
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Detection of Drug-Induced DNA Hypermethylation in Human Tumor
Cells Exposed to Cancer Chemotherapy Agents
J. Nycea; D. Mylotta; S. Leonarda; L. Willisa; A. Katariaa

a Department of Pharmacology, School of Medicine, East Carolina University, Greenville, North
Carolina

To cite this Article Nyce, J. , Mylott, D. , Leonard, S. , Willis, L. and Kataria, A.(1989) 'Detection of Drug-Induced DNA
Hypermethylation in Human Tumor Cells Exposed to Cancer Chemotherapy Agents', Journal of Liquid
Chromatography & Related Technologies, 12: 8, 1313 — 1321
To link to this Article: DOI: 10.1080/01483918908049508
URL: http://dx.doi.org/10.1080/01483918908049508

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918908049508
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 12(8), 1313-1321 (1989) 

DETECTION OF DRUG-INDUCED 
DNA HYPERMETHYLATION IN 

H U M A N  TUMOR CELLS EXPOSED 
T O  CANCER CHEMOTHERAPY 

AGENTS 

J.  NYCE, D. MYLOTT, S. LEONARD, 
L.  WILLIS A N D  A. KATARIA 
Depnrtnierit o /  Pkarniacology 

School of Medicine 
East Cnrolirin Uriiversity 

Greerwille, North Cnroliria 27858 

ABSTRACT 

A method i s  described f o r  t h e  q u a n t i t a t i v e  ana lys is  o f  drug- 
induced DNA hypermethylat ion i n  human tumor c e l l s  exposed i n  v i v o  
o r  i n  v i t r o  t o  DNA syn thes i s - i nh ib i t i ng  l e v e l s  o f  cancer chemo- 
therapy agents. The method r e l i e s  upon i s o c r a t i c  separat ion o f  
formic ac id  hydrolysates o f  DNA using an Aminex A-9 column con- 
verted t o  the  ca t i on  form. 
o f  u r i d i n e  o r  deoxycyt id ine labeled s p e c i f i c a l l y  i n  t h e  6-posi-  
t i o n ,  t h e  method i s  sens i t i ve  i n  the  picomolar range f o r  5-methyl- 
cytosine, and i s  s p e c i f i c  f o r  t h e  de tec t ion  o f  cytosines methylat-  
ed du r ing  the  per iod  o f  drug-induced DNA synthesis i n h i b i t i o n .  
The method can be used t o  quan t i t a te  DNA hypermethylat ion occur- 
r i n g  i n  p a t i e n t  bone marrow o r  per iphera l  blood specimens i n  v i v o  
dur ing  chemotherapy. 

When combined w i t h  p re- incorpora t ion  

INTRODUCTION 

DNA methy la t ion  i s  an enzymatical ly mediated process i n  which 

s p e c i f i c  cytosines w i t h i n  newly polymerized DNA are methylated on 
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1314 NYCE ET AL.  

t he  5-carbon pos i t ion .  

w i t h i n  t h e  d inuc leo t ide  CpG and most CpGs i n  ver tebra te  DNA are 

methylated. Although de novo methy la t ion  o f  unmethyl ated double- 

stranded DNA i s  possible, most methy la t ion  reac t ions  appear t o  be 

o f  t he  "maintenance" type, i n  which mod i f i ca t i on  i n  t h e  newly 

synthesized strand occurs across from a methylated cy tos ine  w i t h i n  

the  parental  strand. I n  t h i s  way, pa t te rns  o f 'me thy la t i on  estab- 

l i s h e d  dur ing  embryogenesis can be maintained. There i s  a l a g  

between DNA synthesis and DNA methylat ion, and the  t r a n s i e n t  pre- 

sence o f  hemimethylated DNA w i t h i n  and behind rep1 i c a t i o n  fo rks  

(methylat ion as y e t  on l y  on the  parental  strand), i s  thought t o  

have b io log i ca l  importance (1). Furthermore, considerable e v i -  

dence suggests an important r o l e  f o r  DNA methy la t ion  as a c o n t r o l -  

l i n g  mechanism i n  gene expression (2). Thus, i n  general, methy- 

l a t e d  genes are no t  t ranscr ibed whereas unmethylated genes are  

t ranscr ibed. 

