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Abstract. 2-Carboxyethylgermanium sesquioxide (Ge-132), a synthesized organogermanium compound with im- 
munomodulaing activities, was shown to be an inducer of anti-suppressor T cells in normal mice. The suppressor 
cell activity of T6S cells, a clone of burn-induced CD8 + IL-4-producing suppressor T cells, was clearly inhibited 
when a mixed lymphocyte-tumor cell reaction of the clone was conducted with splenic mononuclear cells from mice 
treated orally with a 100 mg/kg dose of Ge-132. The activity of anti-suppressor cells was demonstrated in spleens 
of mice 2 days after treatment with Ge-132 and reached its peak on day 3. The anti-suppressor cells induced by the 
compound were of a contrasuppressor T cell-linage, because they were characterized as CD4 § CD28 + TCR~/[3 + 
Vicia villosa lectin-adherent T cells. These cells produced IFN- 7 but did not produce IL-2, IL-4, IL-6 or IL-10 in 
their culture fluids. CD4 + anti-suppressor T cells induced by Ge-132 may be different from other subsets of CD4 + 
T cells because Thl and Th2 cells generated in our laboratory did not adhere to Vicia villosa lectin-coated petri 
dishes, and each produced specific cytokines. Thl cells produced IFN-y and IL-2 while Th2 cells produce IL-4 and 
IL-10 in vitro. These results suggest that Ge-132 may be useful as an inducer of contrasuppressor T cells in 
immunocompromised individuals bearing suppressor T cells. To eliminate suppressor T cells from immunocompro- 
mised hosts may result in improved resistance from various opportunistic infections. 
Key words. Organogermanium compound; contrasuppressor T cells; suppressor T cells. 

Introduction 

Suppressor T cells generated in patients or animals 
bearing malignancies, infections or thermal injury have 
been reported in many papers 1-4, and the decreased 
cell-mediated immunity in these individuals may be 
associated, in part, with the appearance of suppressor T 
cells 5. Recent studies have revealed that type 1 T cells 
(Thl cells or cytotoxic T lymphocytes) play a role in the 
host's protective response against various pathogens 6,7, 
while type 2 T cells (Th2 cells or CD8 + suppressor T 
cells) produce increased susceptibility in individuals to 
various infections 6'7. It has been described by Jayara- 
man and coworkers 8 that the adoptive transfer of CD4 § 
type 2 T cells (Th2 cells) into mice resulted in the 
accelerated onset and the increased severity of stromal 
keratititis in recipient mice during herpesvirus infec- 
tions. Kupper and coworkers have reported 9 that septic 
bacterial infections were established when normal mice 
were inoculated with burn-induced CD8 + suppressor T 
cells after a cecal ligation and puncture. We have also 
demonstrated ~~ that the generation of CD8 + suppressor 
T cells and the increased susceptibility to the opportunis- 
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tic herpesvirus infection in thermally injured mice are 
linked. The susceptibility of normal mice to the her- 
pesvirus infection was increased to levels observed in 
thermally injured mice when burn-induced CD8 + sup- 
pressor T cells were adoptively transferred into these 
mice. The suppressor T cells generated in spleens of 
mice 6 days after thermal injury have been identified as 
CD8 + CD1 lb + TCR~/~ + IL-4-producing T cells 11. All 
of these facts demonstrated by us and others suggest 
that both CD4 + and CD8 + type 2 T cells may play a 
role on the increased susceptibility of the immunocom- 
promised host for opportunistic viral or bacterial infec- 
tions. Some recent studies 12,13 have attempted to 
improve the resistance of immunocompromised hosts to 
opportunistic infections through the regulation of type 
2 T cell activities. Administration of a blocker of his- 
tamine type 2 receptors or a low dose of cyclophos- 
phamide has also been reported to increase the 
resistance of immunocompromised hosts to septic infec- 
tions through the inhibition of suppressor T cells ~2-J4. 
However, these blockers are not satisfactory against 
various opportunistic infections in immunocompro- 
mised hosts, because these agents only partially elimi- 
nate the suppressor cell activity. Therefore, a more 
effective way is needed to control opportunistic infec- 
tions in immunocompromised hosts bearing suppressor 
T cells. 
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2-Carboxyethylgermanium sesquioxide [O3(GeCH2CH2- 
COOH)2] (Ge-132), synthesized from trichlorogermane 
and acrylonitrile ~5, has been shown to exhibit antitumor 
activities in mice 16-1s and in rats ~9, as revealed by the 
inhibition of tumor growth and increased mean survival 
time in these animals. The antitumor activity of the 
compound appeared through the induction of 
I F N - y  16,j7,21, augmentation of the NK cell activity I7,2~ 
and generation of cytotoxic macrophages from resting 
macrophages 16,~7,21. Ge-132 has also been shown to 
express antiviral activities in mice infected with influ- 
enza virus 22. The anti-influenza activity of Ge-132 was 
expressed through the NK cell activity stimulated by the 
agent-induced IFN-722. We have recently reported 23 
that the generation of suppressor macrophages was 
inhibited in mice immunized with allogenic lymphocytes 
after treatment of these mice with Ge-132. 
In the present study, we demonstrated the contrasup- 
pressor T cell-inducing activity of Ge-132 in normal 
mice. The activity of a clone of burn-induced CD8 + 
IL-4-producing suppressor T cells was markedly inhib- 
ited by anti-suppressor T cells induced by Ge-132. The 
anti-suppressor T cells induced by Ge-132 were charac- 
terized as CD4 + CD28 + TCR~//? + Vicia villosa lectin- 
adherent T cells, whcih were distinguished f rom 
standard Thl and Th2 cells by their cytokine-producing 
profiles and adherence to Vicia villosa lectin. 

