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Differential Effects of Immunosuppressants

on Lymphocyte Function

ALANWINKSaym

From the Department of Medicine, Montefiore Hospital and The University
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A B S T R A C T In vitro and in vivo parameters of
T lymphocyte function were evaluated in guinea pigs
following treatment with the "cycle-active" drugs, 6-mer-
captopurine (6MP) and methotrexate, and the "non-
cycle-active" alkylating agent, cyclophosphamide. Com-
mencing at the time of sensitization to tuberculin pro-
tein, animals were treated with an 8 day course of one
of the cytotoxic drugs. This regimen either reduced or
abolished the cutaneous response to PPD. The two cycle-
active drugs inhibited the in vitro lymphoproliferative
response to PPD and suppressed the elaboration of mi-
gration inhibition factor (MIF) by lymph node cells.
However, these agents did not reduce blood lymphocytes,
deplete the cellularity of the thymic dependent areas of
peripheral tissues, or alter the in vitro response of
lymph node cells to the nonspecific mitogen PHA. In
contrast, treatment with cyclophosphamide was associ-
ated with a reduction in peripheral blood and tissue
lymphocytes and impaired responses to PHAby residual
lymph node cells. In vitro proliferative responses to
PPDwere inhibited but the capacity of lymph node cells
to elaborate MIF was not suppressed. In addition to their
effects on antigen-reactive lymphocytes, all three drugs
significantly reduced the number of macrophages in in-
duced peritoneal exudates. With respect to immunosup-
pressive activities, results of these investigations sug-
gest that the noncycle-active agents affect both inter-
mitotic and dividing T lymphocytes without impairing
certain intermitotic functions of residual cells. The cycle-
active drugs have a more restricted toxicity limited to
those T lymphocytes which have been stimulated to
undergo active DNA synthesis by antigenic challenge.

INTRODUCTION

The effective use of immunosuppressive agents should
involve considerations of their pharmacologic activities
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in relation to the generative cycle characteristics of the
immune effector cells. These drugs were originally
introduced as anti-neoplastic agents; accordingly, those
factors which pertain to the inhibition of tumor cell
replication may apply to immunologically competent
lymphocytes. Based on their cycle specificities, cytotoxins
are subdivided into two classes: those primarily active
against cells in the S (DNA synthetic) or M (mitotic)
phase of their cycle (cycle-active) and those which are
toxic for both proliferating and nonproliferating (Go)
cells (noncycle-active) (1, 2). Of the most commonly
used immunosuppressive agents, 6-mercaptopurine
(6MP)1 and methotrexate are classified as cycle-active
drugs while the alkylating agent cyclophosphamide is
categorized as a noncycle-active agent.

In the present investigations, the cell specificities of
these three immunosuppressants were related to a de-
fined immunological response, the development of a de-
layed hypersensitivity reaction to tuberculin protein in
guinea pigs. This cell-mediated immune response de-
pends on the functional activity of a specific subpopula-
tion of lymphocytes, the thymic dependent (T) cells.
Previous studies have established the kinetic charac-
teristics of this population of lymphoid cells; they are
long-lived, slowly-replicating elements which recircu-
late between the blood and the thymic dependent areas
of peripheral lymphatic tissues. Following appropriate
immunologic stimulation, antigen-committed T cells
transform into actively replicating elements (3). Con-
comitantly, these responsive lymphocytes elaborate a
spectrum of soluble mediators which are believed to ex-
pand the number and types of cells responding to the
antigenic challenge (4).

