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Summary. Treatment in vitro of human peripheral blood 
lymphocytes (PBL) with ConA induced the generation of 
suppressor cells which inhibited T cell blastogenic response to 
ConA and of allogeneic response in the mixed lymphocyte 
reaction (MLR). Treatment of PBL with 4-hydroperoxycyclo- 
phosphamide (4-HPCy) before incubation with ConA marked- 
ly decreased the generation of suppressor cells by ConA. The 
effect of 4-HPCy on generation of suppressor cells was more 
pronounced in the test of ConA stimulation than in the MLR. 
Treatment with 4-HPCy had no effect on suppressor cells 
already induced as shown by incubation of PBL with 4-HPCy 
after incubation with ConA. 

Introduction 

Depletion by cyclophosphamide (CY) of suppressor T cells 
acting in cell-mediated immune responses in vivo in mice is 
well documented [1, 5, 8, 11]. More recently, it was reported 
that treatment of humans with CY increased the acquisition of 
T-cell-mediated immunity in cancer patients [9] and selectively 
impaired the generation of non-specific suppressor cells by 
ConA [2]. 

The immunoregulatory properties of CY cannot be 
demonstrated in vitro because its activation requires metab- 
olism by microsomal enzymes in the liver. However, it was 
shown that a derivative of CY, 4-hydroperoxycyclophospham- 
ide (4-HPCy), is spontaneously converted in aquous solutions 
to 4-hydrocyclophosphamide, a metabolite that mimics in vitro 
the in vivo effects of CY [7, 10, 12]. With 4-HPCy it was 
reported that suppressor T cells participating in the cell-me- 
diated delayed-type hypersensitivity (DTH) response were 
sensitive to the action of this drug [4, 7], wheras suppressor T 
cells involved in humoral immune response were resistant to 
HPCy [4]. 

It has been reported [10] that ConA-induced T suppression 
of human B-cell differentiation is abrogated by pretreatment of 
human T cells with very low concentrations of 4-HPCy, 
whereas differentiated suppressor T cells are resistant to 
4-HPCy. In this study we investigated the effect of 4-HPCy 
treatment on ConA-induced human suppressor T cells (Ts) in 
systems based on T-cell activities such as mitogenic stimulation 
of T cells and mixed lymphocyte reaction (MLR). We show 
that pretreatment with 4-HPCy inhibited the generation of 
ConA-induced Ts cells, whereas treatment with 4-HPCy after 
ConA had no effect on Ts cells already induced. 
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Materials and methods 

Preparation of lymphocytes. Human peripheral blood was 
collected from healthy young donors by venipuncture in 
syringes containing 10 U/ml of preservative-free heparin. 
Peripheral blood lymphocytes (PBL) were separated on a 
Ficoll-hypaque gradient [3]. The culture medium used in all 
experiments was RPMI 1640 (Biolab., Jerusalem, Israel), 
supplemented with 10 mM Hepes buffer (Sigma Chemical Co., 
St. Louis, USA),  20% inactivated human AB serum, 2 mM 
glutamine, and an antibiotic-antimycotic mixture. All incuba- 
tions were performed at 37°C in a humidified atmosphere 
containing 5% CO2. 

ConA induction of suppressor T cells (Ts). ConA-induced Ts 
cells were prepared as reported elsewhere [13] with a few 
modifications. Briefly, 3 x 106 PBL/ml in culture medium 
were incubated with 50 ~g/ml ConA (Miles-Yeda Co., Reho- 
vot, Israel), for 48 h. After incubation, the cells were washed 
in serum-free medium and treated with mitomycin C (MC 
Sigma, USA),  25 ~tg/1 x 106 cells for 25 rain, washed again 
three times in serum-free medium, and suspended in culture 
medium in concentrations of 1 x 106 cells/ml. Control cells 
were prepared in the same way, except that culture medium 
was added instead of ConA solution. 

Treatment of PBL with 4-HPCy. Quantities of i x 107/ml PBL 
were incubated with equal volumes of graded amounts of 
freshly dissolved 4-HPCy (Asta Werke,  Brackwede, W. 
Germany) in serum-free medium for 60 rain. The cells were 
washed three times in serum-free medium and adjusted to 
3 x 106/ml in culture medium. Different concentrations of 
4-HPCy (0 .3-30 ~tg/ml) had to be tried in each experiment in 
view of the lability of the compound in aqueous solution. 