Host DNA methy la t ion  i n  vertebrates occurs 

We have prev ious ly  shown t h a t  exposure t o  DNA synthesis-  

i n h i  b i t i n g  l eve l s  o f  cancer chemotherapy agents produces a pro- 

found increase i n  leve ls  o f  DNA 5-methylcytosine (3 ,4 ) .  

ably, under condi t ions i n  which DNA synthesis i s  i nh ib i t ed ,  

methylase enzymes "catch up" t o  r e p l i c a t i o n  fo rks  and prevent the  

format ion o f  t r a n s i e n t l y  unmethylated daughter strand DNA. 

t inued i n h i b i t i o n  o f  DNA synthesis r e s u l t s  i n  hypermethylat ion 

w i t h i n  s t a l l e d  r e p l i c a t i o n  forks,  and such hypermethylat ion i s  

capable o f  reaching profound l e v e l s  (5). Because o f  t h e  p o t e n t i a l  

importance o f  drug-induced DNA hypermethyl a t i o n  occur r ing  du r ing  

Presum- 
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DRUG-INDUCED DNA HYPERMETHYLATION 1315 

exposure t o  DNA syn thes i s - i nh ib i t i ng  drugs, i nc lud ing  cancer chem- 

otherapy agents, a sens i t i ve  method f o r  de tec t i ng  hypermethylated 

DNA was developed. This method i s  described. 

MATERIALS 

A l l  drugs were obtained from the  SIGMA Chemical company ( S t .  

Loui s , MO) , and were used w i  t hcu t  f u r the r  p u r i  f i c a t i  on. 

grade solvents were obtained from A l d r i c h  (Milwaukee, W I ) .  

A-9 was obtained from BioRad labo ra to r ies  (Richmond, CA). Fe ta l  

Ca l f  serum was obtained from t h e  Lineberger Cancer Center (Chapel 

H i l l ,  NC), and was heat i nac t i va ted  a t  60 degrees C f o r  30 min- 

utes. A l l  t i s s u e  c u l t u r e  media and supplements were obtained from 

G I B C O  (Grand Is land, NY). 

Reagent 

Aminex 

Column Preparation 

The Aminex A-9 r e s i n  (Bio-Rad) was converted t o  t h e  ca t i on  

form and s l u r r i e d  i n  0.2 M ammonium acetate, pH 5.5, and t h e  250 X 

4 mm s ta in less  s tee l  column packed and checked using t h i s  same 

bu f fe r .  Guard columns (30 X 4 mm) were packed using t h i s  same 

r e s i n  and bu f fe r ,  and inser ted  i n t o  a standard c a r t r i d g e  holder. 

Sample Preparation 

CCRF/CEM human acute lymphoblast ic leukemia c e l l s  (ATTC, 

Rockv i l le ,  MD) were grown i n  suspension i n  T-75 t i s s u e  c u l t u r e  

f l asks  a t  a concentrat ion o f  0.25 m i l l i o n  per m l  i n  RPMI media 

supplemented w i t h  10% f e t a l  c a l f  serum. Incubat ions were perform- 
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1316 NYCE ET AL. 

ed in a water-jacketed C02 incubator (5.0%) maintained at 37 

degrees C in a humidified atmosphere (93%). Twenty-four hours 

after inoculation, media was changed and cisplatinum was added at 

the indicated concentrations. 

drug, 10 uCi/ml 6-[JHI-deoxycytidine or 6-[3H]-uridine (Moravek 

Biochemicals, Brea, CA) was added. Cultures were harvested 24 

hours later. For estimation of DNA synthesis rates, parallel 

cultures were exposed to 0.5 uCi/ml [3H]-thymidine in place of 

labeled uridine or deoxycytidine for 24 hours under identical 

treatment conditions. Nanomoles newly incorporated thymidine 

(hot) per mol total thymidine (hot plus cold as quantitated from a 

standard curve generated for thymidine absorption at 254 nm) were 

then calculated for each treatment point. 

Immediately following addition of 

Patient samples, consisting of either peripheral blood or 

bone marrow, were collected into heparinized evacuated tubes at 

specific times before, during and after treatment and the red cell 

fraction was allowed to settle at unit gravity for 20 minutes. 

The upper serum fraction containing most of the tumor specimen and 

remaining white cell fraction was carefully removed and 1.0 ml 

aliquots were placed into 30 mm tissue culture dishes containing 

10 uCi/ml 6-[3H]-deoxycytidine. This technique permitted drug 

concentrations within patient serum to be retained during the 

period of 6-[3H]-deoxycytidine labeling and formation of hyper- 

methylated DNA. 

in a manner analagous to that for CCRF/CEM cells. 