In addition to defined in vivo characteristics, the ac-
tivities of sensitized T lymphocytes can be monitored by

' Abbreviations utsed in this paper: ['H]Tdr, tritiated thy-
midine; MIIF, migration inhibition factor; 6MP, 6-mercap-
topurine; PHA, phytohemagglutinin; T cells, thymic de-
pendent cells.
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TABLE I
Effects of Imnlmunosuppressa

Response to P

No. of
animals
initially sur

sensitize(d trea

Control-s 45

6-Mercaptopurine
12 mg/kg per day
16 mg/kg per day
20 mg/kg per day
24 mg/kg per day

Methotrexate
12.5 mg/kg per day
12.5 mg/kg per

every other day

Cyclophosphamide
20 mg/kg per day
10 mg/kg per day

6
6

2 5
6

32

60)
6

several in vitro assays. Current c
cellular responses in culture may
mitted T lymphocytes following
the intact animal (5). In the I
vitro assays and in vivo correla
immunosuppressive activity of t]
drugs, 6MP, methotrexate, and
sults indicate that the kinetic ac
and the cycle specificities of imr
sent important considerations in
effective immunosuppressive the

METHODS
Male, Hartley-strain guinea pigs
culin protein by the injection of
adjjuvant containing H-37Ra myc(
day of immunization, animals r
phamide (20 mg/kg per day), n
per day) or 6MP (20 mg/kg per
pared by dissolving the powderei
followed by partial neutralizatic
buffer. Details of this procedure
ously (6). Drug therapy was cont
sensitization.

On day 7, all animals were
strength, purified protein derivativ
responses were recorded on the
induration 24 h after challenge; a
in diameter was considered neg;
sensitized controls were simulta
animals received either sterile sal
pare the 6MP solution. No sil
noted in any tests between the g
those treated with buffer, and, as
trols were pooled. In additional st
agent were tested for their activ
hypersensitivity responses in vivo.
I. The dose of each agent usec

selected to provide maximum inhibition of the skin tests
lnts on CultanHeouws without causing excessive mortality.
'PD Following interpretation of the cutaneous reactions to

PPD, animals were killed by ether asphyxia. Cardiac blood
Dliameter of in(lu- was obtained for a total leukocyte count and a 200 cell

No. rationi (mm) differential; these values were used to determine the num-
viving - b___- ber of circulating lymphocytes. In representative animals,
itmenrt <5 6--IS > 15
-____ the spleen and a sample of lymph nodes were removed,

43. O O 43 fixed in 107% formalin, stained with hematoxylini and eosin,
and examined histologically.

6 O 1 5 To evaluate cell-mediated immunity by in vitro assays,
l l 3 cervical and mesenteric lymph nodes vere aseptically re-

21 2 18 o moved anid minced to make a single cell suspension. These
2 1 1 a cells were then usedl in three measures of T cell function,

the proliferative responses to the nonspecific mitogen,
30 25 2 I >lphytohemiagglutinin (PHA), and to the specific antigen

used to initially sensitize the test animals, PIPD, and their
2 2 1 ability to elaborate migration inhibition factor (MIF). In

each experiment, groups of 9-27 animals were evaluated.
55 53$ 29 The response to PHA and PPD was measured by cul-

6 l . o turing 10 x 106 lymph node cells in 5 ml media RPAMI 1640
containing 207% fetal calf serum and supplemented with
glutamine (300 ALg/ml), bicarbonate (250 ,ug/ml), penicillin
(100 U/ml), and streptomycin (100 jLg/ml). For each de-

:oncepts Suggest that thle termination, at least three replicate cultures were incubated
with an optimal concentration of PHA (Burroughs Well-

z simulate those of com- come & Co., Tuckalhoe, N. Y.) ; two or three unstimulated
r antigeinic challernge in cultures were established as controls.
present studies, both in To determine the response to this nonspecific mitogen,
ites were related to the cultures were incubated for 2 days in a 5% CO2 atmosphere

at 37°C. 2 ,uCi of tritiated thymidine ([3H]Tdr) (New
etfnglanId( Nuclear Corp., Boston, MIass.; spec act 6.7 Ci/

cyclophosphamide. Re- mM) was added 4 h prior to the termination of the incuba-
tivites of lymphoid cells tion period. Cultures were harvested by washing the cell
nunosuppressants repre- buttons twice in phosphate buffered saline (pH 7.4) fol-
developing programs of lowed by three x-ashes with cold 5% trichloroacetic acid.

