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SYNOPSIS 

The effects of D-penicillamine and levamisole on the in vitro 
response of human lymphocytes to two known mitogens, phyto- 
haemagglutinin (PHA) and pokeweed mitogen (PWM), were 
investigated. The effects observed were both dose -dependent 
and time -dependent. D-penicillamine (42-84 ug/ml) and 
levamisole (02-20 ug/ml) enhanced the mitogenic response. Both 
compounds were suppressive at higher doses. These effects 
were most clearly seen at 96 hours of culture with PHA and at 
120 hours with PWM and was also more obvious with PWM as the 
mitogen. Neither compound had any effect in the absence of 
mitogen. Lymphocytes from patients with rheumatoid arthritis 
were also studied. Lymphocytes from patients who did not 
respond or responded poorly to Dpenicillamine therapy showed a 

similar effect of Dpenicillamine as that observed with normal 
lymphocytes. Patients who responded well to therapy showed a 

greatly reduced PHA response and little effect of Dpenicillamine 
in vitro. The significance and importance of these findings are 
discussed. 

INTRODUCTION 

Both D-penicillamine and levamisole are immuno-modulating 
drugs which have recently been used successfully in the treat- 
ment of various autoimmune diseases such as rheumatoid 
arthritis (1, 2, 3) and systemic lupus erythematosus (4, 5). 
Although both these agents have been shown to potentiate 
immune responses (6, 7) other studies have failed to show any 
effect of the drugs (8, 9) and their exact mechanism of action 
remain unknown. Considering the complexity and multivariable 
aspects of in vivo systems, the use of in vitro methods seems 
appropriate in studies designed to investigate the effects of 
immuno-modulating agents on cells of the immune system. The 
purpose of the present study was to define more accurately the 
dose -response and time effects of D-penicillamine and levami - 
sole on cell -mediated immunity in vitro as assessed by human 
lymphocyte blastogenic responses to known mitogens. 

MATERIALS AND METHODS 

Donors and patients. Blood samples were obtained from normal 
healthy donors attending the Blood Bank, University Hospital. 
Blood was also obtained from patients with rheumatoid arthritis 
which was diagnosed according to standard criteria of the 
American Rheumatism Association (10). 

Blood collection. 4-5 mis of blood was collected into sterile 
glass tubes containing 0.2 ml of sterile 10% EDTA and agitated 
immediately to prevent clotting. 
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Lymphocyte isolation. Peripheral blood lympho- 
cytes were isolated by the method of Boyum (11). 

Diluted blood (4 ml blood and 4 ml balanced salt 
solution, BSS) was gently layered on to 3 ml of Ficoll- 
Paque (Pharmacia Fine Chemicals, Uppsala, Sweden) 
in siliconised glass tubes. The tubes were then spun 
at 400 g (MSE bench centrifuge) for 25 minutes at 
room temperature. After removing the upper layer of 
plasma the mononuclear cell layer at the interface 
was harvested with a clean pasteur pipette and 
washed 3 times with BSS. The lymphocytes were re- 

suspended in BSS and a sample taken and counted in 
a Neubaucer counter. Viability was determined by 
trypan blue exclusion. 

Lymphocyte culture. Human lymphocytes were 
cultured in vitro with D-penicillamine and levamisole 
(both from Sigma Chem. Co., St. Louis, Mo., U.S.A.) in 
the presence and absence of two mitogens, phyto- 
haemagglutinin (PHA) (Wellcome Laboratories, 
Beckenham, England) and pokeweed mitogen (PWM) 
(Grand Island Biological Co., New York, U.S.A.). 
Cultures were carried out in 96 -well, round -bottomed 
tissue culture plates (Linbro Scientific, Conn, U.S.A.) 
in RPMI-1640 culture medium (Flow Laboratories, 
Virginia, U.S.A.) containing 10% foetal calf serum and 
antibiotics. Lymphocytes were cultured for various 
periods of time at a concentration of 105 cells/well in a 

5-10% CO2 in air atmosphere at 37°C. Approximately 
16 hours before harvesting of cultures 1 uCi of 
3H -thymidine (Radio -chemical Centre, Amersham) was 
added to each well. The contents of the culture wells 
were harvested on to glass fibre discs using an auto- 
matic cell harvester (Dynatech Co., U.K.). Discs were 
dried overnight at 37°C and then counted in a liquid 
scintillation counter (Packard Tri Garb, U.S.A.). 

Analysis of data. 3H -thymidine incorporation was 
expressed as mean counts per minute (CPM) for tri- 
plicate cultures. Standard errors of the mean were 
also determined. 

