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1. Introduction 

The nuclei of eukaryotic cells contain the enzyme 

poly(ADP-ribose) polymerase which converts NAD 
into poly(ADP-ribose) with the elimination of nicotin- 

amide [1,2]. 
Several reports suggest that poly(ADP-ribose) poly- 

merase is involved in the regulation of eukaryotic 
DNA synthesis and in the DNA repair mechanisms 
(reviewed [3-S]). A higher poly(ADP-ribose) poly- 
merase activity in leukemic leukocytes than in lym- 
phocytes from normal donors was observed [6,7]. 
Similarly, in human and pig lymphocytes, the activity 
of poly(ADP-ribose) polymerase increased together 
with DNA synthesis, induced by phytohemagglutinin 
PHA [7,8]. Finally, an increase in poly(ADP-ribose) 
polymerase activity in parallel to cellular NAD 
decrease after treatment of cells with DNA-damaging 
agents was reported [9,10]. It is of interest to define 
whether the well-known decrease in NAD content of 
proliferating tumoral cells is also correlated with an 
increase in poly(ADP-ribose) polymerase activity and 
whether changes in poly(ADP-ribose) polymerase 
activity correlate with cell proliferation. Nicotinamide 
at high concentrations, is a well-known competitive 
inhibitor of poly(ADP-ribose) polymerase [ 11 ,I 21. 
This study was undertaken in order to determine 
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whether nicotinamide added at various concentra- 
tions to the culture medium of PHA-stimulated human 

lymphocytes will affect poly(ADP-ribose) polymerase 

activity, DNA synthesis as well as cell proliferation. 

2. Materials and mefhods 

Lymphoprep was obtained from Nyegard (Oslo). 
Purified phytohemagglutinin HA1 6 (PHA) was pur- 

chased from Wellcome Research (Beckenham, Kent) 
and nicotinamide from Merck (Darmstadt). Eagle’s 
basal medium from Eurobio (France) and fetal calf 

serum were obtained from Gibco (Paisley). [ 14C] - 
Thymidine (spec. act. 53 mCi/mmol), [3H]uridine 
(spec. act. 10 Ci/mmol), [adenine 2,8-3H]NAD’ 
(spec. act. 2.96 Ci/mmol), Protosol, Econofluor and 
Omnifluor were purchased from New England Nuclear 
(Boston, MA). Non-labeled NAD’ was from Sigma 
Chemical Co. (St Louis, MO). All other chemicals 
were of analytical grade and were purchased either 
from Prolabo (France) or from Merck (Darmstadt). 

2.1 . Cell preparation 

Human peripheral small lymphocytes were isolated 
from blood of normal donors by density gradient 
centrifugation using lymphoprep. The method used 
was slightly modified from [ 131. Briefly: 5 ml blood, 
diluted with an equal volume of PBS (saline phos- 
phate buffer, pH 7) were layered onto 4 ml lympho- 
prep in a 16 X 125 mm plastic culture tube (Corning). 
The separation of cells was achieved by centrifugation 
for 15 min at 400 X g. The lymphocytes were obtained 
from the plasma/lymphoprep interface and washed 
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with PBS. In this prep~ation the lymphocytes were 
recovered in 90-100% yield, constituted 9.5-98% 
of the cells, and were 98% viabilety as shown by the 
trypan blue-exclusion test. 

2.2. Evaluation of RNA and DNA synthesis 
Viable cells (5 X 1 05) were resuspended in 16 X 125 

mm plastic culture tubes (Corning) containing 5 ml 
Eagle’s minimum medium supplemented with 20% 
fetal calf serum. After addition of 1 Kg/ml phyto- 
hemagglutinin, the cultures were incubated at 37°C 
in a humidi~ed atmosphere of 5% COZ and 95% air, 
in the absence or presence of different concentrations 
of nicotinamide. At appropriate time intervals after 
the addition of the mitogen (6,10,24,30,48,60,72 
and 96 h), cells were assayed for DNA and RNA syn- 
thesis by a 1 h pulse with [ 14C] thymidine (0.1 pCi/ml) 
and [3H]uridine (1 /.&i/ml), respectively. The cells 
were centrifuged, washed with PBS, precipitated with 
ice-cold 10% trichloroa~eti~ acid and collected on glass 
fiber filters (GF/C, Whatman). All filters were washed 
with 15 ml trichloroacetic acid, transferred to scintil- 
lation vials and dissolved at 60°C in 0.5 ml Protosol; 
10 ml of Econofluor were added and the radioactivity 
measured in a scintillation spectrometer. For control 
experiments, the incorporation of [r4C]thymidine 
and [3H]uridine was determined in parallel in 
unstimulated cultures with or without nicotinamide. 
Results are expressed as cpm . h-r . lo6 viable cells-‘. 