Materials and methods 

Mice, cells, media and reagents. Eight-week-old BALB/ 
c mice purchased from Jackson Laboratories, Bar Har- 
bor, (Maine, USA) were used in these experiments. 
EL-4 thymoma cells, maintained serially in vitro in our 
laboratory, were used as stimulators in a mixed 
lymphocyte-tumor cell reaction (MLTR) 24. CTLL-2 
cells (a cell line for IL-2 and IL-4 dependent murine 
cytotoxic T cells), 14.8 cells (anti-CD45RA mAb-pro- 
ducing cells), $4B6 cells (anti-IL-2mAb-producing 
cells), l l B l l  cells (anti-IL-4 mAb-producing cells), 
7TD1 cells (IL-6 dependent cell line) were purchased 
from the American Type Culture Collection (Rockville, 
Maryland, USA) and serially maintained in our labora- 
tory. Murine L (L-Galveston) cells, maintained in our 
laboratory, were used for the assay of IFN-y 25. RPMI- 
1640 medium supplemented with 10% FBS, 2mM L- 
glutamine and antibiotics (complete media) was the 
media for cultivation of EL-4, $4B6 and l l B l l  cells. 
MEM supplemented with 10% FBS, 2 mM L-glutamine 
and antibiotics was the media for cultivation of 14.8 
cells and L-Galveston cells. CTLL-2 cells were cultured 
with complete media supplemented with 100 U/ml of 
IL-2. Complete media, supplemented with 30mM 
HEPES buffer and 5 • 10 -s M 2-ME, were used for the 
MLTR 24 and bioassay of IL-2 ~6, IL-426 and IL-627. The 
Indiana strain of vesicular stomatitis virus grown in 

monolayer cultures of L-Galveston cells was used for the 
IFN titration. Other reagents used in these experiments 
were: anti-CD3e mAb (Boehringer-Mannheim Biochem- 
icals, Indianapolis, Indiana, USA); anti-L3T4 and anti- 
Lyt 2.2 mAbs (Accurate Chemical and Scientific Corp., 
Westbury, New York, USA); anti-CDllb, anti-CD28, 
anti-TCRc~/fl and anti-IL-10mAbs (Pharmingen, San 
Diego, California, USA); anti-mouse-Ig antiserum 
(Cappel Laboratory, Cochranville, Pennsylvania, USA); 
low-tox-M rabbit complement (C, Cedarlane Laborato- 
ries, Hoenby, Ontario, Canada); Vicia villosa lectin (EY 
Laboratories, San Meteo, California, USA); N-acetyl- 
D-galactosamine, carbonyl iron and mitomycin C 
(Sigma Chemical Co., St. Louis, Missouri, USA); 
murine rIL-2, IL-4, IL-6 and IL-10 (Genzyme, Cam- 
bridge, Masachusetts, USA). 
Ge-132. 2-Carboxyethylgermanium sesquioxide (Ge- 
132) was kindly supplied by the Asai Germanium Re- 
search Institute, Tokyo (Japan). Ge-132 was dissolved 
in sterile physiological saline and administered orally to 
mice at appropriate doses. In the majority of experi- 
ments a 100 mg/kg dose of Ge-132 was administered to 
mice because our previous results showed ~6 that the 
activated macrophages were effectively induced in mice 
by this dose of the agent. 
Preparation of mononuclear cells (MNC). MNC were 
prepared from spleens of mice treated orally with Ge- 
132 or saline, as described previously 2s. Briefly, spleens 
were obtained from various groups of mice and teased 
through a steel mesh to prepare a single cell suspension. 
Removal of phagocytic cells from MNC suspensions 
was performed by treatment with carbonyl iron, as 
described previously 28. Cells which ingested carbonyl 
iron were depleted by Ficoll-Hypaque sedimentation 
(density 1.075 g/ml, 400 g for 30 rain). More than 99% 
of phagocytic cells were removed by this procedure. The 
viability of MNC obtained was shown to be more than 
99% by the trypan blue dye-exclusion test. 
Preparation of standard Thl and Th2 cells. Thl cells 
were prepared from mice treated with an arabinoman- 
nan extracted from Mycobacteriurn tuberculosis, as de- 
scribed previously 29,3~ In the presence of antigen- 
presenting cells and antigen, Th2 cells were generated in 
vitro from splenic T cells of mice immunized with 
KLH 31. 
A clone of suppressor T cells. A suppressor cell clone, 
designated as T6S cells, was isolated from burn-induced 
CD8 § IL-4-producing suppressor T cells generated in 
spleens of mice 6 days after thermal injury, as described 
previously ~. T6S cells were serially maintained in our 
laboratory in complete media supplemented with 10 U/ 
ml of IL-2. T6S cells were used as a standard suppressor 
T cell in the MLTR when testing for the activity of 
anti-suppressor cells J~. 
Assay of suppressor cell activity. As described previ- 
ously11.24, the suppressor cell activity of T6S cells was 
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assayed in a one-way MLTR. Responders (MNC from 
normal BALB/c mice, 5 x l04 cells/well) and stimula- 
tors (EL-4 thymoma cells, 5 x 104 cells/well) were co- 
cultured with or without T6S cells (5 x 103 cells/well) in 
a 96-well round-bottomed microtiter plate for 3 days at 
37 ~ in 5% CO2. Before subjection to the MLTR, all 
cells except responders were treated with mitomycin C, 
as described previously 11,24. [3H]-thymidine (0.5 ~tCi/ 
well) was added to the plate for the last 12 h of the 
incubation, and the [3H]-thymidine uptake by respon- 
der cells was measured, as described previously ~1,24. As 
compared with the incorporation of [3H]-thymidine 
into responder cells co-cultured with stimulator cells 
alone, the reduction of the isotope incorporation into 
the responder cells co-cultured with stimulator cells and 
T6S cells was considered to be suppressor cell activities 
of T6S cells. Each assay was performed three times, and 
the results were expressed as the mean of these three 
tests. The suppressor cell activity was calculated by the 
following formula: Suppression (%) = [ 1 - (cpm in the 
presence of T6S cells/cpm in the absence of T6S 
cells)] x 100. 
Assay of the anti-suppressor cell activity. The anti-sup- 
pressor cell activity of various cells derived from Ge- 
132-treated mice was determined in the MLTR assay 
system for suppressor cells, as described previously 11. 
T6S cells were employed as the standard suppressor 
cells in the MLTR assay ~. Responders (MNC from 
BALB/c mice, 5 x 104 cells/well), stimulators (EL-4 thy- 
morea) and T6S cells were co-cultured in the presence 
of putative anti-suppressor cells in the MLTR. Before 
subjection to the assay, all cells except responder cells 
were treated with mitomycin C, as described above. 
Responders, stimulators and T6S cells were co-cultured 
with various numbers of MNC from normal mice or 
anti-suppressor cells for 3 days at 37 ~ in 5% CO2. 
[3H]-thymidine (0.5 ~tCi/well) was added to each well 
12 h before being harvested. The incorporation of [3H]- 
thymidine into responder cells was measured by a liquid 
scintillation counter. The reduction of the suppressor 
cell activity of T6S ceils co-cultured with anti-suppres- 
sor cells in the MLTR was considered to be anti-sup- 
pressor cell activity. Each assay was performed three 
times, and the results were expressed as the mean of 
these three tests. The anti-suppressor cell activity was 
calculated using the following formula: Contrasuppres- 
sion (%) = [ 1-(% suppression of MLTR containing T6S 
cells and test cells/% suppression of MLTR containing 
T6S cells)] x 100. 
Characterization of anti-suppressor cells. To determine 
the type of cell responsible for anti-suppressor cell activ- 
ity, various splenic cell populations were obtained from 
Ge-132-treated mice. These cells were purified and 
treated with various mAbs followed by C and then 
assayed for their inhibitory activities in the MLTR ~. 

