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Abstract. The effects of A'-tetrahydrocannabinol (THC) on lymphocyte proliferation and 
interleukin (IL) 2 activity was investigated using adult murine spleen cells stimulated 
with either the mitogens concanavalin A, phytohemagglutinin, or anti-CD3 antibody. THC 
was found to suppress mitogen-induced proliferation, but to enhance anti-CD3-antibody- 
induced proliferation. These results reflected THC-induced suppression of Ly2 Cells 
following concanavalin A or phytohemagglutinin stimulation and THC-induced enhance- 
ment of Ly2 cells following CD3 stimulation. The combination of THC and concanavalin 
A or phytohemagglutinin resulted in suppressed IL-2 activity, whereas the combination 
of THC and anti-CD3 antibody resulted in enhanced IL-2 activity. This drug-related 
modulation of IL-2 activity corresponded to the changes in blastogenic activity as Well 
as to variations in numbers of Tac positive cells. These results suggest that the 
dysregulation in immune responses following THC treatment, either suppression or 
enhancement, may relate to the effects of THC on IL-2 production. 

[P.S.E.B.M. 1992, Vol201] 

t is now widely recognized that drugs of abuse such 
as marijuana, cocaine, and opiates suppress the I immune response system. In this regard, previous 

studies in this and other laboratories have shown that 
A'-tetrahydrocannabinol (THC), the major psychoac- 
tive component of marijuana, has strong immunomod- 
ulator effects, both in vivo and in vitro (1-9). For 
example, previous studies showed that THC suppresses 
the proliferative capacity in vitro of spleen cells stimu- 
lated with plant mitogens, such as phytohemagglutinin 
(PHA) or concanavalin A (Con A), which are mitogens 
for T lymphocytes. When spleen cells are treated with 
graded doses of THC in vitro, the ability of the cells to 
undergo blastogenesis when stimulated with relatively 
low doses of these mitogens is compromised. 
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T lymphocytes can be characterized in the helper 
or suppressor/cytotoxic T cell lineage by specific anti- 
genic markers readily determined by immunofluores- 
cent staining techniques. Helper T cells (L3T4 cells) are 
recognized by their CD4 surface antigen marker, 
whereas suppressor/cytolytic T cells (Ly2 cells) have 
the CD8 surface marker (10). All T cell lymphocytes, 
however, have the CD3 surface antigen marker, since 
monoclonal anti-CD3 antibody reacts with T lympho- 
cytes in general (1 1). The antibody to this pan T cell 
marker can also stimulate T lymphocytes to undergo 
blastogenesis in vitro. In the present study, it was found 
that THC treatment of spleen cells in vitro with anti- 
CD3 antibody results in enhancement of blastogenesis. 
This is in contrast to the suppression of mitogenesis 
evident when spleen cells are treated with the same 
doses of THC in vitro and stimulated with plant mito- 
gens. This study shows that interleukin (IL) 2 activity 
was increased by stimulation with anti-CD3 antibody 
and THC in contrast to the decrease seen following 
stimulation with plant mitogens and THC treatment. 
Furthermore, the THC modulation of IL-2 activity 
directly related to drug-induced alterations in Tac pos- 
itive cells. 
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Methods and Materials 
Animals. BALB/c mice, 8-12 weeks of age, were 

obtained from Jackson Laboratory, Bar Harbor, ME. 
The animals were kept in groups of 8- 10 under path- 
ogen-free conditions in plastic mouse cages and fed 
mouse pellets and water ad libitum. 

Marijuana Component. Tetrahydrocannabinol 
was obtained from the National Institute on Drug 
Abuse, Rockville, MD, in absolute ethanol. The alcohol 
was evaporated with N2 gas and THC reconstituted in 
dimethyl sulfoxide and further diluted to the desired 
concentration in warm medium, as described previ- 
ously (2). 

Reagents. The medium used for this study was 
RPMI 1640 obtained from Gibco Laboratories, Grand 
Island, NY, and contained 10% fetal calf serum ob- 
tained from Hyclone Laboratories, Logan, UT. The 
mitogens used were Con A, obtained from Sigma 
Chemical Co., St. Louis, MO, and PHA, obtained from 
Burroughs Wellcome Co., Greenville, NC. The mono- 
clonal anti-CD3 antibody (1 mg/ml) was obtained from 
Pharmigen Co., San Diego, CA. All plant mitogens 
were used at a final concentration of 5 pg/ml of medium 
and the anti-CD3 antibody was used at a dilution 
containing 1 pg/ml of medium. 