The residual insoluble material was fixed in methanol, dis-
2rapy. solved in Soluene (Packard Instrument Co.), and added to

Liquifluor-toluene scintillation fluid (Liquifluor, New Eng-
land Nuclear Corp.). Incorporated radioactivity was deter-
mined by counting each sample for 5 min in a Packard Tri-

were sensitized to tuber- carb Liquid Scintillation Counter (Packard Instrument Co.,
1 ml complete Freund's Downers Grove, Ill.). Results of each culture were corrected

obacteria. Starting on the for background and expressed as counts per minute per
eceived either cyclophos- million cells (cpm/106 cells). Isotope uptake for replicate cul-
nethotrexate (12.5 mg/kg tures were averaged and the degree of stimulation deter-
day). The latter was pre- mined by subtracting the mean tiptake in unstimulated
d drug in 1.0 N NaOH replicates from the average value in those containing the
n with a HCl-glycerine mitogen. In general, the uptake in replicate cultures did not
have been reported previ- vary by more than 20% from the mean.
inued for 8 days following Proliferative responses to PPD were measured using a

similar culture system. In these determinations, an optimal
skin tested with second concentration of tuberculin protein (4 ,ig PPD/ml) was

ve (PPD). The cutaneous employed, and the incubation period was extended to 5
basis of the size of the days. Resuits of antigen stimulated cultures were expressed

l reaction of 5 mmor less as a stimulation ratio which was determined by dividing the
ative. In all experiments, average isotope uptake in stimulated cultures by that de-
ineously evaluated. These termined in unstimulated replicates. No PPD positive con1-
mine or buffer used to pre- trol showed less than a twofold increase in [3H]Tdr in-
gnificant differences were corporation in the stimulated cultures.
roups receiving saline and Inhibition of macrophage migration was determined by
s such, data from all con- techniques previously described (7). Exudate cells were
tudies, other doses of each obtained from unsensitized control animals by the intra-
rity in suppressing delayed peritoneal injection of 30 ml light mineral oil 4 days prior
These are listed on Table to sacrifice. Cells were harvested by washing the peritoneal

I in in vitro studies w-as cavities with 120 ml Hanks' balanced salt solutioni contain-
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ing heparin (1 ml of a 17o solution). i ne exudate cells
were centrifuged, washed several times in HBSS to remove
traces of oil, enumerated, and resuspended in minimal es-
sential media with 15% guinea pig serum. Lymph node
cells from test animals were added in a fixed ratio to the
unsensitized peritoneal exudate cells. As in previous studies
(7), a ratio of 1 lymph node cell to 40 peritoneal exudate
cells proved optimal; lesser concentrations of lymph node
cells did not produce significant inhibition and a greater
concentration yielded only a slight decrease in migration.
Capillary tubes were filled with this mixture of lymph
node cells and peritoneal exudate cells; these tubes were
centrifuged, cut at the cell-supernate interphase, and the
cellular portions attached to the cover glass of a Sykes-
Moore culture chamber. Each capillary tube contained 10
X 106 peritoneal exudate cells and 2.5 X 105 lymph node cells.
Individual chambers were filled with MEMcontaining 15%
guinea pig serum, penicillin (100 U/ml), streptomycin (100
,ug/ml), amphotericin (0.25 ,ug/ml), glutamine (300 /g/
ml), bicarbonate (250 ,Ag/ml), and PPD (10 ,ug/ml). The
chambers were incubated at 37°C and the migration mea-
sured at 24 h by planimetry. For each test animal, at least
four replicate capillary tubes were evaluated; the area of
migration usually varied by less than 10% from the mean.
Inhibition was determined by the following formula: %
migration = (area of migration in tubes containing lymph
node cells from test animals)/(area of migration in tubes
containing lymph node cells from unsensitized controls)
X 100. Lymph node cells from all PPD responsive control
animals reduced migration at least 20% when compared
with similar cultures containing an equal number of lympho-
cytes from unsensitized animals.