To obtain whole T cells, CD4 + T cells or CD8 + T cells, 
splenic MNC (1 x 107 cells/ml) were passed through the 
T Cell Enrichment Column, CD4 Subset Column or 
CD8 Subset Column (R&D Systems, Minneapolis, 
Minnesota, USA), respectively 1~ When the whole T 
cell fraction obtained was treated with anti-Is antiserum 
and C, only a 3% reduction in viable cells was demon- 
strated,whereas treatment of these cells with anti-CD3e 
mAb followed by C caused a 98% reduction in the 
number of viable cells. When the CD4 + T cell or CD8 + 
T cell fraction obtained was treated with anti- 
L3T4 mAb followed by C, 96% or 3% of viable cells 
were lysed. When they were treated with anti-Lyt 
2.2 mAb followed by C, 2% or 97% of viable cells were 
lysed, respectively. These results suggest that purity of 
these three cell preparations (whole T cells, CD4 + T 
cells and CD8 + T cells) is more than 96%. CD4 + T cells 
were further characterized phenotypically using various 
mAbs (4~ 30rain) plus C (1:30 dilution, 37~ 
30 min), as described previously 32. Monoclonal antibod- 
ies used in this experiment included; anti-CD1 lb ( 1 : 100 
dilution), anti-CD28 (1:50 dilution) and anti-TCR~//~ 
(1:100 dilution) 1~ For depletion of CD45RA + T 
cells, CD4 + T cells (5 x 106 cells/5 ml) were placed into 
the petri dishes (15x  100ram) coated with anti- 
CD45RAmAb (purified conditioning media of 14.8 
cells) and incubated for 1 h at 4 ~ then non-adherent 
cells were harvested by 3 to 4 gentle washes with cold 
media 33. For preparation of Vicia villosa lectin-adherent 
cells, CD4 + T cells were introduced into petri dishes 
coated with the lectin, as described previously 34,35. 
Briefly, 5 ml of the lectin solution (0.05 mg/ml) was 
added to a petri dish (15 x 100 ram) and incubated at 
room temperature for 2 h. After the petri dish was 
rinsed with PBS, a 2% FBS solution in PBS was added 
to the dish and incubated for 15 rain at room tempera- 
ture. Five milliliters of the cell suspension containing 
1 x 107 cells/ml of CD4 + T cells from mice treated with 
Ge-132 was added to the petri dish and incubated for 
45 rain at 37 ~ The non-adherent cells were harvested 
from the petri dish with warm PBS. Vicia villosa lectin- 
adherent T cells were harvested by adding 5 ml of 
N-acetyl-D-galactosamine (1 mg/ml) dissolved in PBS 
to the petri dish for 15 min at 37 ~ 
Measurement of cytokine activities. For induction of 
various cytokines, 2 x 106 cells/ml of CD4 + CD28 + 
TCR ~//~+ Vicia villosa lectin-adherent T cells purified 
from splenic mononuclear cells of Ge-132-treated mice 
were cultured without any stimulation for 24 to 72 h at 
37 ~ 26. Culture fluids harvested from these cell cultures 
were assayed for their cytokine activities. The IFN 
activity was determined by means of a plaque reduction 
assay utilizing L-Galveston cells infected with vesicular 
stomatitis virus, as described previously 25. The IFN titer 
in the fluids was determined by the reciprocal of the 
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Figure 1. Inhibition of T6S suppressor cell activity by splenic 
lymphocytes from mice treated with Ge-132. Five x 103 cells/ml of 
splenic mononuclear cells (MNC), prepared from mice 3 days 
after treatment with a 100 mg/kg dose of Ge-132, were co-cultured 
with responder cells (5 x 104 cells/well, splenic MNC from BALB/ 
c mice), stimulator cells (5 x 104 cells/well, EL-4 thymoma cells) 
and T6S cells (5 x 103 cells/well) for 3 days at 37 ~ in a one-way 
MLTR (C), as described in the 'Materials and methods' section. 
As a control, responder cells were co-cultured with stimulator 
cells (A) in the presence of T6S cells (B) in the MLTR. The 
reduction of the suppressor cell activity of T6S cells was consid- 
ered to be anti-suppressor cell activity and the results shown in the 
figure were expressed as the [3H]-thymidine incorporation into 
responder cells in each group. 