Lymphoid Cell Preparation. The spleen was re- 
moved from individual mice after cervical dislocation. 
Single cell suspensions were prepared with a Stomacher 
80-Lab Blender (Tekmar Co., Cincinnati, OH) and 
washed by centrifugation in Hanks' balanced salt solu- 
tion. The cells were resuspended at a concentration of 
2 x lo6 cells/ml in RPMI 1640 medium containing 
fetal calf serum, antibiotics, and 2-mercaptoethanol ( 5  
x lo-' M ) .  Cell viability exceeded 95%, as determined 
by trypan blue dye exclusion. 

Lymphocyte Proliferation Assay. To determine 
lymphocyte blastogenesis, the spleen cells were dis- 
pensed in 0.1-ml volumes into individual wells of 96- 
well flat-bottom microtiter plates (Costar, Cambridge, 
MA). The stimulators and the THC were each added 

Table 1. Effect of THC on Spleen Cell Blastogenic 
Response to Con A, PHA, and Anti-CD3 Antibody 

THC 
concentrationa 

Blastogenic response Acpm ( x l  03)b 

(PLg/ml) Con A PHA Anti-CD3 

None (control) 11 1.1 f 9.0 58.7 f 5.3 75.6 f 10.9 
1 .o 110.0 f 9.6 53.6 f 4.3 83.2 f 7.1 
3.0 101.3 -+ 7.9 44.1 -+ 3.2" 123.3 f 9.4" 
5.0 69.2 f 8.1" 42.3 f 5.4' 138.4 f 13.2" 
7.0 26.5 f 4.7d 21.6 f 4.3' 89.3 f 6.2 

a Indicated concentration of THC added to lo6 mouse spleen cells 
stimulated with 5.0 pg/ml of mitogen or 1 .O pg/rnl of anti-CD3. 
bAverage Acpm k SE determined for cell cultures stimulated with 
indicated mitogen or antibody; Acpm calculated as cpm experimental - cpm THC alone. 

P c 0.05 versus control. 
d P  < 0.01 versus control. 

in 0.05-ml volumes to the wells in the plates, which 
were then incubated at 37°C for 48 hr in 5% C02 and 
air. At this time, the plates were pulsed with 0.5 pCi of 
[3H]thymidine for 18 hr. The cells were harvested on 
glass fiber filters and the incorporated radioactivity was 
determined by standard liquid scintillation counting. 
Counts per minute k SE were calculated for triplicate 
cultures. All experiments were repeated at least four 
times. Results were expressed as Acpm where Acpm = 
cpm experimental cultures - cpm THC alone x lo3. 

lnterleukin 2 Activity. IL-2 activity was assayed by 
using CTLL-2 cells, an IL-2-dependent T cell line. The 
CTLL-2 cells (1 x lo4 cells/well) were cultured in the 
presence of 2-fold-diluted, 48-hr culture supernatants 
of splenocytes stimulated by Con A, PHA, or anti-CD3 
antibody in 96-well microplates for 24 hr at 37°C. 
During the last 4 hr of culture, 1 .O pCi of [3H]thymidine 
was added to each microplate well. The CTLL-2 cells 
in the cultures were harvested, and the incorporated 
radioactivity was counted in a liquid scintillation coun- 
ter. IL-2 production was assessed as activity expressed 
in units, employing the probit analysis of Gillis et al. 
(12). We define 1 unit of IL-2 activity as the reciprocal 
of the dilution required to give 50% of the maximum 
response. 

Flow Cytometry. Spleen cells (1 x 106/ml) were 
incubated in 25-cm2 tissue culture flasks for 72 hr with 
appropriate mitogen. Immunofluorescence analysis was 
performed by either two- or three-color analysis. The 
cell surface markers used were Ly2, L3T4 (Becton 
Dickinson, Mountain Valley, CA), and Tac (Life Tech- 
nologies, Long Island, NY). For two-color analysis, 50 
p1 of the cell culture were placed in 12 X 75-mm tubes 
with either a fluorescein isothiocyanate- or phycoery- 
thrin-labeled monoclonal antibody in 50 pl of phos- 
phate-buffered saline. After 30 min of incubation in 
the dark on ice, the cells were washed in phosphate- 
buffered saline and resuspended in phosphate-buffered 
saline containing 1 % paraformaldehyde. Samples were 
kept in the dark on ice until analyzed. Fluorescence- 
activated cell sorter analysis was performed using a 
Becton Dickinson FACScan. The lymphocytes were 
identified by forward versus side (90") light scatter. 
Viable lymphoid cells were then selected for immuno- 
fluorescence analysis and the appropriate gates were 
set. Thresholds for positives were set using isotype- 
matched antibodies. 