2.3. Assays of po~y(ADP-~bose~ po~y~erase 
Cell pellets were suspended at 2 X 10’ cells/ml 

and treated in a permeabilizing buffer as in [ 141. 
Poly(ADP-ribose) polymerase activity was measured 
by the incorporation of radioactivity into acid insol- 
uble material using ]adenine-H3]NAD+ as substrate. 
The incubation mixture contained 0.1 M Tris-HCl 
buffer (pH 7.9) 8 mM Mr.& 0.4 mM dithiothreitol, 
20% glycerol, 30 ~1 inactivated calf thymus chromatin 
solution (7 pug DNA, 13 fig protein) ]lS], 10 nmol 
[adenine-3H]NAD+ (50 000 cpm) and 2 X lo6 per- 
meabilized cells in 135 ~1 final vol. The incubation 
was performed at 25*C for 5 min and was stopped by 
addition of 2 ml 10% trichloroacetic acid containing 
0.02 M sodium pyrophosphate and 0.1 ml 1% bovine 
serum albumin. After 30 mm at O”C, the precipitate 
was collected on a Whatman GFjB glass fiber paper 
and washed 4 times with 10 ml ice-cold 5% trichloro- 
acetic acid containing 0.02 M sodium pyrophosphate, 
and once with 4 ml ethanol-ether (1: 1, v/v) solution. 
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After drying (30 min, 100°C) the filter was counted 
in a Intertechnique spectrometer SL 40. The scintilla- 
tion fluid used was 10 ml 0.4% Omnifluor in toluene. 
Under our experimental conditions the counting effi- 
ciency was constant (26%). In all cases activities were 
measured under conditions of proportionality of 
enzyme activity with time or enzyme protein. The 
enzyme assays were always performed in triplicate. 
Results are given as mean + SD. One unit of enzyme 
was defined as the amount of 1 pmol [adenine-3H]- 
ADP-ribose incorporated into acid insoluble product 
per 5 min at 25°C under the described conditions. 
The specific activity is expressed as units per 1 O6 cells. 

3. Results 

Under our culture conditions human lymphoid 
cells respond optimally to 1 c(g PHA/ml as tested by 
DNA synthesis (fig.1). After the addition of the 
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Fig.1. 13H]Thymidine incorporation in human lymphocytes 
treated with increasing doses of PHA. DNA synthesis was 
determined 72 h after the addition of the mitogen. Results 
are given as the mean t SE of 4 expt. 



Volume 120, number 1 FEBS LETTERS October 1980 

’ 20 
i 

\ 

L 
” 

a 10 

J.. If L . 

SO 100 0 so 100 

TIME (HOURSI 

Fig.2. Effect of nicotinamide on [‘Hluridine (A) and [“Cl- 
thymidine (B) incorporation rates. Control (+--+); in 
1 pg/ml PHA-treated lymphocytes in the absence (e-e) or 
in the presence of nicotinamide at different concentrations: 
0.1 mM @---a), 0.5 mM (o---o), 5 mM (A-A) and 
10 mM (m-m). At appropriate intervals, cells were assayed 
for RNA and DNA synthesis. Results are given as the mean f 
SE of 4 expt. 

mitogen to human lymphocytes in culture medium 
(fig.2) RNA and DNA synthesis reach a maximum at 
60 and 72 h, respectively and the number of cells 
doubles after 120 h (fig.3). Addition at the onset of 
the culture, of 0.1 and 0.5 mM nicotinamide to 
optimally PHA-stimulated lymphocytes, led to 60% 
and 40% enhancements of DNA synthesis at 72 h, 
respectively, as determined by [14C] thymidine incor- 
poration (tig.2B). However, when nicotinamide was 
increased up to 10 mM, a marked inhibition of the 

mitogeninduced DNA synthesis was noted, during all 
the cultivation period (fig.2B). Similar stimulatory 
and inhibitory effects of nicotinamide at low and 
high concentrations respectively, were also observed 
on RNA synthesis as determined by [3H]uridine 
incorporation (fig.2A). Furthermore, the PHA-induced 
increase of the number of lymphocytes was enhanced 

by 0.1 mM nicotinamide, whereas it was abolished by 
10 mM nicotinamide (fig.3). 