Samples were subsequently prepared for analysis 
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DRUG-INDUCED DNA HYPERMETHYLATION 1317 

DNA Hydrolysis 

DNA was prepared essentially according to the method of Jones 

Hydrolysis was carried out in 60 mm culture tubes and Taylor (6). 

with PFTE seals at 180 degrees centigrade for 40 minutes in 88% 

formic acid. Formic acid was removed under a purified nitrogen 

stream following temperature reduction of hydrolyzed samples to - 
20 degrees C to minimize pressurization. Hydrolysates (100 micro- 

gram samples) were taken up in 100 microliters of 0.1 M HCl and 

injected directly into the loading port of a Waters or Bio-Rad 

HPLC system. 

HPLC Conditions 

The column was operated under the following conditions: 

rate, 0.7 ml/minute; temperature, 60 degrees C maintained with a 

Bas LC-22A temperature controller; eluant, 0.2 M ammonium acetate, 

pH 5.5, purged; operating pressure, 1500 psi. An ISCO model 2150 

Peak separator was used to select cytosine and 5-methylcytosine UV 

absorption peaks (254 nm for cytosine and 280 nm for 5-methylcyto- 

sine, using a Waters model 440 absorption detector or Bio-Rad 

model 2100 UV/V IS  monitor) and fractions were collected at 30 

second intervals commencing with the cytosine signal using a 

Haake-Buchl er LC-100 fraction col 1 ector. Liqui scint (National 

Diagnostics), 5.0 ml, was added and samples were quantitated using 

a Packard TriCarb model 2200CA 1 iquid scintillation counter 

optimized for tritium. Results were calculated as the ratio of 

the radiolabeled fraction (dpm) coeluting with 5-methylcytosine to 

the fraction coeluting with total cytosines (5-methylcytosine plus 

Flow 
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FIGURE 1. Aminex A-9 Separation o f  Hydrolyzed DNA Bases. Formic 
acid-hydrolyzed DNA (100 ug i n  100 u l  o f  0.1 M HC1) was i n j e c t e d  
using a Waters U6K system. E l u t i o n  c h a r a c t e r i s t i c s  a re  descr ibed 
w i t h i n  t h e  tex t .  

cytosine).  Resolut ion o f  hydrolyzed DNA bases i s  depicted i n  

F igure  1. 

RESULTS 

Exposure o f  CCRF-CEM acute lymphoblast ic leukemia c e l l s  grown 

i n  t i s s u e  c u l t u r e  t o  cy to tox i c  concentrat ions o f  c i sp la t i num 

induced a s i g n i f i c a n t  hypermethylat ion o f  DNA as shown i n  Table 1. 

Th is  e f f e c t  was dose dependent. 

hypermethyl a t i o n  a t  inc reas ing  drug dosage a1 so co r re la ted  s t rong-  

l y  w i t h  c y t o t o x i c  response (data no t  shown). A bone marrow speci-  

men obtained from a p a t i e n t  w i t h  acute mye lob las t ic  leukemia 

obtained 24 hours a f t e r  t reatment w i t h  h igh  dose cy tos ine  arabino- 

s ide  (araC) and cu l tu red  i n  the  p a t i e n t ' s  own serum f o r  an add i -  

The ex ten t  o f  drug-induced DNA 
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DRUG-INDUCED DNA HYPERMETHYLATION 1319 

TABLE 1 

Cisplat inum-induced DNA Hypermethylat ion o f  CCRF/CEM Human 
Lymphoblastic Leukemia C e l l s  

Concentrat ion o f  5mC/5mC+C (% o f  Cont ro l )  % o f  Control  DNA 
c i sp la t i num (uM) Synthesis 

0.0 3.73 20.19 (100) 
1.0 3.92 k0.23 (105) 

10.0 5.95 20.61 (152) 
100.0 12.33 22.15 (330) 

100 +5 
74 28 
11 +9 
0.722 

CCRF/CEM c e l l s  were exposed t o  the  i nd i ca ted  concent ra t ions  o f  
c i sp la t i num f o r  24 hours, i n  the  presence o f  6- [3H]-deoxycyt id ine 
(10 uCi/ml), and DNA prepared f o r  ana lys is  as descr ibed w i t h i n  
the  t e x t .  For ana lys is  o f  DNA synthesis, p a r a l l e l  c u l t u r e s  were 
exposed t o  0.5 uCi/ml [3H]-thymidine f o r  24 hours. Resul ts 
represent th ree  experiments performed i n  t r i p 1  i c a t e ,  and are  
presented 2 standard e r r o r  o f  t h e  mean. 