greatest dilution of  the test sample that  reduced virus 
plaques by 50% and compared to s tandard murine 
rIFN-725. The activity of  IL-2 and IL-4 was determined 
by CTLL-2 cells which are IL-2 and IL-4-dependent 26. 
The IL-6 activity was assayed using 7TD1 cells, an 
IL-6-dependent cell line 27, as described previously. The 
IL-10 activity was measured by ELISA using anti-IL- 
10 mAb 36. Each assay was performed three times, and 

the results obtained were expressed as the mean of  these 

three tests. : 
S t a t i s t i c a l  analysis. Results were analyzed statistically 
using Student 's  t-test. If  a P value was lower than 0.05, 
the result obtained was considered significant. 

R e s u l t s  

As shown in figure 1, the proliferation of  responder cells 
stimulated with allogeneic EL-4 cells was inhibited by 
T6S Cells when they were co-cultured in the M L T R  at a 
ratio of  1 : 1 : 0.1. However,  this activity of T6S cells was 
clearly inhibited when the M L T R  was conducted with 
splenic M N C  from normal  mice 3 days after treatment 
with Ge-132. When T6S cells were co-cultured with 
responders, stimulators and splenic M N C  from Ge-132- 
treated mice at a ratio of  1:1:0.1:0.1 in the MLTR,  
only 15% of  the proliferative response of responder cells 
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Figure 2. Effect of various effeetor to suppressor cell ratios on the 
anti-suppressor cell activity of splenic MNC from mice treated 
wth Ge-132. Five x 103 cells/well of T6S cells were co-cultured 
with graded numbers of anti-suppressor cells induced by Ge-132 
(Q) in the one-way MLTR. As a control (�9 various numbers of 
splenic MNC from normal mice were co-cultured with responders 
and stimulators in the presence of T6S cells (5 x 103 cells). Con- 
trasuppression (%) was calculated as the percent reduction of the 
T6S suppressor cell activity in the MLTR. 

was inhibited, as compared to 80% suppression of [3H]- 
thymidine incorporat ion into responder cells co-cul- 
tured with st imulator cells and T6S cells (p  < 0.001). 
This means that  splenic lymphocytes (macrophage-  
depleted splenic MNC)  from Ge-132-treated mice were 
able to inhibit 81% of  T6S suppressor cell activities. 
Similar anti-suppressor cell activity by splenic 
lymphocytes from Ge-132-treated mice was demon- 
strated when CD8 + suppressor T cells naturally gener- 
ated in mice 6 days after thermal injury ~~ were used as 
suppressors in the M L T R  (data  not  shown). In addi-  
tion, these anti-suppressor cell activities were not de- 
tected when cell-lysate derived from splenic 
lymphocytes of  Ge-132-treated mice or 1 to 500 gg/ml 
of Ge-132 was added to the M L T R  for the assay of  
suppressor cells (da ta  not  shown). This suggests that 
Ge-132 has no direct-inhibitory effects on the suppres- 
sor cell activity of  T6S cells in the MLTR,  and viable 
cells were required for the inhibition of  the T6S sup- 
pressor cell activity. A 50% inhibition of  the T6S cell 
activity was observed when T6S cells and splenic M N C  
from Ge-132-treated mice were co-cultured at  a ratio of  
1:0.5 (fig. 2). However, various numbers of  M N C  from 
normal  mice did not inhibit suppressor cell activities in 
the M L T R  (fig. 2). These results suggested that  the 
anti-suppressor cells were generated in spleens of  nor-  
mal mice after treatment with Ge-132. Therefore, kinet- 
ics of  the anti-suppressor cell appearance in normal  
mice treated with Ge-132 was examined next. As shown 
in figure 3, the anti-suppressor cell activity was first 
detected in spleens of  mice 2 days after treatment with 
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Figure 3. The time course on the appearance of anti-suppressor 
cells in spleens of Ge-132-treated mice. Splenic MNC, prepared 
from mice various days after Ge-I32 treatment, were assayed for 
their anti-suppressor cell activities in the MLTR. Contrasuppres- 
sion (%) was calculated as described in the legend for figure 2. 

Ge-132, and reached its peak 3 days after the treatment, 
then decreased gradually. 