Effect of 4-HPCy treatment on ConA-induced Ts 

a) Effect on mitogenic response. Freshly prepared PBL (R: 
responder cells) allogeneic to the PBL used for induction of Ts 
cells were prepared and adjusted to a concentration of 2 x 106 
cells/ml in culture medium. A volume of 0.05 ml responder 
cells was mixed with 0.05 ml ConA solution (200 ~tg/ml) and 
placed in U-shaped microplates (Nunc 1480, Denmark) 
together with 0.1 ml 2 x 106 cells/ml of one of the following cell 
suspensions treated with MC: ConA-induced Ts cells 
(ConA-PBL); control cells not stimulated with ConA (PBL); 
cells treated first with 4-HPCy and later with ConA 
(4-HPCy-ConA-PBL), and cells first treated with ConA and 
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Table 1. Effect of pretreatment with 4-HPCy on ConA-induced T-cell suppression: blastogenic response to 
ConA a 

Expt. 3H-Thymidine incorporation in PBL supplemented with b 
n o .  c 

Untreated PBL 
cpm + SD 

ConA-treated PBL 4-HPCy-pretreated, 
ConA-treated PBL 

cpm _+ SD % Supp d cpm + SD % Supp 

1 108,984 + 11,007 73,531 + 2,807 33 114,180 _+ 2,571 - 4 
2 102,026 + 3,026 71,303 _+ 5,012 31 83,276 _+ 3,360 18 
3 85,333 _+ 2,659 60,880 + 3,436 29 93,537 + 1,592 - 9 
4 37,734 + 4,458 23,563 + 1,998 38 35,283 + 5,311 7 
5 99,960 + 14,059 70,995 + 7,470 29 125,254 + 18,189 -25  
6 57,801 + 3,360 44,752 + 5,000 23 58,616 _+ 3,231 - 1 
7 87,889 + 7,062 54,074 + 4,430 39 98,226 _+ 20,450 -11  
8 49,295 _+ 1,400 29,114 + 2,512 41 22,657 ± 1,504 54 
9 60,789 + 2,400 35,311 + 2,013 42 49,639 ± 2,218 18 

10 153,583 + 10,582 51,295 + 3,312 67 118,769 ± 9,414 23 
11 51,414 _+ 4,846 35,447 + 1,265 31 61,598 ± 3,065 -19  
12 104,340 + 4,337 35,073 _+ 895 66 53,288 ± 9,988 49 

a All experiments were performed in quadruplicate 
b Cells added to cultures were inactivated with mitomycin (25 ~g/1 x 106 cells); untreated PBL (PBL incubated 

without ConA); ConA-treated PBL (PBL incubated for 48 h (50 ~g/3 x 106 cells/ml) with ConA for induction 
of Ts); 4-HPC-pretreated, ConA treated PBL (PBL treated with 4-HPCy for 1 h, washed, subsequently 
treated with ConA); cpm + SD: net mean cpm (minus background of cultures incubated without 
ConA) 

° Expt. 1 was performed with addition of 4-PHCy 0.3 ~tg/ml/1 x 107 cells/ml; Expts 2 and 3 with 3 ~tg/ml 
4-HPCy; Expts 4 and 9 with 10 ~tg/ml 4-HPCy; Expts 5 - 8  with 15 ~tg/ml 4-HPCy; and Expts 10-12 with 
20 ~tg/ml 4-HPCy 

a Supp.: % suppression was calculated with reference to cultures supplemented with untreated PBL; the 
decrease in suppressive activity on ConA-treated PBL due to 4-HPCy pretreatment was statistically 
significant: P < 0.005 

Table 2. Effect of pretreatment with 4-HPCy on ConA-induced T-cell suppression of mixed lymphocyte 
response (MLR) a 

Expt. 3H-Thymidine incorporation in PBL supplemented with b 
n o ,  

Untreated PBL ConA-treated PBL 4-HPCy- ConA-treated PBL 
cpm -+ SD pretreated, 

cpm + SD % Supp c 4-HPCy cpm + SD % Supp 
O*g/ml) 

1 37,315 _+ 1,068 6,051 + 192 84 6 7,288 + 330 81 
2 52,393 + 4,255 9,294 + 689 82 10 19,749 + 1,964 42 
3 57,039 + 4,896 21,141 + 1,560 63 15 33,997 + 2,727 41 
4 45,511 + 2,462 22,297 + 2,400 51 10 48,862 + 1,742 - 7 
5 35,498 + 2,462 7,061 + 1,544 80 15 8,550 + 824 76 
6 69,721 _+ 877 14,325 + 778 80 15 34,870 + 5,852 50 
7 28,104 + 2,191 3,079 + 338 89 10 11,519 + 216 59 
8 61,325 + 4,209 34,243 + 813 44 20 43,922 _+ 3,286 28 
9 44,850 _+ 896 10,081 + 1,271 78 20 8,049 _+ 618 82 

