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AS-101: a modulator of in vitro T-cell proliferation
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AS-101 is a tellurate compound originally designed as a
drug with cytostatic activity. Nevertheless, in vivo it was
found to be an immunomodulator agent due to a stimula-
tion of cytokine production. Mitotic index (MI) as an
indicator of cytotoxicity and cell proliferation kinetics
(CPK) in lymphocytes cultures are parameters used in
the evaluation of the antineoplastic activity of drugs, such
as mitomycin-C and cisplatin. For this reason, we evalu-
ated the effects of AS-101 upon these two parameters.
The results show that AS-101 produces an inhibition of
Ml in proliferating lymphocytes higher than the inhibition
mediated by cisplatin. When CPK was evaluated, AS-101
induced a retardation not related with dose, while cispla-
tin produced a stepwise inhibition. This effect contrasts
with the stimulation observed when AS-101 was added to
non-proliferating lymphocytes which was measured as an
increased [*H]thymidine Incorporation in culture. The
results confirm the mode of action of AS-101 as a real
modulating agent of cell proliferation.
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Introduction

AS-101 is an organic tellurate compound originally
designed to be used as a cytostatic drug. Therefore,
its formula was shaped based on that of the anti-
tumor agent cisplatin, but using tellurium instead
of platinum.’

When characterized, it was found to be an immu-
nomodulator agent which increased [*H]thymidine
incorporation, and stimulated interleukin (IL)-2
production and IL-2 receptor appearance in
mononuclear cells."”?

AS-101 also stimulates IL-1 production by spleen
cells and peritoneal exudates in mice.* For this
reason it is considered as a radioprotective agent,
since IL-1 has been shown to increase survival in
lethaly irradiated mice.’

Another effect of AS-101 is to induce the
production of colony-stimulating factor (CSF), as
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well as tumor necrosis factor (TNF) and interferon
(IFN)-y.! This effect is enhanced when administered
with bryostatin, a natural lactone that activates
protein kinase C (PKC).?

AS-101 stimulates cytokine production. This
induction exerts a protective effect against DNA
damaging agents like cyclophosphamide and
radiation.® When administered in combination with
chemotherapy it not only protects against toxic
effects of drugs, but also helps in the restoration of
bone marrow cellularity after treatment, normaliz-
ing hemopoiesis.®

In a study made by one of us in 13 patients with
advanced cancers (kidney, melanoma, pancreas,
colon and mesothelioma), AS-101 administered
three times per week in escalating doses of
0.1-3.0 mg/m®, as an anticancer drug, helped to
ameliorate their performance status at one level
above the initial, which was maintained over 24
weeks in seven patients. In three patients there were
tumor decreases close to 50% (kidney, melanoma
and mesothelioma).’

The effects on immunological cells and functions
suggested that AS-101 might be a useful drug
against alterations where there is an impairment of
immune cell,> proliferation like cancer, systemic
lupus erythematosus (SLE), AIDS® or immunosup-
tessive conditions caused by exposure to radiation
or chemotherapy.

A mechanism proposed for the action of AS-101
on lymphocytes is that it might efficiently trigger
the Ca®* signal required to initiate lymphocyte
activation. It has been suggested that AS-101 might
generate a second signal, probably the activation of
PKC,? because when added in combination with
phorbol miristate acetate (PMA) or with bryostatin
it showed a synergistic effect in mononuclear cell
proliferation.

Cell proliferation kinetics (CPK), measured by
bromodeoxyuridine (BrdUrd) incorporation into
DNA during the S phase of the cell cvcle, is a
parameter used in the evaluation of cytostatic
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activity of drugs and hormones® '’ together with

mitotic index (MI) as an indicator of cytotoxicity.
We have used this system to study the effect of
AS-101 on lymphocyte proliferation in whole blood
cultures in order to evaluate its mode of action.

