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Activated and differentiated human monocytes
with a CD141CD161 phenotype were found to con-
tain a DNase activity associated with secretion
granules. Activated cells were obtained from pa-
tients with autoimmune diseases. Activation and
differentiation of monocytes were also achieved af-
ter incubation of PBMC from healthy subjects with
protein A (SpA) or immunopotentiating peptides.
DNase activity corresponded to a 66-kDa protein,
similar to that described in granules from T lym-
phocytes, active preferentially on double-strand
DNA. DNA fragmentation activity increased when
NO donors were present; the activity was higher in
the presence of Ca21, and at low pH values. The
Ca21-dependent activity was inhibited by Zn21. NO-
dependent activity was additive with that of Ca21-
dependent and it was not inhibited by Zn21. Dithio-
threitol did not modify the effect of NO on DNase
activity. Incubation of PBMC in the presence of
NMLA, an inhibitor of NO synthases, decreased this
DNase activity. Data reported clearly suggest a reg-
ulatory role of NO in granule-associated DNase
activity. © 1998 Academic Press
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Human peripheral blood monocytes can act as
antigen-presenting cells or be effector cells of the

immune system and are engaged in host defense
against infections and tumors. Monocytes display a
wide range of functional and morphological pheno-
types; their functions are highly dependent on stim-
uli from the environment and are characterized by
the expression of particular cell surface antigens (1).
Although most monocytes are CD1411, there exists
also a small subpopulation in which the expression
of CD14 is rather low and is at the same time CD16
positive (2). The CD141CD161 phenotype is charac-
teristic of monocytes containing abundant secretion
granules, and is often considered as circulating mac-
rophages (3). Monocytes/macrophages play an im-
portant role in the defense mechanisms of the im-
mune system, partly mediated by the cytotoxic
activity of some of these cells, which secrete cytolytic
molecules. These lytic substances, packed in gran-
ules, are released by exocytosis after contacting tar-
get cells (4). Reactive oxygen intermediates are in-
volved in monocyte-mediated cytotoxicity against
tumor cells; after maturation of monocytes to mac-
rophages, these cytotoxic products become less im-
portant, and reactive nitrogen intermediates are
then used in the killing of tumor cells (5). Further-
more, the importance of monocytes/macrophages in
the development of the autoimmune response has
been underscored. Cytokines released by infiltrating
macrophages play a key role in tissue damage; se-
cretion of monokines causes lymphocyte activation
and demyelinization in multiple sclerosis (6). An
alteration in the maturation of circulating mono-
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cytes is involved in the development of rheumatoid
arthritis (7). Cytotoxic monocytes seem to play an
important role in autoimmune thyroiditis (8) as well
as in other autoimmune diseases of the connective
tissue, such as rheumatoid arthritis or ankylosing
spondylitis (9). Nitric oxide is a mediator in several
physiological responses (10). In the immune re-
sponse, mediated by monocytes/macrophages, NO
controls the regulation of diverse processes, among
them those of the release of cytokines (11) and the
expression of HLA-DR on human monocytes (12).

We have previously described a DNase activity
associated to granules of cytotoxic T lymphocytes
and suggested its participation in the lytic and/or
apoptotic mechanisms of these cells in the immune
response (13). In view of the variety of functions of
NO we were prompted to study whether it had an
effect on the activation of DNase as well as on the
induction of the granule expression of this enzyme in
cytotoxic monocytes. We report here the presence of
a protein with DNase activity in cytoplasmic gran-
ules in monocytes. This activity was higher in mono-
cytes from patients with autoimmune diseases than
that of monocytes from healthy subjects, and it was
associated with the CD141CD161 monocyte sub-
population. Data obtained suggest that the increase
in DNase activity induced by nitric oxide is one of
the mechanisms through which NO is involved in
the destructive attack displayed by monocytes/
macrophages against target cells, such as those of
the organs affected in the autoimmune response.

MATERIALS AND METHODS

Subjects. All patients with clinically defined pri-
mary biliary cirrhosis (PBC),2 multiple sclerosis
(MS), or Graves’ disease (GD) included in this report
are part of a follow-up study being carried out at the
University Clinic of the University of Navarra
(Spain). We studied 4 patients with PBC (female/
male: 4/0; age 6 standard deviation: 50 6 10), 5

patients with MS (3/2; 45 6 7), 7 GD (6/1; 45 6 8),
and 15 healthy donors (HD) (9/6; 37 6 13).

Peptide synthesis. Peptide Pa1 (NVLGAPKKL-
NESQAV), known to have immunomodulating prop-
erties (14, 15) and capable of inducing iNOS in hu-
man monocytes (12), and the immunomodulating
peptide Pa2 (CLCADPYELGDDGR) from thyroid
peroxidase (16) were synthesized by the solid-phase
method of Merrifield (17), with the Fmoc modifica-
tion (18).