10 53,395 _+ 6,174 8,159 + 816 85 30 16,528 + 1,494 89 

a 0.05 ml 2 x 106 PBL/ml were cultured with 0.05 ml 2 x 106/ml MC-inactivated allogeneic PBL and 0.05 ml 
1 x 106/ml of MC-inactivated treated cells; after 5 days of incubation 2 9Ci tritiated thymidine was added per 
culture and 18 h later the cultures were harvested; all experiments were performed in quadruplicate and the 
results are expressed as net mean cpm per well + SD 

b See Table 1 for details of treatments of cells 
c % Supp.: % suppression was calculated with reference to cultures supplemented with untreated PBL; the 

decrease in suppressive activity due to 4-HPCy pretreatment was statistically significant: P < 0.05 

la ter  wi th  4 -HPCy  ( C o n A - 4 - H P C y - P B L ) .  T he  cul ture  mix- 
tures  were  i n c u b a t e d  for  48 h. A quan t i ty  of 2 ~tCi 3H-thy- 
mid ine  (Nuclear  Resea rch  Cen te r ,  Negev,  Israel)  was added  to 
each  well and  18 h la te r  the  cul tures  were  t e r m i n a t e d  by 
harves t ing  t h e m  on  microf iber  p a p e r  ( W h a t m a n  GF/C)  with an  

au tomat i c  cell ha rves te r  ( P M L  Co. ,  Yahud ,  Israel).  The  filters 
were  p laced  in vials con ta in ing  scintil lating fluid and  the  
radioact ivi ty  was d e t e r m i n e d  in a be ta  scinti l lat ing counte r  
(Beckman) .  The  results  were  expressed as ne t  m e a n  cpm per  
well, i .e. ,  less b a c k g r o u n d  cpm in cor responding  cul tures  



incubated without the mitogen. All experiments were per- 
formed in quadruplicate. 

b) Effect on allogeneic response. MLR was determined as 
reported elsewhere [6]. Briefly, a volume of 0.05 ml 2 x 106/ml 
PBL was cultured in the presence of 0.05 ml 2 x 106/ml 
MC-treated allogeneic PBL. To each well was added either 
0.05 ml control PBL (not treated with ConA), ConA-treated 
PBL, or cells first treated with 4-HPCy and later incubated 
with ConA. 3H-Thymidine (2 gCi/well) was added on day 5 of 
incubation. The cells were harvested after an additional 
incubation period of 18 h. The results were expressed as mean 
cpm of quadruplicate cultures. 

Response of 4-HPCy-treated cells to mitogenic and allogeneic 
stimulation. PBL cells were treated with various concentrations 
of 4-HPCy (0.3 gg to 15 vg/1 × 107 cells/ml), washed, and 
adjusted to 1 x 106 cells/ml. The 4-HPCy-treated cells were 
tested for mitogenic response to PHA (Difco, USA) and ConA 
(25 ~tg/ml and 100 ~tg/ml) in cultures containing equal volumes 
of 0.1 ml cells and mitogen solution, and for their reactivity in 
MLR toward allogeneic MC-treated PBL (0.1 ml of 1 x 106 
cells/ml). 

Statistical analysis. Statistical evaluation was performed by 
analysis of variance with repeated measures [14]. The 
differences were considered significant when P was less than 
0.05. 

Results 

Inhibition of ConA-induced T-cell suppression 
of blastogenic response to ConA by pretreatment 
with 4-HPCy 

PBL cells incubated with ConA consistently depressed the 
thymidine incorporation in normal PBL stimulated with 
ConA. The mean suppression was 39%, within a range of 
23%-67%.  Treatment with 4-HPCy before the induction of 
suppressor cells by ConA diminished the suppressive effect in 
11 of 12 cultures stimulated with ConA. The decrease in 
activity of ConA-induced suppressor cells due to pretreatment 
with 4-HPCy was statistically significant (Table 1). 

Inhibition of ConA-induced T-cell suppression of MLR 
by pretreatment with 4-HPCy 

Addition of ConA-treated PBL cells to normal PBL cells 
suppressed their ability to respond to allogeneic stimulation in 
all 10 cases tested (% suppression from 44% to 84%). 
Treatment of PBL with 4-HPCy before ConA incubation 
resulted in a decrease of their suppressive effect in eight of 10 
cases (Table2). This effect was statistically significant 
(P < 0.05). 