The effects of drug therapy on inflammatory cells were
evaluated by assessing the total number of cells in induced
peritoneal exudates four days after the intraperitoneal in-
jection of 30 ml light mineral oil. Recoverable exudate cells
were enumerated and a 300 cell differential performed on
Wright-Giemsa stained smears. The course of drug therapy
was identical to that used in the immunosuppressive studies;
each animal received an 8 day course of a drug termi-
nating 1 day prior to sacrifice. In order to avoid non-
specific exudation of cells by concomitantly injecting the
immunosuppressive agent into the peritoneal cavity, all drugs
were administered by the subcutaneous route.

RESULTS

As an initial evaluation of the immunosuppressive ac-
tivity of each cytotoxic agent, animals were tested for
cutaneous responses to PPD. All controls showed
strongly positive tuberculin reaction 1 wk after immuni-
zation; the induration of individual tests measured from
15 to 35 mmin diameter (Table I). A course of either
cyclophosphamide or methotrexate, initiated at the time
of immunization, effectively inhibited cutaneous re-
sponses. Only 2 of the 55 cyclophosphamide-treated re-
cipients showed induration greater than 5 mmin diam-
eter; most showed no response. Similarly 28 of the 30
animals receiving methotrexate were rendered anergic;
the other two showed minimally positive tests (7 and 10
mm, respectively). Treatment with 6MPreduced but did
not abolish skin reactivity. In all but one animal, the
responses were less than 12 mmin diameter.

TABLE I I
Effects of Immunosuppressants on Lymphocytes

Cellularity
No. of thymic

of dependent
animals Lymphocytes areas*

cells/mm'

Controls 15 3,60044904 Normal
6-Mercaptopurine

(20 mg/kg per day) 16 2,931±387 Normal
Methotrexate

(12.5 mg/kg per day) 16 2,8304290 Normal
Cyclophosphamide

(20 mg/kg per day) 16 1,2004130§ Decreased

* Based on histologic criteria.
4 Mean±SE.
§ Significantly less than controls (P < 0.001).

With each agent, other dose schedules were evaluated.
Treatment with both cyclophosphamide (10 mg/kg per
day) and methotrexate (12.5 mg/kg per every other
day) resulted in a reduction in the size of the cutaneous
response compared with controls but did not completely
inhibit reactivity. 6MPwas tested in four dose schedules
(12, 16, 20, and 24 mg/kg per day). The lower two doses
did not result in significant impairment in responses;
the higher dose was lethal to a majority of animals.

To assess the effects of therapy on lymphocytes, pe-
ripheral blood cells were enumerated and the cellularity
of thymic dependent areas of peripheral lymphatic tis-
sues estimated by histologic criteria (8). Neither 6MP
nor methotrexate caused significant lymphopenia (Table
II). Further, the thymic dependent areas of lymph nodes
and spleens were of normal cellularity. As an additional
measure of recirculating elements, the number of lympho-
cytes migrating into induced peritoneal exudates was not
reduced by either of the cycle-active drugs (Table III).
In contrast, cyclophosphamide therapy was associated
with a significant lymphopenia (P < 0.001), reduction

TABLE III
Effects of Cytotoxic Drugs on Peritoneal Exudate Cells

Total No. of
no. of monocytes No. of

exudate and macro- lympho-
No. of cells phages cytes

animals X 10-6 X 10-6 X 10-6

Controls 16 98.8 i 16. 1* 84.9 45.6 13.1 4-1.8
6-Mercaptopurine 9 45.0-±I1.3T 22.9 ±5.8§ 15.14-3.7
Methotrex-ate 17 56.6 -8.4$ 34.0 ±6.4§ 18.8 45.0
Cyclophosphamide 17 7.2 41.0$ 5.4 ±0.8§ 0.9 40.2§

* Mean+SE.
Significantly different from controls (P < 0.01).

§ Significantly different from controls (P < 0.00 1).
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FIGURE 1 The lymphoproliferal
animals receiving the three cyt
pressed as a stimulation ratio,
therapy with each of the agen
sensitization to tuberculin protein
induced proliferation. Each poi]
9-16 animals ±1 standard error.
cyclophosphamide.

of the cellularity of the thymi
ripheral lymphatic tissues, an
the number of lymphocytes fou

Although this study was r
assessing alterations in the nur
eral tissues, it is noteworthy tl
of these tissues following cycl
pronounced reduction in the
independent areas. Treatment v
trexate reduced the cellularitie
did not significantly deplete ei

TABLE
Effects of Cytoxins on l

Responses t6

ar

Controls
6-Mercaptopurine
Methotrexate
Cyclophosphamide

* Response expressed as [3H]1
stimulated cultures less that
±1 SE.
$ Significantly different fromii con

cvtes or the number of lymphoid cells in the medullary
cords.