Materials and methods
Whole blood cultures

Heparinized blood (0.5ml) from two healthy
subjects (a male and a female) was set in RPMI 1640,
supplemented with L-glutamine and non-essential
amino acids, in the presence of 32 uM BrdUrd to
label cells that synthesize DNA. Lymphocytes were
stimulated to grow with 0.2 ml phytohemaggluti-
nine (PHA) (Microlab, Mexico). After 48h of
incubation at 37°C, different concentrations of
AS-101 or cisplatin were added to proliferating
cultures and incubation went on for an additional
24 h; cisplatin alone was used as a positive control.
Concentrations used were chosen previously in a
cytotoxicity test to produce a measurable effect on
MI as well as in CPK. Cells were harvested as
follows: at 70 h colcemid (2 ug/culture) was added
to block cells arriving at metaphase; 2h later
cultures were stopped with hypotonic solution
(0.075 M KCl) and incubated for 30 min. Material
was fixed with Carnoy solution (methanol:acetic
acid, 3:1, v/v), and microscope slides were prepared
and stained according to the fluorescence plus
Giemsa technique'? to differentiate cells that went
through one, two, three or more cell cycles,
according to the staining pattern produced by
BrdUrd incorporation.

Before this treatment scheme was applied,
another scheme was tried where cells were treated
with AS-101 at the onset of cultures and without
PHA stimulation. It did not work, as will be
discussed later.

MI was scored as the number of mitotic figures
in 2000 cells. Percentage of proliferation in the
presence of either drug was calculated according to
the formula:

% of proliferation = 100(MI,/MIL,,),

where MI,, is the MI found with a drug
concentration and MI_,, is the MI in cultures with
no treatment.

CPK was evaluated in the first 100 metaphases,
by counting the proportions of cells in the first
(M1), second (M2) and thitd (M3) mitotic divisions.
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Molar concentrations of AS-101 tested were:
3.23 x 1077, 3.23 x 107 % and 3.23x 107 M.

Molar concentrations of cisplatin tested were:
3.4x107°% 85x1073and 2x10™* M.

Chi-square and Student’s #-test were used for
statistical analysis.

Microplate cultures

Peripheral blood mononuclear cells (3 x 10* per
well) were plated, treated with 50 ul of the
corresponding drug concentration and incubated
for 18-19 h at 37°C in a humidified atmosphere with
5% CO,. At that time cells were labelled with
0.1 uCijwell [’H]thymidine (6.7 Ci/mmol) and in-
cubated for an additional 8 h.

Cells were harvested on glass fiber filters, dried
and counts measured in a scintillator counter.
Percentage of proliferation was calculated accord-
ing to the formula:

% of proliferation = 100 (c.p.m.,/c.p.m. )

where c.p.m.,, is the [’H]thymidine incorporation
measured in drug treated wells and c.p.m.,, is the
incorporation found in controls.

Results and discussion

When AS-101 was administered at the initiation of
whole blood cultures (without PHA stimulation),
all doses were toxic, no stimulation was observed
and erythrocytes were affected, apparently by
hemolisis. An erythrocyte antisickling effect by
tellurite was described by Kurantsin ef a/.'> An effect
of AS-101 on this cell type in culture was observed,
even when administered after 48h in PHA-
stimulated cultures. Although no adverse i vivo
action related to this matter has been reported, its
effect should be monitored in case long-term
treatments are planned.

When AS-101 was added in proliferating cells it
produced MI inhibition, which increased with the
dose (Figure 1), and a delay in CPK, which was not
dose related (p < 0.025) (Figure 2). The cells
received AS-101 after 48 h of PHA stimulation,
when PKC activation had already occurred' and
the cells were in active proliferation. The inhibition
could be due to the induction of a negative feedback
of PKC in these cells when there is a sustained
activation, because AS-101 did not prevent
lymphocytes from dividing once (according to the
amount of M1 found at 72 h, Figure 2), but rather
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Figure 1. Effect of cispiatin and AS-101 on lymphocytes from cultures
stimulated with PHA. Lower doses of AS-101 were necessary to
produce similar Ml inhibition. *Control taken as 100%.
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Figure 2. Proportions of cells that divided once (M1), twice
(M2) or thrice (M3) during the culture were significantly
altered by AS-101 with respect to control without
treatment. Nevertheless inhibition was not related to the
dose. *p < 0.025; **p < 0.01.

impaired or delayed successive cell divisions. In
other studies the drug has been tested for its effect
on non-cycling cells where proliferation stimulation
was found.'

Cytotoxicity or inhibition of MI by AS-101 was
shown to be more potent than cisplatin since
smaller concentrations of AS-101 were needed to
lower MI to similar levels (Figure 1). However, if
CPK is analyzed, AS-101 showed a unique action
which was detected at the lowest concentration used
(3 x 107" M) and sustained at the same magnitude
for the higher concentrations (3x107% and
3 x 107> M). The proportion of M1 cells increased,

affecting only the proportion of M3 cells (Figure
2). Cisplatin, in turn, showed a stepwise retardation
of CPK, which was reflected as a gradual
accumulation of cells in M1 and M2 until the
proportions of M1, M2 and M3 cells were almost
the same (Figure 3).