Inhibition of T-cell mitogenic 
and allogeneic responses by 4-HPCy 

The effect of 4-HPCy on T-cell mitogenic and allogeneic 
response was examined together with expt 1 of Table 1. PBL 
were treated with various concentrations of 4-HPCy ranging 
from 0.3 gg/ml to 15 ~g/ml before stimulation with ConA and 
PHA. A decrease in the blastogenic response to ConA was 
observed in cultures of cells pretreated with at least 1 ~tg 
4-HPCy/ml, but a decrease in response to PHA was found only 
in cultures of cells pretreated with 10 ~tg 4-HPCy/ml (Fig. 1). A 
decrease in the ability of PBL cells to respond to allogeneic 
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Fig. la--d. Response of HPCy-treated PBL to mitogenic stimulation: 
a ConA stimulation with 2.5 ~tg/1 x 105 cells; 3H-thymidine incorpo- 
ration in 4-HPCy untreated PBL stimulated by ConA was taken as 
100% (20,282 _+ 2,788 cpm); b ConA stimulation with 10 ~tg/1 x 105 
cells; 3H-thymidine incorporation in HPCy-untreated cells: 
50,705+8,093 cpm (100% value); c stimulation with 2.5~xg 
PHA/1 x 105 cells; control value in untreated HPCy cells: 
12,796 _+ 2,964 (100%); d stimulation with 10 ~tg PHA/1 x 105 cells; 
control value: 64,314 + 9,264 cpm (100%) 
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Fig. 2. Response of 4-HPCy treated PBL to allogenic stimulation in 
MLR: 3H-thymidine incorporation in control cultures of responder 
cells not treated with 4-HPCy was taken as 100% value: 
38,540 + 5,137 cpm in expt 1 and 70,643 + 5,037 cpm in expt 2 

stimulation in MLR was detected in cultures of cells pretreated 
with 10 ~tg 4-HPCy/ml (Fig. 2). 

Effect of treatment with 4-HPCy 
on ConA-induced suppressor cells 

The susceptibility to 4-HPCy of ConA-induced suppressor cells 
was examined in three experiments (Tables 3 and 4). 
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Table 3. Effect of 4-HPCy treatment after ConA activation on 
suppression of blastogenic response to ConA a 

Cells added to ConA- ConA stimulation 
stimulated cultures (3H thymidine incorpora- 

tion) 

cpm ___ SD %Supp b 

PBL cultured with media alone 
PBL cultured with ConA c 
PBL treated with 4-HPCy 
Only 

PBL treated with 4-HPCy 
after ConA 
activation 

112,262 + 5,243 
69,582 + 2,703 38 

0.3 [~gd 96,777 -+ 2,435 14 
1.0 ~tg 90,330 + 7,913 20 
3.0 ~g 92,718 + 5,975 18 
6.0 gg 124,136 + 7,553 -10 

10.0 gg 104,550 + 10,519 7 
15.0 gg 135,107 + 10,248 -20 
0.3 ~g 52,526-+ 2,376 53 
1.0 ~g 39,525 + 5,174 65 
3.0 [~g 61,517 + 3,126 45 
6.0 ~g 62,739 + 6,667 44 

10.0 ~g 73,097 + 9,679 35 
15.0 ~,g 84,756-+ 4,383 25 

a See footnotes to Table 1 for details; the experiment was repeated 
twice with similar results 

b %Suppression was calculated with reference to cultures supple- 
mented with PBL cultured with medium alone 
50 lxg ConA/3 x 106 PBL cells/mi 

d txg 4-HPCy/1 x 107 PBL cells/ml 

Table 4. Effect of 4-HPCy on ConA-induced suppression of mitogenic 
response to ConA a 

Cells added to ConA- ConA stimulation 
stimulated cultures (3H thymidine incorpora- 

tion) 

cpm _+ SD %Supp b 

PBL cultured with media alone 
PBL cultured with ConA c 
PBL treated with 4-HPCy 

only 

PBL treated with 4-HPCy 
before ConA 
activation 

PBL treated with 4-HPCy 
after ConA 
activation 

79,314 + 4,200 
38,301 _+ 7,954 52 

0.3 ]xg d 86,258 _+ 2,103 - 9 
10.0 ~g 108,560 + 1,062 -37 
15.0 gg 108,317 + i2,733 -36 
3.0 ~g 54,018_+ 17,381 32 