To further assess the effects of each treatment pro-
gram, peritoneal exudate macrophages were quantitated
following a standard i.p. challenge of mineral oil. Re-
sults (Table III) incdicate that therapy witlh cyclo-
phosphamide had a profound effect on the total number
of macrophages localized to these induced exudates.
6AIP and methotrexate also significantly reduced the
number of these phagocytic cells but not to the same ex-
tent as observed with cyclophosphamide.

Lymph no(le cells fronm drug-treated animals were
evaluated in three assays indicative of the status of
cell-miedliated immunity; the proliferative responses to
PPD and PHA and the ability of lymph node cells to
elaborate MIF. A clear distinction was observed in PHA

6MP MTX CY responses between animals treated with cyclophospha-
mide and those receiving either of the cycle-active agents

.iversoe(Table IV). As measured by the incorporation of [rH1
totoxic drugs. Results, ex-

T

indicate that a course of Tdr, the lymphoproliferative response was not impaired
ts initiated at the time of by treatment with either 6MP or methotrexate. Com-

virtually abolishes antigen- pared with sensitized controls, the average isotope up-
nt represents the mean of take wsas 78'% in the former and 90% in the latter; these
'TX,methotrexate; CY, values are not statistically different from controls. By

contrast, cyclophosplhamide markedly impaired the re-
sponse to PHA; the average was reduced to 16% (P <

ic dependent areas of pe- 0.001).
d a marked reduction in All three ageints reduced the proliferative response to
nd in peritoneal exudates. PPD, the specific antigen used to sensitize these ani-
iot primarily directed at mals. Results, expressed as a stimlulation ratio ([3HlTdr
nber of B cells in periph- incorporatioin in cultures stimulated with PPD divided
hat histological evaluation by that observed in unstimulated replicates), indicate
ophosphamide indicated a that cells from sensitized controls show,ved ain average
cellularity of the thymnic of 5.7±1.7. In contrast, treatment wvith eaclh of the cyto-
vith either 6MIP or metho- toxic agents during the induction phase of this immune
s of germiinial centers but respolnse virtually abolished in vitro antigein induced pro-
ither subcapsular lympho- liferative responses. The stimulation ratios in cultures

obtainedl from these drug-treated animals were not sig-
nificantly greater than those observed in nonimmllunized

IV controls (Fig. 1).
.ymphoprol(ferative Lymph node cells from each of the drug-treated ani-

PHA4 mals \-ere evaluated for their ability to elaborate MIIF.
PHA resp)onse In this assay system, lymphocytes from test animals were
(net [3H]Tdr mixed with peritoneal exudate cells from unsensitized

Zo. of incorporation donors in a fixed ratio. As in previous studies (7). us-
nimals ci)m/ 1O6 cells)*

ing lynmph node cells from sensitized controls, a ratio
11 1,542i285 of 1: 40 consistently inhibited migration. The average
16 1,197+281 area of migration was 55+11%c compared witlh that ob-
16 1,391±303 served in capillary tubes containing lymph node cells
16 243±55t from unsensitized controls. Lymphocytes from animals

[dr incorporation in PHA treated with either 6MNIP or methotrexate failed to sig-
in uinstiltI ulated replicates nificantly inhibit migration. The average value was 84+

13% for the 6MP-treated donors and 98+13% for the
trols (P < 0.001). methotrexate aniimals (Fig. 2). In contrast, a similar
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number of lymph node cells from cyclophosphamide-
treated animals proved highly effective in this test; mi-
gration was reduced to 45±7%-a value equivalent to
that observed with lymph node cells from sensitized
controls. Lymph node cells from unsensitized animals
treated with a similar course of cyclophosphamide did
not inhibit migration, thereby indicating that drug ther-
apy itself did stimulate these cells to elaborate MIF.