In the first step, splenic MNC from mice treated with 
Ge-132 were fractionated by a column coated with 
various mAbs, and assay for their anti-suppressor cell 
activities in the MLTR. Results obtained were shown in 
table 1. The anti-suppressor cell activity was shown in 
whole T cells and CD4+ T cells derived from splenic 
MNC of Ge-132-treated mice, whereas the fraction of 

CD8 § T cells did not display any inhibitory activities on 
T6S suppressor cells. These results suggested that CD4 § 

T cells in these splenic MNC worked as the anti-sup- 
pressor cells. To determine phenotypic properties of 

anti-suppressor cells, in the next series of experiments 

these CD4 + T cells were treated with various mAbs 

followed by C, and the remaining cells were assayed for 

their anti-suppressor cell activities in the MLTR. When 

these cells were treated with anti-CD28 mAb or anti- 

TCRe/fl  mAb plus C. their anti-suppressor cell activi- 
ties were eliminated (table 2). When these cells were 
treated with a n t i - C D l l b  mAb plus C or an anti- 
CD45RA mAb-coated dish, no change in the anti-sup= 

pressor cell activity of these cells was demonstrated 
(table 2). In addition, a Vicia villosa lectin-adherent 
population of CD4 § T cells from Ge-132-treated mice 

counteracted the suppressor cell activity of T6S cells 
(table 3). These results suggested that CD4 + CD28 + 

TCRe//3 + Vicia villosa lectin-adherent T cells were 
shown to be anti-suppressor cells induced by Ge-132, 

and these phenotypic properties of anti-suppressor cells 
induced by Ge-132 were shown to resemble contrasup- 

pressor T cells described previously by Gershon and 
coworkers in 198137. However, we could not determine 
the phenotypic similarities between the contrasuppres- 

sor T cells described previously and anti-suppressor T 
cells induced by Ge-132, because there is not enough 

information for phenotypic analysis of contrasuppres- 
sor T cells in their reports 37. 

Next CD4 + CD28 + TCRe//3 + Vicia villosa lectin-adher- 
ent T cells purified from splenic MNC of Ge-132- 
treated mice were examined for their ability to produce 

cytokines in vitro. After incubation at 37 ~ for 24 to 
72 h, no significant amounts of IL-2, IL-4, IL-6 or 
IL-10 were detected in the culture fluids of these cells. 

However, IFN-7 was detected in the culture fluids of 
CD4 + CD28 + TCRc~//3 + Vicia villosa lectin-adherent T 
cells, with the maximum levels of 170 U/ml being ob- 

served 48 h after incubation. As controls the Thl  and 

Th2 cells were also assayed. Both of these cells pro- 
duced the maximum cytokine levels 48 h after incuba- 
tion. Thl  cells produced: 190 U/ml of IFN-7, 160 U/ml 

Table 1. Anti-suppressor cell activities of various cell preparations from spleens of mice treated with Ge-132 a. 

The MLTR was conducted cpm ~ Suppression of the MLTR Contrasuppression 
with T6S cells andb: (mean _+ SE) (%) (%) 

MLTR control 10,304 _+ 1,343 
T6S control 2,062 • 267 d 80 

Splenic MNC 8,490 _+ 1,126 a 18 78 
Whole T cell preparations 8,737 _+ 926 d 15 81 
CD4 + T cell preparations 8,861 _+ 1,050 d 14 83 
CD8 + T cell preparations 2,164 _+ 420 79 1 

aSplenic MNC, whole T, CD4 + T and CD8 + T cells were prepared from spleens of mice 3 days after treatment with a 100 mg/kg dose 
of Ge-132. 

bThe MLTR was conducted with responders, stimulators and T6S cells in the presence of putative anti-suppressor cells at a ratio of 
1:1:0.1:0.1. As a MLTR control, responder cells were co-cultured with only stimulator cells. As a control of the suppressor cells, 
responder cells and stimulator cells were co-cultured with T6S cells. 

~[3H]-thymidine incorporation into responder cells. 
dStudent's t-test, p <0.001: suppression, MLTR control vs T6S cell control; contrasuppression, T6S cell control vs tested cell 
preparations. 
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Table 2. Phenotypic properties of anti-suppressor cells induced in normal mice by Ge-I32% 

Research Articles 

The activity of anti-suppressor cpm c Suppression of the MLTR Contrasuppression 
cells treated withb: (mean • SE) (%) (%) 

MLTR control 12,985 _+ 1,511 
T6S control 2,467 + 375 a 81 

C alone 11,037 _+ 1,396 d 15 80 
Anti-CDl lb mAb plus C 10,907 _+ 1,320 d I6 79 
Anti-CD28 mAb plus C 2,337 __ 447 82 0 
Anti-CD45RA mAb-coated petri dishes 11,037 _+ 1,328 a 14 82 
Anti-TCRc~//~ mAb plus C 3,176 _+ 509 76 6 

aAs anti-suppressor cells, CD4 § T cells were prepared from spleens of mice 3 days after the treatment with a dose of 100 mg/kg of 
Ge-132. 

bThe MLTR was conducted With responders, stimulators and T6S cells in the presence of tested cells at a ratio of 1:1:0.1:0.1. As a 
MLTR control, responder cells were co-cultured with only stimulator cells. As a control of the suppressor cells, responder cells and 
stimulator cells were co-cultured with T6S cells. 

C[3H]-thymidine incorporation into responder cells. 
dStudent's t-test, p<0.001: suppression, MLTR control vs T6S cell control; contrasuppression, T6S cell control vs tested cell 
preparations. 

Table 3. Effect of Vicia villosa lectin treatment on the activity of CD4 + anti-suppressor cells induced by Ge-132 a. 