TABLE 2 

Cytosine Arabinoside-induced DNA Hypermethyl a t i o n  Occurr ing I n  
I n  Bone Marrow Aspirates o f  a Pa t ien t  With Acute 

Myel obl  as t i c Leukemi a 

Treatment s ta tus  5mC/5mCtC (% o f  Cont ro l )  % Pretreatment 
DNA Synthesis 

Pretreatment 3.3 20.4 (100) 
Fo l low ing  HDAC 6.9 k1.7 (209) 

100 28 
9 +4 

Bone marrow asp i ra tes  were obtained 12 hours a f t e r  i n i t i a t i o n  o f  
h igh  dose cy tos ine  arabinoside (HDAC; 3grams/square meter) 
therapy. Pa t ien t  was a 21 year o l d  male w i t h  a diagnosis o f  
acute mye lob las t ic  leukemia. 
by cy to logy  t o  be >97% tumor b las ts .  
incubated i n  p a t i e n t ' s  own serum i n  the  presence o f  10 uCi/ml 6- 
[3H]-deoxycytidine f o r  24 hours, then processed as f o r  CCRF/CEM 
c e l l s .  Resul ts represent the  average o f  t h ree  samples processed 
i n d i v i d u a l l y ,  2 t h e  range. 

Bone marrow a s p i r a t e  was determined 
Leukemic c e l l s  were 
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1320 NYCE ET AL. 

t i o n a l  24 hours showed a s i m i l a r  DNA hypermethylat ion response, as 

ind ica ted  i n  Table 2. Although p a r a l l e l  experiments t o  quan t i t a te  

DNA synthesis i n h i b i t i o n  using [3H]-thymidine were n o t  poss ib le  i n  

t h i s  pa t ien t ,  previous work has shown t h a t  i nco rpo ra t i on  o f  6- 

[3H]-deoxycytidine i n t o  DNA cy tos ine  provides an es t imat ion  o f  DNA 

synthesis which agrees c l o s e l y  w i t h  t h a t  obtained using thymidine 

incorporat ion.  Using t h i s  parameter, araC-induced DNA hyper- 

methylat ion occur r ing  i n  the  i n  v i v o / i n  v i t r o  experiment repor ted  

here a lso  cor re la ted  c lose ly  w i t h  degree o f  DNA synthesis i n h i b i -  

t i o n .  

DISCUSSION 

Drug-induced DNA hypermethylat ion may have profound b i o l o g i  - 
ca l  consequences. 

t i o n a l l y  inac t iva ted ,  drug-induced DNA hypermethylat ion may be 

capable o f  s i l enc ing  a c t i v e  genes. 

such an event could i n i t i a t e  t h e  development o f  a d rug - res i s tan t  

c e l l  populat ion. For example, i n  order f o r  t h e  chemotherapeutic 

agent araC t o  be c y t o t o x i c  t o  leukemia c e l l s ,  i t  must be ac t i va ted  

by deoxycytidine kinase t o  i t s  t r iphosphate form, araCTP. 

araC i s  i t s e l f  capable o f  inducing DNA hypermethylat ion, 

occasional drug-induced hypermethy la t ion- inac t iva t ion  o f  t h e  

deoxycyt id ine kinase gene w i t h i n  a minor f r a c t i o n  o f  a tumor c e l l  

populat ion would c rea te  c lona l  populat ions r e f r a c t o r y  t o  f u r t h e r  

araC therapy. S im i la r  s i t u a t i o n s  can be envisioned f o r  o ther  

agents r e q u i r i n g  a c t i v a t i o n  t o  c y t o t o x i c  forms, e.g. , thioguanine 

Since methyl ated genes are usua l l y  t r a n s c r i  p- 

During cancer chemotherapy, 

Since 
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DRUG-INDUCED DNA HYPERMETHYLATION 1321 

(HPRT gene inactivation) , 3‘ -azido-2’ -di deoxycyt i dine (AZT; thymi - 
dine kinase gene inactivation), etc. 

of drug resistance suggests that hypermethylation induced by one 

drug may also produce resistance to other drugs by a similar gene 

inactivation mechanism. 

Furthermore, this mechanism 

The technique described here has been optimized for the 

detection of hypermethylated DNA in both established cell 1 ines 

and in fresh human leukemia specimens. 

which DNA synthesis is inhibited by greater than 99%, 5-methylcy- 

tosine levels can be quantitated accurately. 

permit the determination of the biological effects of drug-induced 

DNA hypermethylation, particularly with respect to such important 

clinical problems as the development of drug resistance during 

cancer chemotherapy. 

Even under conditions in 

This procedure may 
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