
1358 Short communications 

In view of the strong correlation between chemically in- 
duced cancer and mutagenicity by the corresponding com- 
pounds in the Salmonella test system, metabolites of N- 
hydroxy-2-AAF other than the sulfate ester may play a 
significant role in the carcinogenesis of N-hydroxy-2-AAF. 
At present, however, no conclusion about the relative car- 
cinogenicity of these metabolites can be drawn. 
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Effect of Levamisole on phytohemagglutinin-stimulated 
human lymphocytes* 

(Received 20 September 1976; accepted 12 November 1976) 

Levamisolet (1-tetramizole), a potent anthelminthic, has 
been shown to have immuno-stimulatory activity in ani- 
mals and man [l]. It is currently being investigated clini- 
cally in the treatment of neoplastic disease [2], rheumaloid 
arthritis [3], systemic lupus [4], and other disorders pre- 
sumed to be associated with impaired cellular immunity. 
Previous studies on the effect of Lcvamisole on lymphocyte 
transformation in uitro have produced conflicting results. 
Copeland et al. [S] found no stimulation of resting human 
lymphocytes in vitro by the drug, nor could they demon- 
strate either enhancement or inhibition of lymphocyte 
transformation by specific or non-specific mitogens; Pabst 
and Crawford [6] showed significantly greater responses 
in human lymphocytes to Candida afbicans, measles virus 
and purified protein derivative of Tubercle batik in the 
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presence of Levamisole. Wachi et al. [7] found suppression 
of RNA synthesis of human lymphocytes cultured with 
phytohem&glutinin (PI-IA) and Ldvamisole in 3-day cul- 
tures. but little or no effect on DNA synthesis. When these 
cultures were continued for 4 days, however, they reported 
a stimulatory effect on DNA synthesis. In order to further 
clarify the effects of Levamisole on human lymphocytes, 
studies were undertaken with both resting and phyto- 
hemagglutinin-stimulated normal and anergic lympho- 
cytes, and a normal cell line which has been maintained 
in continuous culture. 

Lymph~ytes were obtained from normal healthy volun- 
teers and a selected group of patients with diseases associ- 
ated with anergy, after consent was obtained. One of these 
patients was a 53-year-old male with severe rheumatoid 
arthritis, who had not received cytotoxic drugs or cortico- 
steroids, and from whom aspirin was withheld for 1 week 
prior to obtaining the cells [S]. There were two patients 
with Hodgkin’s disease, one was a 42-year-old male with 
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the lymphocyte depleted type, Stage II B, and the other 
was a 19-year-old female with the nodular sclerosis type, 
Stage III AS. Both patients were receiving radiotherapy at 
the time their lymphocytes were obtained, One patient, 
a 73-year-old male, had chronic lymphatic leukemia which 
had not required treatment. 

Blood was collected in vacutainer tubes containing 
357 USP units heparin/20 ml of blood. Lymphocytes were 
separated on ficoll-hypaque, washed twice with Hank’s 
balanced salt solution and cultured at a density of 
1.5 x lo6 cells/ml in RPM1 1640 supplemented with gluta- 
mine (2 mM), penicillin (100 units) and streptomycin 
(lOn~g/ml of culture) and 20% fetal calf serum. For studies 
of mitogen response, 2-ml cultures in triplicate were stimu- 
lated with l-7 pg phytohemagglutinin/ml of culture and 
incubated at 37” for 72 hr. Purified phytohemagglutinin 
(Burroughs Wellcome, North Carolina) was dissolved in 
Hank’s balanced salt solution and stored at -20”. Aliquots 
of the same lot were used for all the experiments. Levami- 
sole was dissolved in Hank’s balanced salt solution and 
was measured by incorporation of [3H]t~ym~d~ne (Amer- 
sham, 5 Ci/mmole), and 0.5 @i/ml of culture was added 
40 hr after phytohemagglutinin stimulation. Cultures were 
incubated for 20 hr at 37” and isotope incorporation was 
measured as previously described [9]. The synthesis of 
cellular protein and RNA was determined by the addition 
of 0.1 &Zi Ci4C]!eucine (Amersham, 350 pCi/mmole) and 
0.1 uCi ii4Cluridine (Amersham. 450 uCi/mmolel. resoect- 
iveiy, to-l.5 x IO6 cells. The incorporated ‘radioactivity was 
measured as above. A human lymphocyte cell line (Associ- 
ated Biomedic Systems, 4098. spontaneous transformation), 
was grown in suspension culture in RPM1 1640 supple- 
mented with glutamine, penicillin, streptomycin and 10% 
fetal calf serum. Cultures were washed with Hank’s 
balanced salt solution and suspended at a density of 
2.5 x 106cells/ml in the same medium. DNA, RNA and 
protein synthesis were determined. 