The MLTR was conducted cpm c Suppression of the MLTR Contrasuppression 
with T6S cells and CD4 + cellsb: (mean _+ SE) (%) (%) 

MLTR control 15,403 _+ 1,735 
T6S cell control 3,081 _+ 271 d 80 

Treated with media 
Not adhered to Vicia villosa lectin 
Adhered to Vicia villosa lectin 

12,466 • 1,430 d 19 76 
2,320 _+ 386 85 0 

13,247 _+ 1,241 d 14 82 

aAs anti-suppressor cells, CD4 + cells were prepared from mice 3 days after treatment with a 100 mg/kg dose of Ge-t32. 
bThe MLTR was conducted with responders, stimulators and T6S cells in the presence of tested cells at a ratio of 1:1:0.1:0.1. As a 
MLTR control, responder cells were co-cultured with only stimulator cells. As a control of the suppressor cells, responder cells and 
stimulator cells were co-cultured with T6S cells. 

C[3H]-thymidine incorporation into responder cells. 
aStudent's t-test, p<0.001: suppression, MLTR control vs T6S cell control; contrasuppression, T6S cell control vs tested cell 
preparations. 

of  IL-2, less than  5 U /ml  of  IL-4, 80 U /ml  of  IL-6 and  

less than  2 pg/ml of IL-10 (fig. 4). The Th2 cells pro- 
duced less than  4 U / m l  of  IFN-7,  IL-2 and  IL-6, 160 U/  
ml of  IL-4 and  70 pg/ml  of  IL-10. These results suggest 
that  ant i -suppressor  cells induced in no rma l  mice by 
Ge-132 may  be dist inguished from other CD4 + T cells, 

such as T h l  and  Th2 cells, by their cy tokine-producing 

profiles. 

Discussion 

In 1981 contrasuppressor  T cells were first reported as 
an  essential cell in immunoregu la t ion  37. They  were 
demons t ra ted  following the genera t ion  of  suppressor T 
cells37 42. Cont rasuppressor  T cells play a role in regu- 

lat ing the suppression of an t ibody  p roduc t ion  in vitro 
and  in vivo 3s'39, prevent ing the suppression of  D T H  4~ 

and  depressing the oral tolerance induced by sheep 
erythrocytes 34. Kuppe r  and  Green  described 41 that  the 
generat ion of contrasuppressor  T cells was involved in 

recovery from the immunosuppress ion  observed after 
b u r n  injury.  We recently reported 42 that  the adoptive 

transfer  of  contrasuppressor  T cells (which were gener- 
ated na tura l ly  in thermally injured mice) to thermally 
injured mice jus t  after the injury resulted in restorat ion 
of resistance to herpesvirus infections, to levels observed 

in no rma l  mice. 
In  the present  study, Ge-132 was shown to be an 
inducer  of  ant i -suppressor  cells. W h e n  normal  mice 
were teated orally with a 100mg/kg  dose of Ge-132, 
cells which were able to counterac t  the activity of sup- 
pressor cells were detected in the spleens. This ant i-sup- 
pressor cell activity, detected in the M L T R  performed 
with a clone of  bu rn - induced  CD8 + IL-4 producing  
suppressor T cells (T6S cells), was first demonst ra ted  in 
spleens of mice 2 days after the t rea tment  and  reached 
its peak 3 days after the t rea tment  with Ge-132. The 
ant i -suppressor  cells detected in spleens of  Ge-132- 
treated mice were determined to be CD4 § CD28 § 
TCRc~//~ + Vicia villosa lect in-adherent  T cells. IL-2, 
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Figure 4. Cytokine-producing activities of Thl cells, Th2 cells and 
CD4 + CD28 + TCRe//7 + Vicia villosa lectin-adherent T cells from 
Ge-132-treated mice in vitro. Thl cells and Th2 cells were pre- 
pared, as described in the 'Materials and methods' section. Anti- 
suppressor T cells induced in normal mice by Ge-132 (D), Thl 
cells (�9 Th2 cells (@) were cultured for 24 to 72h at 37 ~ in 
CO2. Cytokine activities in culture fluids of these cells were 
determined as described in the 'Materials and methods' section. 

1L-4, IL-6 and IL-10 were not produced by CD4 + 
anti-suppressor T cells induced by Ge-132. The anti- 
suppressor T cells induced by Ge-132 may belong to 
contrasuppressor T cells previously described by Ger- 
shon and coworkers 37, because contrasuppressor T cells 
had been characterized as CD4 + T cells with Vicia 
villosa lectin-adherence properties 37. 
It has been described in many papers 4,6-8 that Thl cells 
and Th2 cells are distinguished from each other by their 
cytokine-producing profiles. In this study, Thl cells 
induced in spleens of normal mice, which were previ- 
ously treated with arabinomannan extracted from M y -  
cobaeterium tuberculosis 29,3~ produced IL-2 and IL-6 in 
their culture fluids. Th2 cells, generated in mice immu- 
nized with KLH 31 produced IL-4 and IL-10 in their 
culture fluids without any stimulation. However, as 
described above, CD4 + anti-suppressor T cells induced 
in normal mice by Ge-132 produced no detectable cy- 
tokines in their culture fluids except IFN-7. IFN-7 activ- 
ities were detected in the culture fluids of Thl and 

