s e r i a l l y  

connected 4.6 mm x 12.5 cm Part isphere C18 Car t r i dge  columns (Whatman, 
Inc., C l i f t o n ,  NJ) using 1 ml/min 25 mM aqueous ammonium acetate (pH 
5.0) con ta in ing  2% acetoni t r i l e .  One minute f r a c t i o n s  were c o l l e c t e d  
and t h e  e n t i r e  f r a c t i o n  (corresponding t o  the  HMdU r e t e n t i o n  time) o r  
an a l i q u o t  t he reo f  was d r i e d  under reduced pressure, and R I A  was 
performed. The column was washed w i t h  H20 and methanol between runs. 

RESULTS AND DISCUSSION 

An t i se ra  was obtained which caused 50% t r a c e r  b ind ing  a t  a 1:128 
d i l u t i o n .  This an t i se ra  was used t o  e s t a b l i s h  the  R I A  standard curve 
f o r  HMdU i n  Fig.  1. The l i m i t  o f  de tec t i on  o f  HMdU a t  20% i n h i b i t i o n  
was 2 pmol. 
cons i s ten t l y  demonstrated l i n e a r i t y  o f  a l o g - l o g i t  t ransformat ion o f  

the R I A  standard curve down t o  10% i n h i b i t i o n .  
o ther  py r im id ine  nucleosides i s  a l so  shown i n  Fig.  1. The cross- 
r e a c t i v i t y  o f  t he  HMdU an t i se ra  a t  50% i n h i b i t i o n  was 0.02 against  

thymidine. This prevented the  use o f  t he  R I A  t o  q u a n t i t a t e  HMdU i n  
hydrolyzed DNA w i thou t  separat ion.  

Twenty percent i n h i b i t i o n  was chosen because r e s u l t s  

C r o s s - r e a c t i v i t y  w i t h  

The chromatographic separat ion o f  HMdU from enzymat ica l ly  
hydrolyzed DNA i s  depic ted i n  Fig.  2. 
(usual ly  10-11 minutes) was determined before and a f t e r  each se r ies  o f  

The r e t e n t i o n  t i m e  o f  HMdU 
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5-HYDROXYMETHYL-2'-DEOXYURIDINE 183 

0 10 20 30 

TIME (min) 
40 

FIGURE 2. Chromatogram o f  enzymat ica l ly  hydrolyzed DNA t o  which 8000 
dpm o f  t r i t i a t e d  HMdU was added. 

dC (deoxycyt id ine),  dG (deoxyguanosine) , 
dT ( thymidine),  dA (deoxyadenosine) , 
MdC (methyldeoxycyt id ine) 

Nucleoside peaks: 

samples by i n j e c t i o n  o f  a sample o f  DNA hydro lysate spiked w i t h  
t r i t i a t e d  HMdU and mon i to r i ng  i t s  e l u t i o n  by l i q u i d  s c i n t i l l a t i o n  
count ing o f  f r a c t i o n s .  

Resul ts o f  ana lys i s  o f  DNA samples f o r  HMdU are shown i n  Table 1. 

Product ion of HMdU i n  DNA i r r a d i a t e d  i n  s o l u t i o n  and i n  DNA f rom 
i r r a d i a t e d  HeLa c e l l s  i s  cons i s ten t  w i t h  prev ious r e p o r t s  (9). DNA 
from l i v e r s  o f  r a t s  t r e a t e d  w i t h  WY-14,643 (0.1% i n  d i e t  f o r  28 days) 
was analyzed because i t  was suggested t h a t  o x i d a t i v e  damage o f  DNA may 
be responsib le  f o r  t h e  hepatocarc inogenic i ty  o f  t h i s  compound (19, 
20). However, product ion o f  HMdU by WY-14,643 t reatment  was n o t  
demonstrated by t h i s  analys is .  
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184 CATTLEY ET AL. 

TABLE 1. 

Q u a n t i t a t i o n  of HMdU i n  DNA: 

DNA Source and Treatment 

C a l f  thymus Control  
C a l f  thymus 60 Krad ( i n  v i t r o )  

E f f e c t  o f  Source and Treatment 

HMdU* 
(pmol /pmol dT) 

14.5 f 1.5 
3164 f 405 

HeLa Control  
HeLa 60 Krad 

L i v e r  Control  
L i v e r  WY-14,643 

4.0 i 0.4 
12.3 i 2.3 

2.7 i 0.5 
4.9 f 1.9 

*Values depic ted as mean (n=2) 2 d i f f e rence /2  (2 separate 
DNA ex t rac t i ons  were performed on HeLa and l i v e r  samples) 

The presence o f  HMdU i n  c o n t r o l  samples o f  DNA f rom a l l  t h r e e  
sources evaluated (Table 1) has n o t  been reported. Furthermore, i t  i s  
u n l i k e l y  t h a t  cross-react ing i n h i b i t o r s  were being detected by t h e  
R I A .  The separat ion o f  HMdU by HPLC suggested t h a t  thyrnidine was n o t  
the source o f  i n h i b i t i o n .  