Cell sources and cultures. Mononuclear cells
were obtained from peripheral blood (PBMC) of
healthy donors or patients following the technique
described by Bøyum (19). Cells were incubated at
1 3 106/ml in RPMI 1640 medium supplemented
with 2.5% autologous serum in a 5% CO2 humidified
atmosphere. Isolation and purification of monocytes
were carried out taking advantage of their adher-
ence to culture plates. After a period of 4–6 h at
37°C nonadherent cells were removed with the su-
pernatant followed by three washes with saline so-
lution. Adherent cells, consisting mainly of mono-
cytes (in the case of healthy donors, approximately
90% of the cells were CD141), were then carefully
detached from the surface of the culture plates by
gentle friction and resuspended in a small volume of
saline solution.

Extraction of granule proteins. The isolation of
secretion granules was carried out following the pro-
cedure of Podack et al. (20), using a Percoll density
gradient after disrupting the cells with a Parr nitro-
gen bomb.

Detection of DNase activity. Detection of DNase
activity in protein extracts was performed by the
ability to degrade genomic DNA. The extracted
granule proteins corresponding to monocytes ob-
tained from 3 3 107 PBMC were incubated with 10
mg of protein free DNA at 37°C for 24 h in 50 ml of a
50 mM NaCl, 10 mM MgCl2, 1 mM dithiothreitol
(DTT), 10 mM Tris–HCl autoclaved buffer, pH 7.5.
Some incubations were performed without the addi-
tion of DTT. When testing at pH values other than
7.5, the following buffers were used: sodium acetate
(pH 5), MES (pH 6), MOPS (pH 7), or Tris (pH 8), all at
10 mM concentration. An aliquot of 20 ml of the
resulting mixture was applied to a 1% agarose gel,
and subjected to electrophoresis at a voltage of 50 V

2 Abbreviations used: PBC, primary biliary cirrhosis; MS, multi-
ple sclerosis; GD, Graves’ disease; HD, healthy donors; iNOS, induc-
ible nitric oxide synthase; PBMC, peripheral blood mononuclear
cells; FI, fragmentation index; SpA, protein A from Staphylococcus
aureus; NMLA, N-methyl-L-arginine; SIN-1, 3-morpholinosydnoni-
mine; SNAP, S-nitroso-N-acetyl-D,L-penicillamine; DTT, dithiothre-
itol.
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in 1 mM EDTA, 40 mM Tris–HCl buffer, pH 7.5,
containing 0.5 mg of ethidium bromide per milliliter.
Genomic DNA was obtained as described in the lit-
erature (21). To quantify and compare the results
obtained in different experiments, we carried out a
simple image analysis with the appropriate software
(Image Master, Pharmacia), as described (13).
Briefly, electrophoregrams on gels were photo-
graphed and images scanned and inverted. Each
lane was divided into three sectors, using as refer-
ence a molecular weight marker (Hind III-digested l

phage DNA, Promega). Sector A corresponded to the
23-kb first band of the marker; sector B extended
from the lower limit of sector A to the top of the
2.3-kb band of the marker; and sector C extended
from the lower limit of sector B to the end of the
lane. The ‘‘fragmentation index’’ was calculated as:
FI (%) 5 1/2 B (%DNA . 2.3 kb) 1 C (%DNA , 2.3
kb). In each case, a digestion in DNase free medium
was performed in parallel to calculate the spontane-
ous degradation which was subtracted from F.I.

DNase detection in DNA–SDS–PAGE. Protein
electrophoresis was carried out following the tech-
nique of Laemmli and Favre (22). Separating gels
(12% acrylamide–bisacrylamide 37.5/1) were pre-
pared with the addition of 10 mg/ml calf thymus
DNA. Protein extracts were mixed with sample load-
ing buffer (0.125 M Tris–HCl, pH 6.4, 4% SDS, 20%
glycerol, 10% b-mercaptoethanol, and 0.01% bromo-
phenol blue) and heated at 37°C for 20 min before
being placed in the wells. Following electrophoresis,
gels were washed, in order to ensure the removal of
SDS and b-mercaptoethanol, three times in distilled
water, once in 40 mM Tris–HCl, pH 7.6, 2 mM
MgCl2, 1 mM EDTA, and twice again in distilled
water. Each wash was prolonged for 10 min. Incu-
bation was continued for 4 h in 10 mM Tris–HCl, pH
7.6, 50 mM NaCl, 1 mM CaCl2, 10 mM MgCl2, 1 mM
DTT. Some experiments were also carried out in the
absence of DTT. After adding ethidium bromide (1
mg/ml) to the gel incubation buffer, gels were exam-
ined under UV light and photographed. The posi-
tions of DNase activity were revealed as dark bands
on a fluorescent background.