Statistics. A Student's t test with two-tailed alter- 
native was used. 

Results 
Stimulation of murine spleen cell suspensions with 

the plant mitogens Con A and PHA resulted in blasto- 
genesis. THC markedly suppressed this response (Table 
I). Treatment of spleen cells with anti-CD3 antibody 
also resulted in blastogenesis. In contrast to the situa- 
tion with Con A and PHA, THC in combination with 
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Table II. Numbers of Splenocytes with Ly2 and L3T4 Marker after Culture with THC and Con A, PHA, 
and Anti-CD3 Antibody' 

THC concentration Ly2 cell number (x104)' L3T4 cell number (~10')" 

(rglml) Con A PHA Anti-CD3 Con A PHA Anti-CD3 

None (control) 85.4 f 3.2 76.7 f 4.8 42.6 f 2.8 58.5 f 3.4 45.1 f 3.1 57.2 f 4.3 
1 .o 80.3 f 4.7 68.9 f 4.3 56.1 f 3.4 57.5 f 3.4 43.7 f 3.6 56.4 f 3.8 
3.0 76.5 f 2.5 48.5 f 3.7' 73.5 f 4.3' 52.3 f 4.8 40.2 f 4.2 55.1 f 3.3 
5.0 42.7 f 3.9' 15.3 f 2.5' 77.6 f 3.9' 47.9 f 2.7 37.4 f 2.6 54.5 f 2.9 
7.0 12.3 f 5.9" 2.5 f 2.5' 42.1 f 4.3 42.8 f 5.4 34.3 f 3.8 43.4 f 2.5 

' Data expressed as mean f SE. Numbers of splenocytes determined by 

No. cells after culture x Ohsubpopulation. 
ml 

Before stimulation, cell number per culture was 10.5 * 2.1 (x104). 
Before stimulation, cell number per culture was 20.1 * 3.5 (x104). 
P < 0.05 versus control. 

* P < 0.01 versus control. 

Table 111. Effect of THC on Spleen Cell IL-2 
Production to Con A, PHA, and Anti-CD3 Antibody 

THC concentration IL-2 production (units/ml)e 

(rglml) Con A PHA Anti-CD3 

None (control) 27.9 f 1.5 12.5 f 1.2 15.8 f 1.3 
1 .o 26.3 f 1.9 12.1 f 1.8 20.3 f 2.1 
3.0 23.2 f 1.7 9.7 f 1.7' 28.8 f 1.9' 
5.0 18.9 f 1 .5' 8.7 f 1.3' 31.6 f 1.5" 
7.0 17.8 f 1.4" 6.7 f 1.4" 18.0 f 1.5 

'The concentration of IL-2 in experimental samples was determined 
by the formula: 

experimental reciprocal titer 
standard reciprocal titer 

[IL-2] = 

where a titer is defined as the dilution that yields 50% of maximum 
CTLL-2 [3H]thymidine incorporation. 

P < 0.05 versus control. 
P c 0.01 versus control. 

Table IV. Numbers of Splenocytes with Tac Marker 
after Culture with THC and Con A, PHA, and 

Anti-CD3 Antibody" 

THC concentration Tac positive cell number (x l  04)' 

(rg/ml) Con A PHA Anti-CD3 

None (control) 43.8 f 3.2 45 f 3.4 33.2 f 2.8 
1 .o 40.4 f 2.8 44 f 1.8 35.7 f 1.5 
3.0 37.5 f 2.3 37.9 f 1.7" 41.8 f 2.5" 
5.0 27.4 f 1.9' 33.3 f 3.2" 46.3 f 2.6" 
7.0 21.9 f 2.4' 24.5 f 2.5' 31.2 f 2.1 

a See footnote to Table II for clarification. 

' P < 0.05 versus control. 
d P  c 0.01 versus control. 

Before stimulation, cell number was 10.6 f 2.4 (x104). 

CD3 stimulation served to enhance the cellular prolif- 
eration. This enhancing effect was seen only at the 
lower doses of THC. The suppressive effect of 7 pg/ml 
of THC, which was apparent after stimulation with 
plant mitogens, was not seen after anti-CD3 stimula- 

tion. Appropriate dimethyl sulfoxide controls (both 
high and low dose) eliminated the vehicle as the source 
of these effects. 

The responding cells were analyzed by the fluores- 
cence-activated cell sorter to determine which subpop- 
ulations of T cells were responding to the stimulators 
alone or with THC. Table I1 shows that in all experi- 
mental situations, the Ly2 and the L3T4 cells responded 
to either the plant mitogens or to the anti-CD3 anti- 
body. THC suppressed the proliferation of the Ly2 cells 
to either Con A or PHA, and enhanced the proliferation 
of these cells to anti-CD3 antibody. 