DISCUSSION

Owing to differences in pharmacologic activities, im-
munosuppressive agents have variable effects on both
lymphocyte kinetics (10, 11) and immune responses
(12-16). In these reports, the comparative effects of
drugs were defined on selective parameters of lymphocyte
function. They did not compare in vitro with in vivo
measures of cellular immunity, nor did they correlate
results with the cell-cycle specificities of the agents.
The present investigations detail and contrast the effects
of three potent cytotoxic agents on both the number and
functional activities of T lymphocytes in a developing
cell-mediated immune response. These observations in-
dicate that the cycle specificities (1, 2, 9) of these agents
are important determinants of their immunosuppressive
activities; differential effects are observed on T lympho-
cytes, including those specifically sensitized by antigenic
challenge.

As shown in this study, 6AIP and methotrexate, two
cycle-active agents which are primarily effective against
cells in DNA synthesis (9), have a limited toxicity.
They do not significantly reduce the total number of T
lymphocytes or inhibit the lymphoproliferative responses
to PHA, a measure of T cell function (17). As judged
by the lack of reactivity in assays which evaluate the
lymphocytic response to PPD, these agents appear to be
toxic to those cells which have been stimulated to pro-
liferate following initial sensitization.

By contrast, cyclophosphamide, a noncycle active drug
effective against both dividing and intermitotic cells,
exhibits a more generalized influence on T lymphocytes.
This alkylating agent not only interferes with those
elements initially stimulated to respond to tuberculin
protein but also affects a proportion of intermitotic cells
present in both the blood and peripheral tissues. Adminis-
tration of this agent is associated with a partial depletion
of T cells, and residual lymphocytes show impaired pro-
liferative responses to PHA. These results are in accord
with previous studies from this laboratory (17, 18). In
addition to its effects on T cells, cyclophosphamide
markedly reduced the cellularity of the thymic inde-
pendent areas. Other studies suggest that this alkylating
agent is more toxic for the B cell compartment than T
lymphocytes (20-22).

100 -

.Z
C>

--:I
cr-
CD
m

0-e

75 F

50 F

25 F

PPD (-) PPD (+) 6MP MTX CY
CONT. CONT

FIGURE 2 The activity of lymph node cells in assays for
migration inhibition factor. In each test, a fixed number of
lymph node cells from the test animals were added to peri-
toneal exudate cells from nonsensitized donors. Lympho-
cytes from sensitized controls inhibited migration to 55%
compared with that observed using a comparable number
of lymph node cells from unsensitized controls. No sig-
nificant inhibition of migration was noted with cells from
either 6MP or methotrexate-treated animals; in contrast,
lymph node cells from animals receiving cyclophosphamide
were highly active in this assay. Results are expressed as
percent migration in comparison to PPD negative controls
and each point represents the mean +SE of 10-27 animals.

As assessed by the cutaneous response to PPD, all
three drugs inhibit expressions of delayed hypersensi-
tivity reactions. However, in this model, 6MP was less
potent than the other two agents. Antimetabolite therapy
decreased but did not abolish cutaneous reactivity; even
at doses lethal to a majority of animals, a positive reac-
tion was elicited in one survivor. In contrast, most ani-
mals treated with either cyclophosphamide (20 mg/kg
per day) or methotrexate (12.5 mg/kg per day) failed
to show a response. Nonreactivity was dose dependent;
lesser quantities of either of the latter two drugs reduced
the size of skin tests but did not abolish them. On the
basis of these results, the dose of each agent employed
for in vitro studies was selected to provide maximum
impairment of cutaneous responses without causing ex-
cessive mortality.

The administration of each immunosuppressant im-
paired the in vitro proliferative response to PPD. In
concert with this finding, treatment with the two cycle-
active agents was associated with a failure to elicit a

positive MIIF response. The lack of activity in both as-
says suggests that cycle-active drugs specifically eliminate
a proportion of those lymphocytes initially stimulated to
proliferate by immunization. Inhibition of in vitro pro-
liferative responses to PPDby 6MP is probably of short
duration; Zweiman and Phillips showed that lymphocyte
reactivity to this antigen was equivalent to controls one
week after cessation of therapy (23).