Poly(ADP-ribose) polymerase activity was mea- 
sured at 24,48,72 and 96 h of culture in control and 
PHA-stimulated cells cultured in the presence or 
absence of nicotinamide (table 1). In cells treated 
exclusively with PHA, there is an increase of poly- 
(ADP-ribose) polymerase activity at 48 h which is sig- 

SO 100 Ii0 
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Fig.3. Effect of nicotinamide on the doubling of PHA- 
stimulated lymphocytes. Lymphocytes were cultured with 
no addition (+--+), 1 pg PHA/ml in the absence (e---o) 
or presence of 0.1 mM (o---o) or 10 mM (A-A) nicotin- 
amide. At appropriate intervals, cells were counted and their 
viability evaluated by the trypan blue-exclusion test. Results 
expressed as lo6 cells/ml are the mean + SE of 3 expt. 

nificantly higher at 72 h and decreases slightly at 96 h. 
When cultured in the presence of PHA and 0.1 mM 
nicotinamide, there are no significant differences in 
poly(ADP-ribose) polymerase activity of PHA-treated 

cells, except at 96 h where the enzymatic activity is 
slightly higher. Finally, when cultured in the presence 
of PHA and 10 mM nicotinamide, the stimulation of 
the poly(ADP-ribose) polymerase activity by PHA is 
abolished, and the values are similar to the activity in 
control cells which were cultured with 10 mM nicotin- 
amide in the absence of PHA. 

It is noteworthy that poly(ADP-ribose) polymerase 
activity in control cells measured in our incubation 
conditions that is after removal of nicotinamide does 
not vary although high nicotinamide concentrations 
were present before in the culture medium. Moreover, 
nicotinamide present in the culture medium did not 
alter cell viability, as determined by the trypan blue- 
exclusion test, nor did it affect [r4C]thymidine and 
[3H]uridine incorporation when added to the culture 
medium in the absence of PHA. 

4. Discussion 

When DNA synthesis in control and PHA-stimulated 
normal human lymphocytes is compared, a low level 
of thymidine incorporation is found in control cells, 
while PHA-stimulated cells demonstrate a characteris- 
tic increase in DNA and RNA synthesis at 72 and 
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Table 1 
Effect of PHA and of nicotinamide on poly(ADP-ribose) polymerase activity in cultured 

human lymphocytes (ADPR incorporated in lo6 PHA stimulated cells/ADPR incorporated 
in 1 O6 control cells) 

Nicotinamide in 
culture medium 

Time of culture 

24h 48h 72h 96 h 

- 

0.1 mM 

10 mM 

0.84 _+ 0.16 
(n = 5) 

0.61 f 0.27 
(n =4) 

1 .I5 f 0.36 
(n = 4) 

2.34 * 1.3b 
(n = 5) 

1.42 rt 0.44b 
(n = 4) 

0.97 c 0.23 
(n =4) 

5.17 * 1.62a>b 
(n=4) 

5.17 f 1.87a,b 
(n = 4) 

1.5 * osc 
(n= 3) 

4.37 + 1.64a 
(n = 4) 

6.72 i 1.02a 
(?I = 4) 

1.96 f 0.63c 
(n = 4) 

a Corresponds to significant differences as evaluated by Student-Fisher test between PHA 
and control cells 

b Corresponds to significant differences as evaluated by Student-Fisher test between 24 h 
and 48 h PHA-stimulated cells or between 48 h and 72 h PHA-stimulated cells 

c Corresponds to significant differences as evaluated by Student-Fisher test between PHA- 
and PHA + nicotinamide-treated cells for a given time 

Results are arithmetic mean ratios * SD from n determinations 

60 h, respectively and a subsequent decrease to almost 
initial values. In parallel the poly(ADP-ribose) poly- 
merase activity increases strongly until 72 h and 
remains relatively high at 96 h. 

In the presence of 0.1 mM nicotinamide there is 
no significant change in poly(ADP-ribose) polymerase 
activity, although at this concentration, nicotinamide 
produces an additional stimulation of both DNA and 
RNA synthesis. The absence of correlation between 

cellular DNA, RNA synthesis and poly(~P-ribose) 
polymerase activity under the effect of 0.1 mM nico- 

tinamide measured in cell homogenates does not 
exclude a change in the activity of the enzyme in vivo 
due to the well-known increase of the substrate NAD, 
by a low concentration of nicotinamide [ 161. 

A high concentration of nicotinamide in culture 
medium reduces poly(ADP-ribose) poiymerase activity 
of PHA-stim~ated cells as well as cell proliferation 
and DNA synthesis. These results are in agreement 
with those in [ 17f where inhibition of poly(ADP- 
ribose) synthesis by 20 mM nicotinamide during the 
S-phase was accompanied by an inhibition of the 
DNA synthesis in synchronized mouse L-cells. Thus, 
it seems very likely that inhibition of poly(ADP- 
ribose) polymerase by a high concentration of nicotin- 
amide is involved in the blockage of the response of 
lymphocytes to PHA. 

The authors wish to thank Professor J. Kempf for 
his interest in this work and Mr J. L. Toussaint for his 
excellent technical assistance. 
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