To study the effect of Levamisole on lymphocytes 
obtained from anergic patients, lymphocytes isolated from 
both normal and anergic patients were suspended in com- 
plete medium. Levamisole at a concentration of SOpg/ml 
of culture was added to one half of each culture and the 
other half was left untreated. All cultures were incubated 
at 37” for 45 min. At the termination of incubation, un- 
treated and Levamisole-treated cultures were again divided 
in half. One half was centrifuged, washed with Hank’s 
balanced salt solution and resuspended in the same 
medium, and the other half was not washed. All cultures 
were then stimulated with PHA and treated as above. 

Incubation with Levamisole for 72 hr at concentrations 
of 1925, 50, 100, 150 and 300 &ml of resting lymphocyte 
cultures had no effect on DNA synthesis. Similar concen- 
trations of Levamisole added to lymphocyte cultures 

Table 1. Effect of increasing concentrations of Levamisole 
on DNA synthesis in resting and PHA-stimulated 

lymphocytes 

Levamisole 
(pg/ml of 
culture) 

C3H]thymidine incorporation* 
(cpm/l x lo6 lymphocytes) 

Resting PHA-stimulated 

0 1100 11,000 
10 1000 9800 
25 1200 10,GOO 
50 Il.50 11.000 

loo 950 12;ooo 
150 1000 10,500 
300 900 9Otxl 

* Each figure represents the mean of triplicate deter- 
minations. 

Table 2. Effect of Levamisole on DNA synthesis with in- 
creasing concentrations of FHA 

PHA 
(&ml of 
culture) 

f3H]thymidine incorporation* 
Control (cpmil x 10 cells) 

Levamisole-treated 

1 5700 5400 
3 1t,OOO 10,500 
5 11,500 11,000 
7 10.000 9500 

*Results represent the mean of duplicate determina- 
tions. 

simultaneously with PHA also were without effect on 
DNA synthesis (Table 1). Levamisole incubated with rest- 
ing celis at the above concentrations for shorter periods, 
24 and 48 hr, did not alter DNA synthesis, and negative 
results were also obtained when the drug was added 24 
and 48 hr after phytohema~lutini~ stimulation. RNA and 
protein synthesis in both resting and p~ytohemaggluti~in” 
stimulated lymphocytes were unchanged by Levamisole at 
the above concentrations. When it was added at concen- 
trations of 500 pg/ml of cell culture, there was suppression 
of synthesis of these macromolecules, and in concen- 
trations above 1 mgjml of culture, the cells were no longer 
viable. The addition of increasing amounts of pliytohe- 
magglutinin (1, 3, 5 and 7 fig/ml) to cell cultures in the 
presence of 5Opg Levamisole/ml of culture neither 
enhanced nor inhibited DNA synthesis (Table 2). 

Incubation of Levamisole and phytohemagglutinin for 
72 hr with lymphocytes from the patients resulted in no 
change in DNA synthesis. When Levamisole-treated, and 
untreated, anergic lymphocytes were incubated for 45 min 
in complete medium, washed, and then stimulated with 
phytohema~lutinin, there was marked enhancement of 
DNA synthesis. This was not found in cells obtained from 
the normal subjects and the patient with chronic lymphatic 
leukemia (Table 3). 

Incubation with Levamisole for 3 hr and preincubation 
for 2, 4 and 24 hr, in concentrations of IO, 25, 50, 100, 
250 and 500,ugJml in a normal lymphocyte line (main- 
tained in continuous culture) resulted in no change in 
DNA, RNA or protein synthesis. Removal of the com- 
pound by centrifugation and washing before the addition 
of the isotopes did not alter the result. Levamisole at con- 
centrations above 1 mg/ml was cytotoxic. 

The results of this study show that Levamisole did not 
enhance DNA, RNA or protein synthesis in resting or phy- 
tohema~lutinin-stimulated normal human lymphocytes 
even when sub-optimal concentrations of phytohemagglu- 
tinin were employed. Synthesis of these macromolecules 
was inhibited only at high concentrations of the drug 
which approached cytotoxic levels. Similar results were 
also obtained with a spontaneously transformed human 
lymphocyte cell line. 