Differential Effects of Immunosuppressants on Lymphocyte Function 2297



In contrast, cyclophosphamide inhibited lymphopro-
liferative responses to PPDbut did not impair the ability
of these cells to elaborate MIF. These data suggest that
antigen sensitive cells capable of mediator production are
present in the tissues despite drug therapy. However,
these cells are restricted in their in vitro replicate ca-
pacity. A similar dissociation between cell proliferation
and other measures of T cell function has been reported
in other assays (24-27). Using specific inhibitors of cell
division, Bloom, Gaffney, and Jimenez concluded that
the elaboration of MIF is a function of intermitotic cells
(24). As the primary pharmacologic activity of cyclo-
phosphamide is directed at the integrity of DNA tem-
plates (9), the dichotomy of in vitro results observed in
this study may result from injuries to some T lympho-
cytes which do not effect either the v iability or function
of cells in the intermitotic phase but prove lethal when
they are in cycle.

Previous investigations support conicluisionls regarding
the importance of cell-cycle specificities of cytotoxic
agents in determining both their effects oni lymphocytes
and their ability to suppress immnlune responses. In a
study comparing the lymphotoxic and mitostatic effects
of different immunosuppressive agents, Petrov, Manyko,
Khaitov, and Seslavina (10) observed that cyclophos-
phamide was highly effective against lvmphocytes. In
contrast, the toxicity of 6MIP was limited to replicating
cells; this agent did not impair the function of immuno-
logically competent elements. Lemmel. Hurd, and Ziff
(11) showed that cyclophosphamide but not 6MP de-
pleted long-lived lymphocytes. The effect of this anti-
metabolite was primarily limited to actively replicating
cells; as such, there was a marked decrease in short-
lived blood neutrophils.

In another study, Santos and Owens (13) compared
the immunosuppressive effects of 6MP, methotrexate.
and cyclophosphamide. All three drugs inhibited pro-
duction of sheep cell agglutinins in the rat w-hen therapy
was initiated shortly after antigen challenge. The ef-
fective immunosuppressive interval coincided with the
phase of proliferative expansion of cells destined to de-
velop into antibody producing elements (28). However.
only cyclophosphamide impaired this response when ad-
ministered prior to immunization. This latter finding
suggests that this agent is effective against potentially
responsive lymphocytes present in the tisstues prior to
stimulation; these elements are presumably in an inter-
mitotic phase of their cell cycle (6).

In considering the impaired cutaneous reactivity in
animals treated with these cvtotoxic agents. it is knownii
that only a few sensitized lymphocytes are required to

initiate a cell-mediated immutne response (29, 30). Most
of the cells present at the local site are macrophages
which appear to function as nonspecific effectors of this

reaction (31 ). These cells arise from rapidly replicating
progenitors in the marrow (32) and have been shown
to be susceptible to cytotoxic agents (33, 34). In the
present investigations, treatment with each of these
agents resulted in a significant decrease in the number
of peritoneal exudate macrophages. Similarly, a reduced
number of these cells may be available for participation
in cell-mediated reactions; this deficit may be a major
cause for decreased PPD reactivity. Of note, only cyclo-
plhosphamide reduced the total number of lymphocytes
in these exudates, further evidence indicating a differ-
ential effect of cycle and nioncvcle-active drugs on these
cells.

Although results of this study canniot be directly ap-
plied to the clinical use of immunosuppressants, they
suggest that the cycle specificities of these agents may
be important in determining optimal therapeutic pro-
grams. Cycle-active drugs appear to be maximally ac-
tive in eliminating proliferating lvmphoid cells. In con-
trast, noncycle-active agents, because of their effect
oIn intermitotic cells, may have immunosuppressive ef-
fects on phases of the immune response other than those
involving the replicationi of immunologically active
lymphocytes.
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