RESULTS 

The effects of D-penicillamine on normal human 
lymphocytes stimulated with phytohaemagglutinin 
(PHA) is depicted on Fig. 1. A dose and time -dependent 
effect was observed with stimulation of the lympho- 
cyte response at 84 ug/ml and suppression with doses 
of 210-240 ug/ml (Fig. 1). These effects were more 
obvious after 96 hrs of culture (Fig. 1). With pokeweed 
mitogen (PWM), significant enhancement of response 
was noted with doses of 8.4-84 ug/ml whereas 
suppression was seen at concentrations of 420-840 
ug/ml (Fig. 2). These effects were only seen at 120 
hours of culture prior to which the drug had little 
effect or was even suppressive (at 96 hours) (Fig. 2). 
Effect of levamisole on PHA -stimulated lymphocytes 
is shown on Fig. 2. Stimulation of response was noted 
at 72 hrs with doses of 0.2 to 20 ug/ml while doses of 
200 and 2000 ug/ml were strongly suppressive 
especially at 96 hours (Fig. 3). With PWM, significant 
stimulation was observed with doses between 0.2 - 
200 ug/ml levamisole while suppression was noted 
with a dose of 2000 ug/ml (Fig. 4). As with D-penicilla- 
mine (see Fig. 2), these effects of levamisole were best 
seen at 120 hours of culture (Fig. 4). The effect of 
D-penicillamine on the PHA response of lymphocytes 
from 6 patients with rheumatoid arthritis was also 
studied. It was noted that lymphocytes from two 
patients who did not respond or responded only 
moderately to D-penicillamine therapy showed a 
similar effect of D-penicillamine as normal lympho- 
cytes (Fig. 5) ie. stimulation with a dose of 84 ug/ml 
and suppression at higher doses of 420 ug/ml. 
Interestingly, it was also observed that lymphocytes 
from two other patients who were good responders to 
D-penicillamine therapy showed a greatly reduced 
PHA response and only a slight effect of D-penicilla- 
mine at the various doses tested (Fig. 5). It should also 
be pointed out that neither D-penicillamine nor 
levamisole alone (at various doses) had any effect on 
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Figure 1. Effect of D-penicillamine on human lymphocytes stimulated with phytohaemagglutinin (PHA). Lymphocytes 
were cultured with various concentrations of 0-penicillamine and PHA at a final dilution of 1 in 250 (36 ug/ml) and 
harvested at various times after commencement of culture. 
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Figure 2. Effect of D-penicillamine on human lymphocytes 
stimulated with pokeweed mitogen (PWM). Lymphocytes 
were cultured with various concentrations of D-penicillamine 
and PWM at a final dilution of 1 in 10(20 ug/ml) and harvested 
at various times after commencement of culture. 
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Figure 3. Effect of levamisole on human lymphocytes 
stimulated with phytohaemagglutinin (PHA). Lymphocytes 
were cultured with various concentrations of levamisole and 
PHA at a final dilution of 1 in 250 (36 ug/ml) and harvested at 
various times after commencement of culture. 

human lymphocytes in the absence of PHA or PWM 
(results not shown). 

DISCUSSION 

Results presented in this study clearly show that both 
D-penicillamine and levamisole affected human 
lymphocyte responses to mitogens in a manner which 
was both dose -dependent and time -dependent. With 
D-penicillamine, enhancement of lymphocyte res- 
ponses was observed with doses between 42-84 ug/ml 
and suppression at higher doses of > 210 ug/ml. 
Levamisole also enhanced the response in the dose 
range 0.2-20 ug/ml and was suppressive at doses of 
> 200 ug/ml. The enhancing effect of both drugs seem 
to be more obvious with PWM as the mitogen rather 
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Figure 4. Effect of levamisole on human lymphocytes 
stimulated with pokeweed mitogen (PWM). Lymphocytes 
were cultured with various concentrations of levamisole and 
PWM at a final dilution of 1 in 10 (20 ug/ml) and harvested at 
various times after commencement of culture. 
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Figure 5. Effect of D-penicillamine on human lymphocytes 
rom patients with rheumatoid arthritis stimulated with 

phytohaemagglutinin (PHA). Lymphocytes were cultured 
with various concentrations of D-penicillamine and PHA at a 

final dilution.of 1 in 250 (36 ug/ml). Cultures were harvested 
after96 hours. 

than PHA. The effects noted with both -drugs were also 
most clearly seen at 120 hours of culture with PWM 
and at 96 hours with PHA. At 96 hours of culture with 
PWM, for example all doses tested were suppressive. 
As mentioned before, neither drug alone had any 
stimulatory activity. 

