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The Effect of Interleukin-2 on Natural Suppressor Activity of Bone
Marrow and Peripheral Stem Cell Products from Patients with non-
Hodgkin’s Lymphoma
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The activity of natural suppressor (NS) cells of peripheral stem cell (PSC) and bone marrow (BM)
products from 24 patients with non-Hodgkin’s lymphoma (NHL) were examined both before and following 5
days co-incubation with IL-2. This study showed that in the PSC products prior to IL-2 incubation, NS
activity  had been higher than both normal peripheral blood leukocytes (PBL) and BM products (p<0.001).
Following IL-2 activation, NS activity of PSC decreased (p<0.05) while BM products’ NS activity increased
(p<0.05) compared to culture in the absence of IL-2. NS activity levels were significantly different between
PBL from normal donors and PSC from patients with NHL after culture with IL-2 (p<0.05). As these results
show, NS activity is higher in PSC from NHL patients than that of controls and in the presence  of
suppressor cells, lymphocytes from the PSC products of NHL patients did not respond to IL-2 with an
increase in proliferative capacity. [Journal of Turgut Özal Medical Center 1997;4(1):1-6]
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1RQ�+RGJNLQ OHQIRPDOÕ KDVWDODUGDQ HOGH HGLOHQ SHULIHULN VWHP FHOO YH NHPLN LOL÷L

hücrelerinin natural supresör aktivitesi üzerine interleukin-2’nin etkisi
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Lymphocytes that demonstrating nonspesific
inhibition of some immune response are called

natural suppressor cells. These cells have been
found following total irradiation and in neonatal
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animals. They may share a common lineage and
function with natural killer (NK) cells.

The results of some studies indicate that there is
an immune suppression after autologous BM
transplantation and PSC transplantation as
compared to normal PBL (1-4). These patients show
a depressed T cell immune function including their
immune responses to antigen and mitogen induced
T cell proliferation and IL-2 production after stem
cell transplantation (5). In contrast to these
observations, lymphocyte proliferative response to
high concentration of IL-2 in the absence of antigen
stimulation has been reported to normalize more
rapidly following transplantation and to be
associated with the presence of normal or increased
numbers of circulating NK cells (6). The abnormal
immune function may be associated, at least in part,
with the immunologic characteristics of the infused
PSC product. PSC products after transplantation
may contain high levels of suppressor cell activity.
The presence of suppressor cells may have an
important role in the induction of
immunosuppression observed post PSC
transplantation and should be considered in any
strategy of immune-based adjuvant therapy.

Interleukin-2 (IL-2) plays an important role in
the clonal expansion of activated T lymphocytes. In
addition to its T cell growth-stimulatory activity,
generation of lymphokine-activated killer (LAK)
cells, production of cytokines, enhancement of
monocyte cytotoxicity, augmentation of NK cell
activity, and stimulation of B cells’ proliferation (7-
11), IL-2 reverse some anergic mechanisms by
allowing the T cells to undergo cell division
(10,12). The peripheral blood of cancer patients
contains B and T cells that recognize antigens
expressed by autologous cancer cells, although
immune tolerance can reduce the immunologic
repertoire against the cancer cells (13).
Furthermore, the infusion of T cell populations
enriched with cells directed against defined
immunodominant epitopes may provide adjuvant
therapeutic activity (14).

Natural suppressor cell activity is mediated by
cells of BM origin and has the ability to suppress
the proliferative response of lymphocytes in a non-
major histocompatibility complex (MHC) restricted
manner (15).  Although, the lineage of suppressor
cells are undefined, the activity is detected in tissues
undergoing intense hematopoietic regeneration,

including neonatal spleen, adult bone marrow, the
spleen following total lymphoid irradiation,
cyclophosphamide administration, and tumor
growth (16,17). It is possible that suppressor cells in
the BM migrate to peripheral sites following
appropriate stimulation (18,19). Macrophage-like
cells, separable by adherence properties, have also
been reported to suppress immune responses
through the production of soluble factors.
Immunosuppressive adherent-macrophage-like cells
in rabbit bone marrow (20) have been shown to
produce soluble factors capable of blocking both IL-
2 induction and activity (21-23). Several studies
have also demonstrated that recombinant IL-3 and
recombinant granulocyte-monocyte-colony
stimulating factor (rGM-CSF), are both efficient at
activating bone marrow NS cells, even at very low
cytokine concentrations (18,24,25). Activated NS
cells produce a cytokine or cytokines which
inhibited IL-2 synthesis of spleen cell. Suppressor
macrophages appear in some conditions to inhibit
the proliferative response of lymphocytes by a nitric
oxide (NO)-mechanism dependent upon inducible
NO synthetase.  Furthermore, IFN-γ is a potent
inducer of this enzyme and this cytokine plays a
critical role in NS cell activation (26,27).