These findings are in agreement with the report of Cope- 
land et al. [S], but do not support the findings obtained 
by Pabst and Crawford [6] and Wachi et al. [?I. It seems 
unlikely that these differences could be due to variations 
in experimental design, since essentially the same methodo- 
logy was used in al! of the studies. The employment of 
different mitogens might account for some of the observed 
discrepancies. Wachi et aI. [7] used phytohemagglutinin 
and pokeweed. Pabst and Crawford [6] used C. aihicans, 
measles virus, and purified protein derivative of T. bacilli. 
and both of these- groups‘reported an enhancement of 
DNA synthesis by Levamisole. Coneland ef nl. F51 used 

c 4 

pokeweed, phytohemagglutinin, streptolysin-0, strepto- 
kinase-streptodornase and mixed lymphocyte reactions, 
and reported no enhancing effect on DNA synthesis in 
the presence of Levamisole with any of the above mitogens. 
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Table 3. Effect of Levamisole and phytohema~lutinin on DNA synthesis 

Lymphocytes 

Incubated 
without 

Levamisole 
+ PHA 

C3H]thymidine incorporation* 
(cpm/l x lo6 cells) 

Incubated Incubated 
with with 

Levamisole Levamisole 
+ PHA + PHA 

Incubated 
without 

Levamisole 
+ PHA 

Hodgkin’s (nodular sclerosis) 2600 2800 5200 5500 
Hodgkin’s (lymph~te depleted) 1700 1640 3200 3400 
Chronic lymphatic leukemia 3500 3200 3ooo 3300 
Severe rheumatoid arthritis 3200 3000 8000 8200 
Normal 11,000 10,850 10,700 11,000 

* Results represent the mean of triplicate determination. 

Since we employed phytohemagglutinin as the sole 
mitogen, our results are directly comparable only to the 
data obtained with phytohema~lutinin in the previously 
published studies. We have no explanation for the disparity 
between the positive results obtained with phytohemagglu- 
tinin and Levamisole by Wachi et al. [?I and the negative 
findings of Copeland et al. [S] atid ourselves. 

We studied the effect of phytohema~lutinin stimulation 
on anergic lymphocytes from two patients with Hodgkin’s 
disease, one with severe rheumatoid arthritis, and one with 
chronic lymphatic leukemia, and compared the response 
to that from lymphocytes obtained from normal subjects 
in the presence and absence of Levamisole. In none of 
these cuttures were we able to demonstrate any enhanced 
response to phytohemagglutinin stimulation after incu- 
bation with the drug for 72 hr, or when it was present 
for 45min prior to the addition of phytohemagglutinin. 
When incubation was followed by removal of the Levamis- 
ole by washing prior to phytohema~utinin stimulation, 
there was enhancement of DNA synthesis in the lympho- 
cytes obtained from the two patients with Hodgkin’s dis- 
ease and the patient with severe rheumatoid arthritis. To 
control the above experiments, lymphocytes from the same 
donors were incubated in medium without Levamisole, 
washed, and stimulated with phytohemagglutinin. This 
also resulted in an enhancement of the phytohemagglutinin 
response comparable in magnitude to that observed when 
Levamisole was present (Table 3). 

We conclude that with the exception of the leukemic 
cells, incubation of the anergic lymphocytes in culture 
medium in the presence or absence of Levamisole, when 
followed by washing, enhances DNA synthesis in response 
to phytohemagglutinin stimulation. This suggests that, 
under these ex~r~ental conditions, new receptor sites 
amitogen may be exposed by the process of incubation 
in medium and washing, and that this does not require 
the presence of the chemical agent. Further studies will 
be undertaken to elucidate the mechanism by which incu- 
bation and washing of anergic lymphocytes in oitro results 
in enhancement of DNA synthesis after stimulation with 
phytohemagglutinin. The failure to observe enhancement 
in DNA synthesis in the lymphocytes from the patient with 
chronic lymphatic leukemia treated in this manner is con- 
sistent with the previously reported observation that the 
anergy of these ceils is not due to the inability of the cells 

to bind phytohemagglutinin, but to the failure of intra-cel- 
lular processes involved in the maturation of ribosomal 
RNA[lO]. 

Stimulation of lymphocytes in vitro with phytohemagg- 
lutinin tests only the functional integrity of the isolated 
lymphocyte to a non-specific mitogen. It lacks the interac- 
tion of various humoral and cellular components involved 
in the antibody response in viw to specific antigens [ll]. 
Thus, the lack of an enhancing effect of Levamisole in uitru 
on mitogen-stimulated lymphocytes is not incompatible 
with the reports of stimulation of skin test responses in 
patients given the drug [12]. 
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