Due to its stimulating effect on non-proliferative
cells, Sredni et al'? proposed AS-101 to be a
modulating agent. Since we found an inhibitory
effect on lymphocyte cultures, to confirm our
observations and make them comparable to those
of Sredni e# al., we tested AS-101 on lymphocyte
microcultures in 96-well plates and measured its
effect on [’H]thymidine incorporation, using
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Figure 3. Cisplatin also altered the proportions of M1, M2
and M3 cells with respect to control cultures. In this case
the effect increases with the dose. *p < 0.05.
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Figure 4. AS-101 induced [*H]thymidine incorporation in lympho-
cytes not stimulated with PHA, whereas in a stimulated culture it
did not alter incorporation and in the higher dose it induced
inhibition, which was also found in non-stimulated cells. *Control

taken as 100%.

comparable doses. We found a stimulation effect
without PHA, as Sredni ¢ «/. did, and no effect or
inhibition when the mitogen was present (Figure 4).
This mode of action of AS-101 on lymphocytes
confirms that this drug has a real modulating effect
on cell growth, since it induces division in
non-stimulated cells and inhibits mitosis and DNA
synthesis when the cells are proliferating.

References

1. Sredni B, Caspi RR, Klein A, ¢/ a/. A new immunomodu-
lating compound (AS101) with potential therapeutic
application. Nature 1987; 330: 173.

2. Sredni B, Kalechman Y, Albeck M, er 4/. Cytokine
secretion effected by synergism of the immunomodulator
AS101 and the protein kinase C inducer bryostatin.
Immaunology 1990; 70: 473-7.

3. Alcocer—Varela J, Alarcon-Segovia D, Sredni B, ef a/.
Effect of a new immunoregulator AS-101 on #n vitre
functions of mononuclear cells from patients with systemic
lupus erythematosus. Clin Exp Immunol 1989; 77: 319-23.

4. Kalechman Y, Albeck M, Oron M, ¢f 4. Radioprotective
effects of the immunomodulator AS101. | Immaunol 1990,
145: 1512-7.

5. Swartz GN, Neta R, Vigneulle RM, e# 4/, Recovery of
hematopoietic colony-forming cells in irradiated mice
pretreated with interleukin 1 (IL-1). Exp Hematol 1988;
16: 752.

354 Anti-Cancer Drugs* Vol 41993

6. Kalechman Y, Albeck M, Oron M, ¢ 4/. Protective and
restorative role of AS101 in combination with chemo-
therapy. Cancer Res 1991; 51: 1499-503.

7. Gerson R, Albeck M, Sredni S, ¢f a/. Phase [ study of AS-
101 in cancer patients. Proc Am Soc Clin Oncol 1990;9: 77.

8. Ruiz-Palacios GM, Ponce de Leén S, Alarcén-Segovia D,
et al. Tolerance and response to AS-101, a new
immunomodulator, in AIDS patients. IV International
Conference on AIDS, Stockholm, Sweden 1988.

9. Ostrosky-Wegman P, Montero R, Hernandez N, ¢ al.
Lymphocyte proliferation kinetics as a cytostatic screening
system. Environ Mol Mutagen 1988; 11: 80.

10. Rojas E, Montero R, Herrera LA, ¢f a/. Are mitotic index
and lymphocyte proliferation kinetics reproducible end-
points in genetic toxicology? Mutat Res 1992; 282: 283-6.

11. Herrera LA, Montero R, Ledén Cazares JM, ef a/. Effects
of progesterone and estradiol on the proliferation of
phytohemagglutinine-stimulated human  lymphocytes.
Mutat Res 1992; 270: 211-18.

12, Perry P, Wolff S. New Giemsa method for differential
staining of sister chromatid. Nature 1974; 261: 156-8.

13. Kurantsin-Mills J, Klug RK, Lessin LS, ¢/ a/. Irreversible
erythrocyte volume expansion induced by tellurite. Br |
Haematol 1988; 70: 369-74.

14. Kikkawa U, Kishimoto A, Nishizuka Y, ¢f a/. The protein
kinase C family: heterogeneity and its implications. Anns
Rev Biochemr 1989; 58: 31-44.

(Received 14 September 1992, revised version received
11 February 1993; accepted 18 March 1993)