CD4 + anti-suppressor T cells. These results suggest that 
CD4 + anti-suppressor T cells induced by Ge-132 might 
be distinguished from other CD4 + T cells (Thl and Th2 
cells) by their cytokine-producing profiles. In addition, 
CD4 + Vicia villosa lectin-adherent anti-suppressor T 
cells induced by Ge-132 showed no helper cell activities 
when they were subjected to the hemolysin production 
assay and no killer cell activity when they were tested by 
51Cr-release assay (data not shown). The activity of 
Ge-132-induced anti-suppressor T cells did not change 
when assayed in the MLTR (responders, stimulators, 
T6S cells plus anti-suppressor T cells) in the presence of 
anti-TNF-~, anti-IL-2, anti-IL-3, anti• and anti- 
GM-CSF mAbs. However, the culture fluids harvested 
48 h after cultivation of Ge-132-induced anti-suppressor 
T cells significantly decreased the suppressor cell activ- 
ity of T6S cells (data not shown). This suggests that 
there is a soluble factor(s), which has anti-suppressor T 
cell activity, released from Ge-132 induced anti-suppres- 
sor T cells. However, TNF-~, IL-2, IL-3, TGF-/7 and 
GM-CSF were not part of this soluble factor. We have 
also attempted to generate anti-supporessor T cells in 
vitro. Anti-suppressor T cells were generated when 
splenic MNC were stimulated in vitro with the anti-sup- 
pressor cell inducer for 24 to 72 h. The activity of 
anti-suppressor T cells was only detected when suppres- 
sor macrophages, which may appear during the cultiva- 
tion, were depleted for effector cell preparations. 
However, anti-suppressor T cells were not generated in 
vitro when macrophage depleted MNC were stimulated 
with the inducer. Since IFN-y was produced from anti- 
suppressor T cells induced by Ge-132, the role of IFN-y 
on the activity of Ge-132-induced anti-suppressor T 
cells was examined in the MLTR supplemented with 
antMFN-y mAb. When Ge-132-induced anti-suppres- 
sor T cells were co-cultured with T6S cells in the MLTR 
in the presence of 100 ~tg/ml of the mAb, the MLTR 
was cleraly inhibited (85% inhibition). This suggests 
that IFN-7, may be released from the anti-suppressor T 
cells, is not involved on the inhibition of T6S, is not 
involved on the inhibition of T6S suppressor cell activi- 
ties by Ge-132 induced anti-suppressor T cells. 
Recent descriptions from several laboratories are show- 
ing 43,44 that skewing toward Th2 cells resulted in de- 
creased cell-mediated immunity. Cytokine products 
(IL-4 and IL-10) from Th2 cells have been shown to 
inhibit: IFN-7 production 43'44, establishment of 
D T H  43'44 and activity of macrophage or NK c e l l s  43'44. 

Both murine and human studies demonstrated 6,7,45 that 
shifting of cellular functions to Th2 cells from Thl cells 
may lead to decreased resistance against various infec- 
tions including Leishmania major 46. Listeria monocyto- 
genes 47, Candida albicans 48, murine leukemia virus 49 
and HIV 5~ The increased susceptibility associated with 
the Thl to Th2 cell shift has also been reported in 
individuals bearing CD8 + suppressor T cells 4,6'7. We 
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have described ~~ that  the susceptibility of  normal  mice 
to oppor tunis t ic  herpesvirus infections was increased to 

levels observed in thermally injured mice when burn-as-  
sociated CD8 + IL-4-producing  type 2 T cells were 

adoptiveiy transferred into these mice. In addi t ion,  
adoptive transfer of  cont rasuppressor  T cells, generated 

natura l ly  in thermally injured mice, to herpesvirus-ex- 
posed thermally injured mice results in the improved 

resistane of  these mice to HSV infection. 

In this s tudy Ge-132 was shown to be an  inducer  of  
contrasuppressor  T cells which are able to effectively 
inhibi t  the suppressor cell activity of  type 2 T cells. 

Ge-132 may  be useful against  var ious oppor tunis t ic  
infections which develop in i m m u n o c o m p r o m i s e d  hosts 
bear ing type 2 T cells. 

Acknowledgments. The authors would like to thank Asai Germa- 
nium Research Institute, Tokyo (Japan) for their interest and 
supply of Ge-132. 

1 Schatten, S., Grantein, R. D., Drebin, J. A., and Greene, M. 
I. Crit. Rev. Immun. 4 (1984) 335. 

2 North, R. J., Awwad, M., and Dunn, P. L., Transplant. Proc. 
21 (1989) 575. 

3 Aranda-Anzaldo, A., Res. Immun. 142 (1991) 541. 
4 Bloom, B. R., Modlin, R. L., and Salgame, P., A. Rev. 

Immun. 10 (1992) 453. 
5 Munster, A. M., Lancet 1 (1976) 1329. 
6 Scott, P., and Kaufmann, S. H. E., Immun. Today 12 (1991) 

346. 
7 Prete, G. D., and Romagnani, S., Trends Microbiol. 2 (1994) 

4. 
8 Jayaraman, S., Heiligenhaus, A., Rodriguez, A., Soukiasian, 

S., Dorf, M. E., and Foster, C. S., J. Immun. 151 (1993) 5777. 
9 Kupper, T. S., Baker, C. C., Ferguson, T. A., and Green, D. 

R., J. surg. Res. 38 (1985) 606. 
10 Kobayashi, M., Herndon, D. N., Pollard, R. B., and Suzuki, 

F., Immun. Lett. 40 (1994) 199. 
11 Kobayashi, M., Utsunomiya, T., Herndon, D. N ,  Pollard, R. 

B., and Suzuki, F., Immun. Lett. 40 (1994) 13. 
12 Mathieu, J., Masson, I., Chancerelle, Y., Chanaud, B., Stra- 

zlko, S., Desousa, M., Kergonou, J. F., Giroud, J. P., and 
Florentin, I., J. Leukocyte Biol. 55 (1994) 64. 

13 Griswold, D. E., Alessi, S., Badger, A. M., Poste, G., and 
Hanna, N., J. Immun. 132 (1984) 3054. 

14 Zapata-Sirvent, R. L., Hansbrough, J. F., Bender, E. M., 
Bartle, E. J., Mansour, M. A., and Carter, W. H., Surgery 99 
(1986) 53. 