In order to better understand the mechanisms of 
the induced Ly2 proliferation, IL-2 activity was deter- 
mined. Unstimulated spleen cultures showed less than 
2 units/ml of IL-2 activity. Table I11 shows that Con A 
and PHA alone increased the IL-2 activity. This effect 
was suppressed by THC. Anti-CD3 antibody alone also 
increased IL-2 activity. In contrast to the results with 
plant mitogens, but in concordance with the blastogenic 
data, the combination of 3 or 5 pg/ml of THC with 
anti-CD3 antibody up-regulated the IL-2 activity. In- 
terestingly, whereas the higher doses of THC suppressed 
mitogen-induced IL-2 activity, the same dose of drug 
in combination with anti-CD3 antibody served only to 
reduce the THC-related enhancement to control levels. 

The numbers of Tac positive cells were determined 
after THC treatment in Con A-, PHA-, and anti-CD3 
antibody-stimulated cultures (Table IV). Similar to the 
IL-2 data, THC suppressed the numbers of Tac positive 
cells in Con A- and PHA-stimulated spleen cultures. 
There was enhancement, but no suppression, seen in 
THC-treated cultures stimulated with anti-CD3 anti- 
body. 

Discussion 
It is apparent from the results of this study that 

marijuana, specifically its major psychoactive compo- 
nent THC, has the ability to not only suppress the 
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blastogenic response of murine spleen cells in vitro, but 
also to enhance such a response, dependent upon the 
stimulator used to induce blastogenesis. The results of 
previous studies in this laboratory, as well as in others, 
have shown that THC, in graded doses, can suppress 
the blastogenic responsiveness of murine spleen cells 
stimulated in vitro with a wide variety of plant mito- 
gens, including PHA and Con A as well as a nonspecific 
immunostimulator from gram-negative bacteria, i.e., 
lipopolysaccharide (2, 4). These findings suggest that T 
lymphocytes, as well as B lymphocytes, are susceptible 
to the immunosuppressive activity of THC, at least in 
vitro. Although the doses of THC used in these in vitro 
studies range from 10 to 50 times those found in 
marijuana smokers ( 13), the physiological effects may, 
nevertheless, be quite relevant. Measurements in vivo 
are generally limited to body fluids, including plasma 
and blood. It would be expected that cellular and tissue 
levels may excede these. 

In the present study, however, it was found that 
THC can enhance as well as suppress a selected re- 
sponse. The blastogenic response of murine spleen cells 
stimulated with anti-CD3 antibody, which reacts with 
a surface antigenic marker present on all T lympho- 
cytes, was increased by simultaneous treatment of the 
cells with relatively low doses of THC. Further analysis 
showed that although both the Ly2 and L3T4 subpop- 
ulations of T cells were stimulated by Con A and PHA, 
suppression induced by THC was directed primarily to 
the Ly2 subpopulation. Similarly, anti-CD3 antibody 
stimulated both T cell subpopulations and, once again, 
the Ly2 cells were the most affected by the addition of 
THC. 

Mitogen induced T cell proliferation relates directly 
to IL-2 activation ( 14, 15). In this regard, it was found 
that treatment of spleen cells with either the plant 
mitogens or the anti-CD3 antibody resulted in in- 
creased IL-2 activity as well as Tac positive cells. The 
THC-related suppression of Con A- and PHA-induced 
blastogenesis corresponded with the THC-induced de- 
crease in IL-2 activity and Tac positive cells. Similarly, 
the THC-related enhancement of anti-CD3 antibody- 
induced blastogenesis corresponded with the THC-in- 
duced increase in IL-2 activity and Tac positive cells. 

In conclusion, THC has been shown to either up- 
regulate or down-regulate T lymphocyte proliferation 
(particularly Ly2 cells) depending upon the method of 
stimulating the cells. This drug-induced immuno- 
modulation is clearly evidenced in terms of its effect on 
IL-2 activity, both in terms of enhancement and 
suppression. The specific immunomodulatory effect of 
THC on both Tac positive cells and Ly2 cell numbers 
has been found to relate directly to its effect on IL-2 
activity and is influenced by the method of cell stimu- 
lation. It is not clear why the immunomodulation by 

THC is dependent upon whether the cells are stimu- 
lated with Con A, PHA, or anti-CD3 antibody. How- 
ever, since stimulation of the CD3 receptor may relate 
more directly to stimulation of T cells by antigens, this 
particular dysregulation by THC may prove to be bio- 
logically relevant. 
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