In a previous study (28), we found a significant
depression in T cell proliferation (PHA mitogenesis)
in NHL patients as well as significant levels of
suppressor cell activity. Because of the potential
role of such suppressor cells in delaying the immune
reconstitution of PSC transplantation patients
(7,26,29), we examined their role in the T cell
dysfunction in stem cell products. The aim of this
study was to evaluate the response of NS activity to
culture using short-term (5 days) cultures with IL-2
in PSC and in BM product from NHL patients.

MATERIALS AND METHODS

Patients. This study was carried on 24
consecutive intermediate grade NHL patients who
were candidates for high dose therapy (HDT) and
PSC transplantation (n=14) or autologous BM
transplantation (n=10) at the University of Nebraska
Medical Center (UNMC) were entered into these
studies. Written informed consent for stem cell
collection and autologous transplantation was
obtained from each patient. Peripheral blood
progenitor cells were mobilized with granulocyte-
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monocyte colony stimulating factor (GM-CSF) by
intravenous administration of 250 µg/m2 and a
target dose of 6.5x108 mononuclear cells/kg body
weight, and samples were collected and
cryopreserved.  A minimum of three apheresis
sessions were performed beginning at three or more
days after the initiation of GM-CSF administration.
Following stem cell transplantation, all patients
received GM-CSF until their absolute neutrophil
count was >500/mm3 on two consecutive days. BM
products were collected according to protocol
established at the University of Nebraska Medical
Center. All samples were obtained using protocols
approved by the Institutional Review Board of
UNMC. In addition, PBL were obtained from 20
normal healthy volunteer donors.

Preparation of cells.  The PSC, BM, or PB was
diluted 1:1 (1:2 for PSC products) in Hanks
Balanced Salt Solution (HBSS) (Gibco BRL, Grand
Island, NY), layered on Ficoll Hypaque (Organon
Teknika, Durham, NC) and centrifuged for 20
minutes at 1400 rpm. After centrifugation, the
aqueous layer was removed and the mononuclear
cell layer was transferred to another tube. The cells
were then washed twice in HBSS and adjusted to
4x106/ml in RPMI-1640 (Gibco BRL, Grand Island,
NY) containing 10% fetal bovine serum (FBS)
(Hyclone, Logan, UT), 10 mM HEPES (Research
Organics, Cleveland, OH), 40 µg/ml gentamycin
(Gibco BRL) and 2 mM L-glutamine (Gibco BRL).

Five days IL-2 co-culture.  Fresh PSC’s, BM
cells, and PBLs were cultured in RPMI-1640
medium supplemented with 10% FCS, 2 mM L-
glutamine and 40 µg/ml gentamycin.  For each
experiment, a T-25 tissue culture flask (Costar,
Cambridge, MA) was established with 1x106 cells
per ml.  These flasks were supplemented with
recombinant human IL-2 (Chiron Corporation,
Emeryville, CA) (specific activity 3x106 units/mg)
at a final concentration of 100 IU/ml.  Cultures were
incubated at 37°C in a 5% CO2 incubator for 5 days,
after this period cells were harvested and tested for
cytotoxicity.

Suppression cell assay. The effect of phagocytic
suppressor cells on lymphocyte proliferation in
response to IL-2 by the cells in PSC and BM
products and in normal PBL was investigated using
the following experiment. PSC, BM, and PBL
samples were cultured in vitro with IL-2 at 100
U/ml doses. The co-culture assay to measure

suppressor cell function has been done following
routine procedures. Briefly, Ficoll Hypaque purified
normal donor PBL (1x105/ml) as responder cells
were co-cultured with varying numbers of irradiated
(500 cGy) putative suppressor cells (PBL or PSC
product) starting at a suppressor to responder cell
(S:R) ratio of 4:1 and an optimal concentration of
PHA. Four, two-fold dilutions of suppressor cells
(50 µl) were made in microplate with 96 flat bottom
wells. The responder cells were then added (50 µl)
together with the PHA (100 µl) to achieve 0.5
µg/ml. Cells were cultured at 37°C (5% CO2) for
three days in RPMI-1640 medium-10% FBS and the
mitogenic response by the responder population
assayed by pulsing with 1 µCi/well 3H-thymidine
over the final 18 hours of culture. Cells were
harvested with a multi-well harvester onto fiberglass
strips and the radioactivity determined in a Packard
beta scintillation counter. The data were presented
as the mean ± standart error (SE).

Statistics. Results of experimental data obtained
from multiple experiments were reported as mean ±
standard error of the mean (SEM). Significance
levels were determined by the Student’s unpaired t-
test analysis using SPSS for Windows®.

RESULTS

Patients. The median age of the PSCT patients
was 45  years (range 32 to 68 years) and 49  years
(range 34 to 68 years) for the autologous BMT
patients. The PSCT patients were 8 males and 6
females while the BMT patients were 7 males and 3
females.