15 Tsutsui, M., Kakimoto, N., and Axtell, D. D., J. Am. chem. 
Soc. 98 (1976) 8287. 

16 Suzuki, F., Brutkiewicz, R. R., and Pollard, R. B., Anticancer 
Res. 5 (1985) 479. 

I7 Brutkiewicz, R. R., and Suzuki, F., in vivo 1 (1987) 189. 
18 Kumano, N., Ishikawa, Y., and Konumaru, S., Toholu J. expl. 

Med. 146 (1985) 97. 
19 Sato, H., and Iwaguchi, T., Cancer Chemother. 6 (1979) 79. 
20 Aso, H., Suzuki, F., Yamaguchi, T., Hayashi, Y., Ebina, T., 

and Ishida, N., Microbiol. Immun. 29 (1985) 65. 

21 Suzuki, F., Brutkiewicz, R. R., and Pollard, R. B,, Int. J. 
Immunother. 2 (1986) 239. 

22 Aso, H., Suzuki, F., Ebiha, T., and Ishida, N., J. biol. Re- 
sponse Modifiers 8 (1989) 180. 

23 Kobayashi, H., Aso, H., Ishida, N., Maeda, H., Schmitt, D. 
A,  Pollard, R. B., and Suzuki, F ,  Immunopharmac. Im- 
mun0toxic. 14 (1992) 841. 

24 Sasaki, H., Schmitt, D. A,  Kobayashi, M., Hayashi, Y., 
Pollard, R. B., and Suzuki, F., Nat. Immun, 12 (1993) 
15Z 

25 Suzuki, F., and Pollard, R. B., J. Immun. 129 (1982) 1811. 
26 Adkins, B., and Hamilton, K., J. hnmun. 149 (1992) 3448. 
27 VanSnick, J., Cayphas, S., Vink, A., Uyttenhove, C., Coufie, 

P. G., Rubira, M. R., and Simpsom, R. J., Proc, natl. Acad. 
Sci. USA 83 (1986) 9679. 

28 Suzuki, F., and Pollard, R. B., J. Trauma 27 (1987) 379. 
29 Suzuki, F., Brutkiewicz, R. R., and Pollard, R. B., J. natl. 

Cancer. Inst. 77 (1986) 441. 
30 Pollard, R. B., Schmitt, D. A., Sasaki, H., Hayashi, Y., and 

Suzuki, F., Anticancer Res. 10 (1990) 285. 
31 Asano, Y., and Tada, T., J. lmmun. 142 (1989) 365. 
32 Suzuki, F,, and Pollard, R. B., Immun. Lett. 19 (1988) 33. 
33 Kincade, P. W., Lee, G., Watanabe, T., Sun, L., and Scheid, 

M. P., J. Immun. I27 (1981) 2262. 
34 Suzuki, I., Kiyono, H., Kitamura, K., Green, D. R., and 

McGhee, J. R., Nature 320 (1986) 451. 
35 Kobayashi, M., Schmitt, D. A. Utsunomiya, T., Pollard, R. 

B., and Suzuki, F., Immun. Cell Biol. 7t (1993) 181. 
36 Mosmann, R. T., Schumacher, J. H., Fiorentino, D. F., 

Leverah, J., Moore, K. W., and Bond, M. W., J. Immun. 145 
(1990) 2938. 

37 Gershon, R. K., Eardley, D. D., Durum, S., Green, D. R., 
Shen, F. W., Yamauchi, K., Cantor, H., and Murphy, D. B., 
J. exp. Med. 153 (1981) 1533. 

38 Green, D. R., Eardley, D. D., Kimura, A., Murphy, D. B., 
Yamauchi, K., and Gershon, R. K., Eur. J. Immun. 11 (1981) 
973. 

39 Paraskevas, F., Lee, S. T., Maeba, J., and Davis, C. S., Cell. 
Immun. 92 (1985) 53. 

40 Ptak, W., Bereta, M., Marcinkiewicz, J., Gershon, R. K., and 
Green, D. R., J. Immun. 133 (1984) 623. 

41 Kupper, T. S., and Green, D. R., J. Immun. 135(1984) 3047. 
42 Matsuo, R., Ball, M. A., Kobayashi, M., Herndon, D. N., 

Pollard, R. B., and Suzuki, F., Int. J. Immunopharmac. 16 
(1994) 855. 

43 Sher, A., Gazzinelli, R. T., Oswald, I. P., Clerici, M., Kull- 
berg, M., Pearce, E. J., Berzofsky, J. A., Mosmann, T. R., 
James, S. L., Morse III, H. C., and Shearer, G. M., Immun. 
Rev. 127(1992) 183. 

44 Modlin, R. L., and Nutman, T. B., Curr. Opin. Immun. 5 
(1993) 511. 

45 Clerici, M., and Shearer, G. M., Immun. Today 14 (1993) 107. 
46 Sadick, M. D., Heinzel, F. P., Hotaday, B. J., Pu, R. T., 

Dawkins, R. S., and Locksley, R. M., J. expl Med. 171 (1990) 
115. 

47 Haak-Frendscho, M., Brown, J. F., IIzawa, Y., Wagner, R. 
D., and Czuprynski, C. J., J. Immun. 148 (1992) 3978. 

48 Romani, L., Mencacci, A., Grohmann, U., Mocci, S., Mosci, 
P., Puccetti, P., and Bistoni, F., J. expl Meal. 176 (1992) 19. 

49 Kanagawa, O., Vaupel, B. A., Gayama, S., Koehler, G., and 
Kopf, M., Science 262 (1993) 240. 

50 Barcellini, W., Rizzardi, G. P., Borghi, M. O., Fain, C., 
Lazzarin, A., and Meroni, P. L., AIDS 8 (1994) 757. 