10.0 ~g 75,572 _+ 14,646 5 
15.0 ~g 84,828 + 16,107 - 7 
0.3 gg 33,023 + 1,273 58 

10.0 p,g 36,020 + 4,879 55 
15.0 ~g 60,490 _+ 12,294 24 

a See footnotes to Table 1 for details 
u %Suppression was calculated with reference to cultures supple- 

mented with PBL cultured with medium alone 
c 50 ~g ConA/3 x 106 PBL cells/ml 
d gg 4-HPCy/1 x 107 PBL cells/ml 

Treatment with 4-HPCy after ConA did not affect the activity 
of ConA-induced suppressor cells on the mitogenic response to 
ConA. To evaluate the effect of 4-HPCy treatment before or 
after induction of Ts cells by ConA under similar conditions, 
an experiment was performed in which the same suspension of 
PBL was used (Table 4). Pretreatment with 4-HPCy at 
concentrations of 3 and 10 ~g/ml resulted in a marked decrease 
of ConA-induced suppression, whereas treatment with 
4-HPCy after ConA induction of Ts cells did not affect their 
suppressive effect. 

Discussion 

We report here that pretreatment of human PBL with 4-HPCy 
inhibited the generation of suppressor T cells by ConA. This 
was shown by testing the suppressive effect of MC-inactivated 
ConA-incubated PBL on cultures submitted to ConA mito- 
genic stimulation and to allogeneic stimulation in MLR. The 
effect of pretreatment with 4-HPCy on the ConA-induced 
generation of suppressor cells was apparently more marked in 
tests of mitogenic stimulation than in MLR tests. This can be 
attributed to differences in susceptibility to 4-HPCy between 
suppressor cells that regulate a mitogenic response and 
suppressor cells that regulate the allogeneic response or to 
differences between the two systems used (ConA stimulation 
vs MLR). Thus, in an MLR system an additional population of 
lymphocytes is present, which not only acts as an antigenic 
stimulus, but which may also provide extra suppressor cells to 
the culture. It should be mentioned that a difference in 
susceptibility to 4-HPCy of suppressor T cells was reported 
with murine lymphocytes [4]: Ts cells involved in the DTH 
reaction were sensitive to 4-HPCy, whereas Ts cells acting in 
the humoral antibody response were resistant. 

Treatment with 4-HPCy after generation of Ts cells by 
ConA did not affect their suppressive activity on the 
blastogenic response to ConA. This finding indicates that 
mature suppressor T cells (in contrast to precursors of 
Con-induced suppressor T cells) are relatively resistant to 
4-HPCy and again shows the heterogeneity of T-cell popula- 
tions with regard to their sensitivity to 4-HPCy. 

The possibility that the effect of pretreatment with 4-HPCy 
on induction of Ts cells by ConA might be due to overall 
inhibition of blast transformation by the drug should be 
considered. We found in this respect that treatment with 
4-HPCy inhibited the induction of blast transformation by 
ConA and PHA and the activity of responder cells in MLR. 
However, it seems that the inhibitory effect of 4-HPCy on the 
induction of Ts cells by ConA cannot be solely attributed to 
overall inhibition of lymphocyte activation, for the following 
reasons: in concomitant experiments the quantity of 4-HPCy 
required for inhibition of ConA induction of blast transfor- 
mation by mitogens (Fig. 1) and for inhibition of MLR (Fig. 2) 
was smaller than that required for inhibition of Con A 
induction of Ts cells (Table 1, Fig. 1); and treatment of Ts cells 
already induced by ConA with 4-HPCy up to 10 ~g/ml did not 
affect their suppressive activity on mitogenic stimulation. 

Recently [10], examinations of the in vitro sensitivity of 
functional human T-cell subsets to 4-HPCy in a polyclonal 
B-cell differentiation assay and in the generation of Ts for 
effector B-cell functions have revealed that ConA-induced 
T-cell suppression of B-cell differentiation and function was 
completely abolished by pretreatment with 4-HPCy. The 
abolition by 4-HPCy of ConA induction of Ts cells was 
observed at low concentrations of 4-HPCy which do not affect 
blast transformation and DNA cross-linking [10]. The same 
authors [10] also found that ConA-induced Ts cells are 
resistant to 4-HPCy. Our results are in agreement with their 
findings, insofar as they show that pretreatment with 4-HPCy 
affects ConA induction of suppressor cells and does not affect 
the activity of Ts cells already induced in test systems based on 
evaluation of T-cell function rather than evaluation of B-cell 
function. 
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