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The proliferation and differentiation signals of
myelogeneous U937 cells are provided by extracellular
stimuli, such as lipopolysaccharide (LPS) and phorbol 12-
myristate 13-acetate (PMA). In a DNA-native-
polyacrylamide gel assay system, we demonstrated that a
particular nuclease activity is expressed in PMA-
stimulated U937 cells and secreted into the culture
medium. The nuclease activity was induced in U937 cells
by LPS treatment, while the secretion of the enzyme was
undetected in the culture medium. Therefore, it is likely
that the expression and secretion of the particular nuclease
in U937 cells are controlled by extracellular stimulations,
such as PMA and LPS treatment.
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Introduction

Deoxyribonucleases from human tissues (Yasuda et al., 1990;
Yasuda et al., 1992; Ribeiro and Carson, 1993) have been
characterized as existing in multiple forms. A human protein
that is homologous to DNase I has been cloned and partially
characterized in tissues (Zeng et al., 1997). Recombinant
human DNase I was approved for clinical use in the treatment
of cystic fibrosis. This enzyme hydrolyzes the extracellular
DNA that was found in sputum obtained from patients with
cystic fibrosis, and reduces the viscosity of cystic fibrosis
sputum in vitro (Shak et al., 1990).

The discovery that DNase I activity is widely distributed in
human tissues and body fluids, other than just in the digestive
system (Nadano et al., 1993; Yasuda et al., 1993), may

indicate additional in vitro physiological functions of the
nuclease. Our recently established nuclease assay system,
using DNA-native-polyacrylamide gel electrophoresis (DNA-
native-PAGE), is suitable for the identification of the particular
nuclease activity in human B-lymphoblastic IM9 cells (Kwon
and Kim, 1998). The nuclease activity that we found in IM9
cells is distinct from that of DNase I and other nucleases that
have been reported, including the optimal pH that is required
for catalysis, cation dependence for enzyme activity,
electrophoretic mobility in native-PAGE, and
immunochemical properties.

The human monocyte cell line U937 cells, derived from the
pleural fluid of a patient with diffuse histiocytic lymphoma,
have served as a model for monocyte-macrophage
differentiation (Sundstrom and Nilsson, 1976). U937 cells
undergo a wide variety of phenotypic and functional changes
in the presence of PMA (Hass et al., 1989). These changes
include the loss of proliferative potential, adherence, and the
acquisition of many effector functions that are characteristic of
activated macrophages, such as antibody-dependent cellular
cytotoxicity, respiratory burst, and augmented release of IL-1.
Because of the functional and phenotypic differences that
depend on PMA treatment, the U937 cell line provides an
ideal model for studying the changes in intracellular events
that take place during differentiation. In the present
communication, we demonstrate that the biosynthesis and
secretion of a particular nuclease activity remarkably
increased in PMA-induced U937 cells.

Materials and Methods

Cell culture and treatment The U937 cell line was obtained
from the American Type Culture Collection (ATCC, Manassas,
USA). The cells were maintained at 5-9 × 105 cells/ml in a RPMI
1640 medium that was supplemented with 10% heat-inactivated
fetal bovine serum (FBS, Life Technologies, Grand Island, USA),
2 mM glutamine, 100 U/ml penicillin, and 100 µg/ml streptomycin.
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Viability was assayed using trypan blue dye exclusion, and was
typically greater than 95% (Kim et al., 2001; Kim et al., 2002).
Differentiation of the U937 cells was induced for the indicated time
intervals in a fresh culture medium that contained 1-10 ng/ml PMA
(Sigma, St. Louis, USA; Han et al., 2002). LPS and cycloheximide
were used at the final concentrations indicated: 10 ng/ml LPS
(Sigma, St. Louis, USA), 10 µg/ml cycloheximide (Sigma, St.
Louis, USA). Cytocentrifuge preparations were stained with
Wright-Giemsa for differentiation analysis.

Preparation of culture medium and cell lysates The U937 cell
culture medium and cell lysates were prepared as previously
described (Kwon and Kim, 1998). The culture medium was
centrifuged for 5 min at 1,500 rpm to remove cells and/or cell
debris. The cells were then washed twice with cold phosphate-
buffered saline, and resuspended at 1 × 107 cells/ml in a 0.5%
Nonidet P-40 buffer that contained 150 mM NaCl, 10 mM Tris-Cl,
pH 7.5, and 1 mM PMSF. Following a 15 min-incubation at 4oC,
the lysed cells were centrifuged at 12,000 rpm for 15 min at 4oC,
and the supernatant was used as a cell lysate. The recovered culture
medium and lysates were stored at −20oC.

