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The actual mechanism of action of immuno- 
suppressive drugs is difficult to determine partly 
because the precise physiology of the immune 
response has not been completely characterized. 
Fkssible sites of action by these drugs have re- 
cently been reviewed by Bach (1). These poten- 
tial target sites are: a) phagocytosis and antigen 
processing by macrophages; b) antigen recogni- 
tion by lymphocytes; c) differentiation of lym- 
phocytes; d) mitoses of thymus-dependent (T) 
lymphocytes and bone marrow-dependent (B) 
lymphocytes; and e) the so-called final effect 
which includes antibody production, secretion 
of delayed hypersensitivity mediators and lym- 
phocyte cytotoxicity of the contact type. 

The three cytotoxic drugs, cyclophospha- 
mide, azathioprine and methotrexate, are rep- 
resentative of the three major classes of com- 
pounds which have been studied in greatest 
detail and which have been most used for treat- 
ment of the rheumatic diseases. As reviewed by 
Dr. Bertino, cyclophosphamide is an alkylating 
agent. Azathioprine is a purine analogue. Since 
azathioprine is a derivative of 6-mercaptopu- 
rine (6 MP), I will discuss these two drugs in- 
terchangeably. Methotrexate is a folic acid an- 
tagonist. 
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All three of these drugs have been shown to 
suppress primary and secondary humoral im- 
mune responses, delayed hypersensitivity, skin 
graft rejection and animal diseases of au- 
toimmunity. Unfortunately, there are few stud- 
ies which have compared the effects of these 
three drugs under the same experimental condi- 
tions. However, some rather striking differences 
in mechanism of action of the three agents have 
become apparent, and I will try to summarize 
them. 

I would first like to discuss the antiinflam- 
matory properties of these drugs. Page, Condie 
and Good (2) showed that, if one injects egg al- 
bumin into the skin of a rabbit, polymorphonu- 
clear leukocytes begin to arrive in the lesion 
during the first 4 hours and these are followed 
by mononuclear cells. If, however, the animals 
are pretreated with 6 MP, the polymorphonu- 
clear leukocytes arrive in the lesion normally, 
but the numbers of mononuclear cells are 
markedly decreased. Neither cyclophosphamide 
nor methotrexate was effective in this re- 
spect (3). 

We have also studied this phenomenon (4) 
and were able to demonstrate that relative to 
control animals, animals treated with 6 MP 
had significant decreases in the numbers of 
large lymphocytes and monocytes in the blood 
without a significant fall in the numbers of 
polymorphonuclear leukocytes or small and 
medium lymphocytes. Concurrently, a signifi- 
cant decrease was also seen in the percentage of 
tissue mononuclear cells in the inflammatory 
skin lesion. There was a highly significant cor- 
relation between the numbers of monocytes in 
the blood and the percent of mononuclear cells 
in the lesion. These data suggest that the anti- 
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inflammatory effect of 6 MP results from sup- 
pression of a bone marrow response to local in- 
flammation, affecting principally proliferating 
precursors of blood monocytes and the large 
lymphocytes. 

In agreement with these results, Hersh, 
Wong and Freireich (5), studying experimental 
inflammatory sites in man, have shown an in- 
hibition of mononuclear cell exudation in 
patients taking 6 MP or methotrexate. 

Stevens and Willoughby (6) have induced 
two types of acute inflammation in rats, thermal 
injury and turpentine-induced pleurisy. In 
these studies all three drugs were effective in re- 
ducing the acute inflammation. They found a 
rough correlation between improvement and 
decrease in blood lymphocytes and monocytes, 
but no correlation with polymorphonuclear 
leukocytes. 

I would next like to discuss the effects on the 
immune response, first considering the anti- 
body forming system. Studying antityphoid an- 
tibody production in mice, Berenbaum and 
Brown (7) compared the LD, dosage of cyclo- 
phosphamide, methotrexate and 6 MP with its 
ID2. The LD, was the dose which killed 5% of 
the animals within 1 week. The ID2 was the 
dose required to reduce the antibody response of 
the mice by a factor of 2. They then calculated a 
therapeutic index which was defined as the ra- 
tio of the two doses (LD5/ID2). Cyclophospha- 
mide had the highest therapeutic index of 6.0, 
followed by methotrexate with 5.0 and 6 MP 
with 2.4. However, these workers emphasize 
the fact that the toxicity and immunologic effec- 
tiveness of these agents are highly dependent on 
their mode of administration, the nature and 
quantity of the antigen employed, its mode of 
administration and the species of animal used. 

Santos and Owens (8) made a comparative 
study of cyclophosphamide, 6 MP and metho- 
trexate, given at maximally tolerated doses, on 
the primary agglutinin response in rats immu- 
nized with sheep erythrocytes. Antigen was 
given before, at the beginning or in the middle 
of a 5-day course of treatment. They found that 

methotrexate and 6 MP were immunosuppres- 
sive only when the antigen was administered 
from 2 days before to the second day of the 5- 
day course of drug treatment. Cyclophospha- 
mide was found to be immunosuppressive when 
the antigen was given from 2 days before to 
even 2 days after the end of the 5-day course of 
therapy. 

Thus, the antimetabolites 6 MP and metho- 
trexate appeared to suppress mainly the inter- 
mediate stage of the primary response, presum- 
ably the cellular proliferative phase, while 
cyclophosphamide appeared to suppress all 
stages. Stem1 (9) also has shown that 6 MP 
works only on the so-called inductive phase. In 
our laboratory we have shown (10) that cyclo- 
phosphamide decreased both Coomb’s antibody 
titer and amount of 7-globulin deposition in the 
glomeruli of NZB mice, while 6 MP had nei- 
ther effect. Several workers ( 1  1 ,  12) have 
shown that cyclophosphamide can decrease 
anti-DNA antibodies, both in NZB mice and 
man. These data suggest that cyclophospha- 
mide can inhibit an ongoing immune response 
whereas 6 MP cannot. This is of course the sit- 
uation that we face in the treatment of patients, 
since their immune responses are well estab- 
lished at the time that we treat them. 