Determination of nitrite/nitrate. For the deter-
mination of nitrites and nitrates, spontaneous deg-
radation products of nitric oxide, a commercial kit

was used (Alexis Corp., Läufelfingen, Switzerland).
Photometric measurement was carried out at 540
nm. Assays were performed on samples containing
2 3 106 lymphomononuclear cells previously dis-
rupted by means of a Parr bomb. An aliquot of the
incubation medium was used as reaction blank.

Analysis of monocyte subpopulations. Phenotypic
characterization of monocytes was carried out using
an EPICS Profile II flow cytometer (Coulter Electron-
ics, Hialeah, FL). Cells were incubated with CD14
antibody (Leu-M3)–FITC and CD16 antibody (Leu-
11a)–PE at 4°C for 30 min. CD16 antigen expression
was measured only on cells that costained positively
for Leu-M3. The monoclonal antibodies used in this
work were supplied by Becton–Dickinson (Becton–
Dickinson Immunocytometry Systems, Erembodegen,
Belgium). Analysis of membrane determinant coex-
pression using double-color combinations (fluorescein
and phycoerythrin) was carried out following the man-
ufacturer’s instructions.

Statistical analysis. The values obtained were
subjected to the Mann–Whitney U test to compare
data between groups of subjects. Correlation be-
tween DNase activity and CD141CD161 cells was
analyzed by the Spearman test. A P value less than
0.05 was considered to be significant.

RESULTS

DNase activity on cytoplasmic granules in mono-
cytes. We determined DNase activity in granules
corresponding to monocytes isolated from healthy
donors or patients with autoimmune diseases, as
well as corresponding to monocytes from healthy
donors isolated after incubation of PBMC for 5 days
in the presence of peptide Pa1 or peptide Pa2 (30
mg/106 cells) or SpA (20 mg/106 cells). Protein ex-
tracts from secretion granules corresponding to
monocytes isolated from 3 3 107 PBMC in each case
were incubated with protein-free genomic DNA for
24 h. Then DNase activity was determined analyz-
ing DNA fragmentation by electrophoresis on aga-
rose gel. DNase activity, expressed as ‘‘fragmenta-
tion index’’ (FI), was higher in monocytes from
patients and in peptide-activated monocytes than in
those of freshly cells from healthy donors (Fig. 1).

Phenotypic characterization of monocytes. We
carried out a flow cytometry analysis of monocytes
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from the different groups with the purpose of exam-
ining possible correlations between monocyte sub-
populations and DNase activity. Two-color immuno-
fluorescence analysis of monocytes coexpressing
CD14 and CD16 was performed. Table I shows the
percentage of monocytes in peripheral blood and the
percentage of CD141CD161 cells in the monocyte
population. The percentage of monocytes with this
phenotype was higher in freshly obtained cells from
autoimmune patients, and in cells from healthy do-
nors after incubation of their PBMC in the presence
of immunomodulating agents, than that in fresh

monocytes from healthy donors. We found a positive
correlation between the proportion of CD141CD161

cells within the monocyte population and their gran-
ule associated DNase activity (r 5 0.73; P , 0.05).

Properties of the granule associated DNase.
Properties of the DNase now found in monocytes
were similar to those of the granule DNase present
in T lymphocytes (13): its activity increased when
Ca21 was present in the medium at pH 7.5 (Fig. 2);
the activity was highest at 1 mM Ca21. The addition
of Zn21 impeded the stimulatory effect of Ca21 ions
(Fig. 2). DNase activity was also measured in the
absence of calcium at pH values of 8, 7, 6, and 5 and
it was observed that the activity increased with the
acidification of the medium (Fig. 3).

We studied also the effect of NO on DNase activ-
ity. Protein extracts from granules of monocytes
were incubated with genomic DNA for 12 h in 10
mM Tris–HCl, pH 7.5, 10 mM MgCl2, 50 mM NaCl
and the corresponding concentrations of a nitric ox-
ide donor, SIN-1 or SNAP. Figure 4 shows the re-
sults obtained corresponding to one of seven inde-
pendent experiments. DNA fragmentation produced
by the enzyme increased with the concentration of
the NO donor. The presence of 1 mM Zn21 did not

FIG. 1. DNase activity in granules from monocytes. DNase
activity is expressed as ‘‘fragmentation index’’ (FI). Data repre-
sent the mean 6 SD. Values corresponding to patients were
significantly different from those of healthy donors (P , 0.05).
aResults obtained with monocytes of healthy donors after incu-
bation in two independent experiments with peptide Pa1 (30
mg/106 cells), two with peptide Pa2 (30 mg/106 cells), and two with
SpA (20 mg/106 cells); values corresponding to cells incubated in
the presence of peptides were significantly higher than those of
the controls (P , 0.05).