Determination of nuclease activity in DNA-native-PAGE To
identify the nuclease activity, a DNA-native-PAGE assay was
performed according to the method of Kwon and Kim (1998).
Briefly, sodium dodecylsulfate-free 7% polyacrylamide gels were
co-polymerized with supercoiled plasmid DNA (pGEM-T vector,
3.0 kb, Promega, Madison, USA) at a final concentration of 150 µg/
ml. The recovered culture medium or cell lysates that contained
10 µg protein were loaded into each well and electrophoresed at
4oC. After electrophoresis, the gels were washed three times in
distilled water, and placed in a reaction buffer, which consisted of
20 mM Tri-HCl (pH 7.0), 1 mM CaCl2, and 10 mM MgCl2 (TCM
buffer), at 37oC with gentle shaking. The gels were then stained in a
TCM buffer that contained 1 µg/ml ethidium bromide at 37oC for
30 min and photographed on 302 nm transilluminator. The position
of the nuclease activity was detected as a dark band on an orange
background of the gel.

Results and Discussion

Induction of U937 cell differentiation The human
monocyte U937 cells proliferate autonomously. However, the
cells have retained the capacity to response to inducers of
differentiation with cessation of growth and appearance of a
more mature phenotype (Sundstrom and Nilsson, 1976). To
prove that the PMA treatment of the U937 cells induces
differentiation, we examined the viable potential of the PMA-
treated and untreated cells by trypan blue exclusions (Fig. 1).
When the U937 cells were cultured with 10 ng/ml PMA, the
growth was completely inhibited without significantly
affecting the cell viability (at least for 72 h). On the other
hand, cycloheximide showed a toxic effect that led to cell
death. PMA-treatment of the cells was also accompanied by
striking changes in the morphological characteristics, such as
an increase in the cell size, a decrease in the nuclear/

cytoplasmic ratio, a paler cytoplasm, more prominent
granules, and a greater degree of vacuolization in the
cytoplasm (data not shown). These observations are consistent
with previous results from other investigators (Harris and
Ralph, 1985).

PMA-induced nuclease production in U937 cells One of
the signaling events that are associated with the differentiation
that is induced by PMA was a nuclease activity that is
synthesized and secreted in U937 cells. We employed a DNA-
native-PAGE nuclease activity gel system to characterize the
enzyme activity that is derived from the differentiated U937
cells (Fig. 2A). After 12 h, enzyme activity began to appear in
the culture medium. A significantly increased level of
nuclease activity was detected 24 h after the PMA-treatment
of the cells. Concomitantly with the growth inhibition (Fig. 1),
the observed nuclease synthesis and secretion were dependent
on the PMA concentration in its range of 0-10 ng/ml (Fig.
2B). Although detectable enzyme activity was induced at a
lower PMA concentration, evident accumulation of nuclease
activity was found both in the cell lysates and in the culture
medium when the cells were treated with 10 ng/ml PMA. In
addition to the U937 cell-derived nuclease activity, a fast-
migrating nuclease band in the assay gel that corresponded to
DNase I was also detectable in the culture medium that
contained 10% heat-inactivated FBS (Kwon and Kim, 1998).

Nuclease activity in U937 cells treated with PMA, LPS,
cycloheximide We further analyzed the nuclease levels after
stimulation of the U937 cells with different factors (Fig. 3).
When the cells were stimulated with 10 ng/ml LPS, there was
a significant induction of enzyme activity in the cell. However,
there was no detectable nuclease activity released into the

Fig. 1. Stimulations of U937 cells with different effectors. The
U937 cells were seeded at 2.3 × 105 cells/ml. The number of
viable cells was determined by trypan blue exclusion at the
indicated time interval using a hemocytometer.
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culture medium. Neither the intracellular synthesis nor the
secretion of the enzyme activity was observed in the cells that
were treated with cycloheximide. Therefore, it is likely that
the expression and secretion of the nuclease in U937 cells are
controlled by specific extracellular stimulations.

We demonstrated in this work that U937 cells are
differentiated and able to produce and release a particular
nuclease activity by stimulation with PMA. In the previous
study (Kwon and Kim, 1998), we identified a particular
nuclease that is constitutively expressed and secreted by
human B lymphoblastic IM9 cells. Since the nuclease is
synthesized and secreted by U937 cells, an immune cell line
of human origin, it is possible to speculate that the nuclease
may play a role that is associated with defense mechanisms in
vertebrates. There is increasing evidence that mammalian
immune systems can distinguish bacterial DNA from
vertebrate DNA, with bacterial DNA directly activating
immune cells (Tokunaga et al., 1984; Messina et al., 1991;
Stacey et al., 1996). Recent reports indicate that bacterial
DNA has significant immunostimulatory effects on B cells
(Krieg et al., 1995), natural killer cells (Ballas et al., 1996;
Cowdery et al., 1996), and macrophages (Stacey et al., 1996;
Stacey et al., 2000). The results of this study suggest that the
PMA-induced nuclease activity in U937 cells may be involved
in bacterial DNA degradation in order to produce the
immunostimulatory DNA fragments in vertebrate. Further

studies on the biochemical and molecular characteristics of
the U937 cell nuclease will provide useful information for
understanding the functional significance of the enzyme.
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