Studies have been done by Uyeki (13) in 
which the effect of the three drugs on the pro- 
duction of spleen hemolysin plaque-forming 
cells was measured in mice. When they were 
administered prior to the antigen, the numbers 
of plaque forming cells were increased by meth- 
otrexate and 6 MP but markedly suppressed by 
cyclophosphamide. When the drugs were given 
after antigen injection, there was suppression 
by all three drugs, but cyclophosphamide pro- 
duced the greatest decrease. In earlier experi- 
ments along the same lines, Chanmougan and 
Schwartz (14) showed that 6 MP treatment can 
cause enhancement of antibody production 
when antigen is administered 5 days after the 
last dose of a 1 -week course of 6 MP. They sug- 
gested that this enhancement was due to the ad- 
juvant effect of nucleic acids released from cells 
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killed by the drug. 
Studies of the effects of these drugs on cel- 

lular immunity have shown that all three have 
in some circumstances depressed cellular immu- 
nity. However, comparative studies have tended 
to show a greater effect on the part of cyclo- 
phosphamide. For example, Maguire and Mai- 
bach (15) found that cyclophosphamide, but not 
6 MP, delayed dinitrochlorobenzene (DNCB) 
responses. Arinoviche and Loewi (1 6) demon- 
strated a greater depression of the tuberculin re- 
action with cyclophosphamide than with aza- 
thioprine. Zweiman and Phillips (17) showed 
that even when high doses of 6 M P  had sup- 
pressed the tuberculin skin test, the animals’ 
lymphocytes responded normally to in vitro 
stimulation by tuberculin, suggesting that what 
they observed was an antiinflammatory effect. 
Levy and co-wor.kers (18) reported that while 
both azathioprine and cyclophosphamide sup- 
pressed immunoglobulin synthesis in patients, 
only cyclophosphamide suppressed the response 
of lymphocytes to mitogen. Tripathy and 

Mackaness (1 9) have shown complete suppres- 
sion of passive transfer of cell-mediated immu- 
nity with cyclophosphamide and little effect 
with methotrexate or azathioprine. The donor 
lymphoid cell was shown to be a resting cell 
which was sensitive to cyclophosphamide. 

With respect to tolerance production, Kovacs 
and Steinberg (20) have shown that tolerance is 
much easier to achieve in mice treated with cy- 
clophosphamide than with azathioprine or 
met hot rexate. 

I would like next to turn to the differential ef- 
fects on cell populations of these agents. In our 
laboratory (10) we have demonstrated that in 
NZB mice, cyclophosphamide primarily de- 
creases the numbers of recirculating small lym- 
phocytes in the blood, whereas 6 M P  preferen- 
tially reduces the numbers of polymorphonu- 
clear leukocytes and large mononuclear cells. 
In studies to be reported later (21) we have 
noted eventual total depletion of small lymph- 
ocytes in the majority of our patients on 
cyclophosphamide. Finally, Petrov and co- 
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workers (23) have also shown that cyclo- 
phosphamide has a selective lymphotoxic ac- 
tion, while 6 M P  and,azathioprine had only 
mitostatic properties and no effect on non- 
dividing lymphoid cells. 

In conclusion, although there are many dis- 
crepancies in the literature concerning the 
mechanism of action of these drugs, I have tried 
to summarize their known effects (Table 1). All 
three drugs apparently suppress the primary 
immune response, although the effects of aza- 
thioprine and methotrexate are highly depen- 
dent on timing. Cyclophosphamide appears to 
be more effective in suppressing a secondary or 
ongoing immune response. It is for this reason, 
perhaps, that cyclophosphamide decreases de- 
position of immune complexes in the kidney of 
the NZB mouse whereas 6 MP does not. Aza- 
thioprine, 6 MP and methotrexate have more 
profound antiinflammatory and mitostatic ef- 
fects than cyclophosphamide. 

Cyclophosphamide seems to have greater ef- 
fects on delayed hypersensitivity and the passive 
transfer of cellular immunity than either of the 
other two drugs. 

Finally, cyclophosphamide appears to be able 
to deplete small lymphocytes more effectively 
and produce tolerance much more easily than 
either azathioprine or methotrexate. On the 
basis of these effects, certain differences in ther- 
apeutic indication become apparent. 

For suppression of an ongoing immune re- 
sponse and immune complex formation such as 
one finds in rheumatoid arthritis and systemic 
lupus erythematosus, cyclophosphamide would 
be the drug of choice. It would also be the drug 
of choice for decreasing delayed hypersensitivity 
mechanisms or for situations in which elimina- 
tion of clones of small lymphocytes is desired, 
since it has a lymphopenic effect. For an anti- 
inflammatory effect, azathioprine or 6 M P  
would be the best choices because these drugs, 
being antimetabolic agents, have their greatest 
effect on dividing cells. It is presumably for this 
reason that they are effective in diseases such as 
psoriasis, in which there is rapid cellular prolif- 

eration. However, they also affect the primary 
immune response. This may be a factor in their 
known effectiveness in organ transplantation. 

Methotrexate appears to have both immuno- 
suppressive and antiinflammatory properties 
which, in general, resemble those of aza- 
thioprine. 
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