82 



VOLUME 24, No. 2 APRIL 1982 

The results presented are in general agreement 
with those obtained by other investigators. Maini and 
Roffe (12) showed enhancement of lymphocyte 
responses in vitro at lower concentrations of D-peni- 
cillamine and Roath and Wills (13) reported 
suppression with doses of 200-1000 ug/ml. With 
levamisole, augmentation of lymphocyte responses 
was observed at various concentrations and 
suppression once again noted with the higher doses 
(14-16). Many of these earlier studies, however, looked 
at the effects of D-penicillamine and levamisole at one 
time point only. As pointed out previously (17) failure 
to take account of the time -course of the response can 
lead to erroneous conclusions regarding the proper- 
ties of these compounds, as expressed towards 
stimulated lymphocytes. For example, D-penicilla- 
mine has been attributed with an entirely immuno- 
suppressive role (13). Our finding that augmentation of 
the response was more marked with PWM was also 
noted bq Sampson and Lui (18). This may be a reflec- 
tion of the fact that PWM stimulates both T and B 

lymphocytes whereas PHA is mainly a T cell mitogen. 
However, a more likely explanation for this observa- 
tion is the fact that the overall magnitude of the 
response to PHA is much stronger than that to PWM. 
Because of this high 'background' of PHA stimulation, 
any enhancement of the response would be less 
apparent when compared to PWM stimulation where 
the base -level response to the mitogen alone is appro- 
ximately only one-third of that observed with PHA. 
Also in agreement with previous findings (14-17) was 
our observation that both agents had no effect in vitro 
in the absence of mitogen ie. they were non-mitogenic 
by themselves. 

In relation to the PHA response of lymphocytes 
from patients with rheumatoid arthritis it was noted 
that the response was depressed, marginally 
depressed or slightly elevated (see Fig. 5). Consistent 
with this finding is the suggestion that in these 
patients both hypo- and hyper -reactive lymphocyte 
populations are present (19). In relation to the effects 
of D-penicillamine we noted that patients who 
responded well to D-penicillamine therapy showed 
markedly depressed PHA responses. It is probable 
that this is due to the fact that the lymphocytes in 
these patients have already been pre -stimulated by 
the drug in vivo and consequently fail to give a good 
response in vitro to a potent mitogen such as PHA. 
Moreover, their pre -exposure to the drug in vivo makes 
them less sensitive to penicillamine stimulation. 
Conversely, lymphocytes from poor or moderate 
responders to D-penicillamine therapy are presumably 
non -stimulated and can thus respond to PHA in vitro. 
In contrast to the poor in vivo response, lymphocytes 
from two of these patients showed enhancement by 
D-penicillamine in vitro after PHA stimulation. The 
reason for this is not clear but may be related to 
differences in metabolism of the drug under in vivo 
and in vitro conditions. 

The exact mode of action of D-penicillamine and 
levamisole remains largely unknown. In relation to the 
present in vitro study, it has been suggested that 
D-penicillamine may affect the lymphocyte 
membrane, resulting in increased receptor affinity for 

the mitogen and enhanced response (6). Other possibi- 
lities, however, should be kept in mind e.g. stimulation 
of macrophage function, direct metabolic effects as a 

result of drug entry into the cell and non-specific 
'conditioning' of the culture media thus facilitating a 

more optimal response to mitogens. On the other 
hand, the suppressive effect at higher doses of D-peni- 
cillamine may be due to non-specific interference with 
binding of mitogen (6). It is not due to toxic effects as 
a check on lymphocyte viability at these high doses 
revealed a viability of 95%. The in vitro effect of 
levamisole on lymphocytes is thought to involve a 

depression of intracellular cAMP levels which in turn 
causes a lowered threshold of responsiveness to 
stimuli (7, 20). In relation to its suppressive effects at 
the higher doses, cytotoxicity was observed in the 
present study at levamisole concentrations of > 200 
ug/ml. 

It is also important to point out that the exact signi- 
ficance of these in vitro results in relation to the in 

vivo effects of the drugs is not clear. We may, how- 
ever, infer from the pharmacokinetic properties of 
D-penicillamine (21) that it is the stimulatory concen- 
trations which are attained under in vivo conditions. 
Clearly many questions remain unanswered and other 
areas of investigations need to be pursued e.g. effect 
of these compounds on the phagocyte system and on 
functional T cell subsets (e.g. helper, suppressor), the 
role of lymphokines and the presence of specific drug 
receptors on the lymphocyte membrane. These inves- 
tigations are currently being pursued in our laboratory. 
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