5-methyldeoxycytidine by HPLC coupled w i t h  t h e i r  low c r o s s - r e a c t i v i t y  
i n  t h e  R I A  a l so  precluded t h e i r  c o n t r i b u t i o n  t o  i n h i b i t i o n .  The 
var ious pyr imid ine r ibonucleos ides were u n l i k e l y  sources o f  i n h i b i t i o n  
because o f  t h e i r  low c r o s s - r e a c t i v i t i e s  and t h e  i s o l a t i o n  o f  DNA f rom 
RNA i n  the  samples. 
DNA hydrolysates p r i o r  t o  HPLC d i d  n o t  reduce background i n h i b i t i o n  
(data no t  shown), suggesting t h a t  p r o t e i n  contaminat ion o f  t h e  HMdU 
f r a c t i o n  was no t  occurr ing.  I n  add i t i on ,  t h e  l e v e l  o f  HMdU/dT i n  a 
s y n t h e t i c a l l y  c o n s t i t u t e d  DNA sample (thymine, adenine, guanine, and 
cytos ine deoxyr i  bonucl eosides p l  us enzymes) was 10-2 pmol /Fmol, 
considerably lower than l e v e l s  i n  c o n t r o l  DNA samples. Thus, c o n t r o l  
samples o f  DNA contained q u a n t i f i a b l e  l e v e l s  o f  HMdU. 

The separat ion o f  deoxycyt id ine and 

Acetone e x t r a c t i o n  o r  f i l t r a t i o n  (MW > 2000) o f  

Recently publ ished s tud ies i n  which d i f f e r e n t  o x i d a t i v e  base 

Kasai e t  a1 . 
mod i f i ca t i ons  were analyzed by d i f f e r e n t  techniques a l s o  suggested 
t h a t  endogenous l e v e l s  o f  ox id i zed  DNA bases may occur. 
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5-HYDROXYMETHYL-2'-DEOXYLJRIDINE 185 

(21) demonstrated 8-hydroxydeoxyguanosi ne (- 10 pmol / p o l  deoxyguano- 
s ine) i n  DNA from HeLa c e l l s  and mouse l i v e r  i n  t h e  absence o f  
treatment, us ing HPLC w i t h  electrochemical  de tec t i on .  Dizdaroglu 
- a1 . (22) demonstrated 8,5 I -cyc l  o-2-deoxyguanosi ne (- 25 pmol /pmol 
deoxyguanosine) i n  DNA from lymphoblasts i n  t h e  absence o f  t reatment,  
using gas chromatography w i t h  t r i m e t h y l s i  l y a t i o n  and mass spectrometry 
(se lected i o n  moni tor ing) .  The use o f  phenol e x t r a c t i o n  f o r  i s o l a t i o n  
o f  DNA r a i s e d  the  p o s s i b i l i t y  t h a t  ox idants  i n  phenol caused DNA base 
damage du r ing  i s o l a t i o n  (21). However, i n  t h e  present  study, DNA 
i s o l a t i o n  by an a l t e r n a t i v e  method (densi ty  c e n t r i f u g a t i o n )  e l im ina ted  
phenol as a p o t e n t i a l  source o f  background ox idat ion.  

The demonstration o f  thymine g l y c o l  and hydroxymethyluraci l  i n  

u r i n e  o f  unt reated animals (12) suggested t h a t  o x i d a t i v e  damage t o  DNA 
bases occurs i n  t h e  absence o f  r a d i a t i o n  o r  chemical i n j u r y .  
Therefore, our  r e s u l t s  s t rong ly  suggest t h a t  background l e v e l s  o f  HMdU 
are present i n  nuc lear  DNA from l i v e r s  o f  unt reated r a t s .  
Furthermore, t he  l e v e l  o f  HMdU i n  r a t  l i v e r  nuc le i  (- 3/106 dT) was 
lower than t h a t  o f  8-hydroxydeoxyguanosi ne (- 30/106 deoxyguanosi ne) 
recen t l y  repor ted (23). 

I n  summary, q u a n t i t a t i o n  o f  HMdU i n  DNA by HPLC and R I A  obv ia tes  
the need t o  i nco rpo ra te  r a d i o i s o t o p i c a l l y  l abe led  thymidine i n  DNA o f  
c e l l s  o r  animals i n  v ivo.  The r e s u l t s  o f  t h i s  study i n d i c a t e  t h a t  
HMdU i s  present i n  DNA o f  unt reated c e l l s  and animals. The 
i n v e s t i g a t i o n  o f  p o t e n t i a l  sources o f  HMdU i n  DNA such as o x i d a t i v e  
damage o f  c e l l s  and animals i s  warranted. Furthermore, spontaneously 
occu r r i ng  HMdU i n  DNA should be a n t i c i p a t e d  i n  f u t u r e  s tud ies  on t h e  
e f f i c a c y  and t o x i c i t y  o f  HMdU i n  cancer chemotherapy. 
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