In this study, we found that NS activity of PSC
products from patients with NHL in the absence of
IL-2 had been higher than normal PBL and BM
(p<0.001) whereas BM products’ NS activity had
been lower than normal PBL (p<0.05) at S:R ratio
equals to 2:1. In the same way, at 1:1 S:R cells ratio,
NS activity of PSC products had been higher than
normal PBL (p<0.05), while BM products’ NS
activity had been lower than normal PBL (p<0.05)
again, but its significance degree was different
(Figure 1A).

Following co-culture of PSC and BM products
from NHL patients and PBL from healthy donors
with IL-2 for 5 days, NS activity of PSC was higher
than PBL (p<0.05), but there was no difference
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between PSC and BM products. In the absence of
IL-2, PSC products had significantly higher NS
activity compared to after culture with IL-2
(p<0.05) (Figure 1B).

Significantly increased-NS activity levels in PSC
from patients with NHL compared to PBL from
healthy person suggested that suppressor cells
prevent the proliferative response of lymphocytes to
IL-2 in the PSC products from patients with non-
Hodgkin lymphoma.

DISCUSSION

Autologous PSC transplantation has been used
increasingly as an alternative to autologous BM
transplantation after myeloablative therapy in
treatment of some malignancies. Perhaps the
greatest area of apparent improved efficacy with
PSC transplantation as compared to autologous BM
transplantation is the more rapid myeloid (30) and
immunologic reconstitution (31) following PSC
transplantation as compared to BM transplantation
(31,32).

Preliminary results have suggested that relapse
rate was significantly higher after autologous than
allogenic transplantation (33,34). Therefore, the use
of consolidative immunotherapy with IL-2 after
autologous transplantation is being investigated as a
potential means of eradicating residual disease
(35,36). A number of studies have evaluated NK
cytotoxic activity in bone marrow and mobilized
apheresis stem cell products (11,37). NK cells are
spontaneously cytotoxic for a variety of fresh and
cultured tumor cells and this activity can be
augmented by treatment with IL-2 (38,39).  Verbik
et al. (40) also studied the immunophenotypic
characteristics of consecutive PSC collections from
cancer patients mobilized with GM-CSF and
compared the NK cytotoxic activity of PSC with
PBL obtained from normal donors. They found that
the cytotoxicity levels of PBL from normal donors
were significantly greater, specially after in vitro
activated with IL-2, compared with PSC obtained
from either normal donors or cancer patients.

Monocyte-macrophages play an important role
in the immune system and the regulation of
lymphocytes, both by direct cellular interactions and
by the secretion of soluble factors (41-44). Positive
and negative immunomodulatory responses are
tightly linked to regulation of IL-2 and its receptors
during T cell activation. Proliferation of T
lymphocytes is dependent on the interaction of IL-2
with its specific receptor following T lymphocyte
activation (20,45).  Recent reports have suggested
that monocytes can also exert a negative control
resulting in an inhibition of IL-2 production and IL-
2 stimulation (45,46).  Munn et al. have suggested
that antigen presenting cells (APC) can induce a
selective deletion of mature T cells at a point before
their clonal expansion (47). In that study, a form of
activation-induced T cell death (apoptosis) was
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Figure 1. NS activity levels in PBL from normal donors and
PSC and BM from NHL patients before in vitro
activation with IL-2 (A). PBL, PSC and BM cells
cultured 5 days in the presence of 100 U/ml IL-2 (B).
Data represent the mean suppressor activity ±SE.
* Significant difference compared to PBL and BM

(p<0.001)
# Significant difference compared to PBL and BM

(p<0.05)
& Significant difference compared to PBL (p<0.05)
$ Significant difference compared to before culture

with IL-2 (p<0.05)
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proposed. They found that proliferation was
inhibited by macrophage-derived CSF (M-CSF) in a
contact-dependent manner. The macrophage
associated apoptosis was affecting resting T cells
before blastogenesis and cell division, and
preventing functional activation and clonal
expansion. Furthermore, lymphocytes cultured with
phagocytic suppressor cells lost their capacity to
proliferate in the presence of exogenous IL-2 or
PHA.

The present study suggests that the suppressor
activity (monocyte-like lineage) inhibits the
proliferation and expansion of T cells. IL-2 can only
stimulate activated T cells, since resting T cells do
not express high-affinity IL-2 receptors. In contrast
to T cells, IL-2 can stimulate both the proliferation
and cytotoxicity of NK cells since these cells
normally express IL-2 receptors. Our results suggest
that phagocytic suppressor cell primarily exerts its
effect on T cell proliferative response to IL-2, by
blocking their activation and preventing the
expression of IL-2 receptors.

In conclusion, we demonstrate that in the
presence  of suppressor cells, lymphocytes from the
PSC products of NHL patients had not respond to
IL-2 with an increase in proliferative capacity.
Further studies are needed to identify the
mechanism involved in this activity of suppression.
The observation of suppressor cell activity within
the PSC products suggest that these cells may not
only block in vitro response of lymphocytes to IL-2
but also immune reconstitution and response to
adjuvant immunotherapy.
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