TABLE I

Percentage of CD1411/1 and CD141CD161 Monocytes

CD1411/1 CD141CD161

(% PBMC) (% CD141)

Healthy donors 11 6 2 10 6 2
Primary biliary cirrhosis 10 6 4 20 6 5
Multiple sclerosis 7 6 3 32 6 5
Graves’ disease 6 6 4 27 6 4
Healthy donorsa 13 6 2 34 6 4

Note. Data represent the mean 6 SD.
a Results obtained in healthy donors after incubation with ac-

tivating agents. See figure 1 for details.

FIG. 2. Cation dependence of DNase activity. Protein extracts
were incubated with genomic DNA for 12 h in 10 mM Tris–HCl,
pH 7.5, 10 mM MgCl2, 50 mM NaCl and in the presence of
divalent cations at the indicated concentrations. DNA fragmen-
tation is representative of seven independent experiments. Lane
1, DNA incubated in the absence of protein extract and in the
presence of calcium ions (1 mM); lane 2, 0.01 mM Ca21; lane 3, 0.1
mM Ca21; lane 4, 1 mM Ca21 ; lane 5, 10 mM Ca21; lane 6, 1 mM
Ca21 and 1 mM Zn21.
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affect the increase in activity caused by NO. It was
also observed that a further increase in activity took
place, when, in addition to the NO donor, 0.1 or 1
mM Ca21 was present (Fig. 5).

We considered also the possibility that the reduc-
ing agent DTT, present in the medium used to detect
the DNase activity, could affect the activation of the
enzyme by nitric oxide. The presence or absence of
DTT did not modify the DNase activity associated
with monocytic granules, when incubation mixtures
contained the NO donor SIN-1 at various concentra-
tions (Fig. 6). DNase activity was not affected either
when using SIN-1 at a fixed concentration (1 mM)

and different DTT concentrations (Fig. 6).
In order to discard spontaneous DNA hydrolysis

due to incubation conditions, genomic DNA was also
incubated in the presence of the different buffers,
cations, and NO donors and in the absence of protein
extracts containing the enzyme.

Finally, we determined the molecular weight of
the protein having DNase activity using the SDS–
PAGE technique (23). Protein extracts from secre-
tion granules of monocytes were separated by SDS–
PAGE in gels containing DNA. Under UV light,
proteins with DNase activity appear as dark bands

FIG. 3. Effect of pH on granule-associated DNase. Protein ex-
tracts were incubated with genomic DNA in 10 mM MgCl2, 50
mM NaCl, and the corresponding buffers at the indicated pH
values. DNA fragmentation is representative of 10 independent
experiments. Lane 1, DNA incubated at pH 5 in the absence of
protein extract; lanes 2, 3, 4, and 5, DNA incubated with protein
extracts at pH 5, 6, 7, and 8, respectively.

FIG. 4. Stimulation of DNase activity by NO. Protein extracts
were incubated with genomic DNA for 12 h in 10 mM Tris–HCl,
pH 7.5, 10 mM MgCl2, 50 mM NaCl, and the corresponding
concentrations of SNAP. Electrophoregram reflecting DNase ac-
tivity extracted from granules present in monocytes is represen-
tative of seven independent experiments.

FIG. 5. Effect of divalent cations on NO-dependent DNase ac-
tivity. Protein extracts were incubated with genomic DNA for
12 h in 10 mM Tris–HCl, pH 7.5, 10 mM MgCl2, 50 mM NaCl, and
the corresponding concentrations of SIN-1 and divalent cations.
Electrophoresis is representative of three independent experi-
ments. (A) Lane 1, DNA incubated in the absence of cations and
SIN-1; lane 2, 1 mM Ca21; lane 3, 1 mM Ca21 and 1 mM SIN-1.
(B) Lane 1, DNA incubated in the absence of cations and SIN-1;
lane 2, 1 mM SIN-1; lane 3, 1 mM Zn21; lane 4, 1 mM SIN-1 and
1 mM Zn21.

FIG. 6. Lack of effect of the reducing agent DTT on NO-
dependent DNase activity. Protein extracts were incubated with
genomic DNA in 10 mM Tris–HCl, pH 7.5, 10 mM MgCl2, 50 mM
NaCl, and the indicated concentrations of DTT and SIN-1 for
12 h. Electrophoresis is representative of two independent exper-
iments. *DNA incubated in buffer without protein extract.
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on a fluorescent background when gels are incu-
bated in an appropriate buffer and ethidium bro-
mide is added. A commercial 31-kDa DNase I
(Sigma, St. Louis, MO) was used as positive control,
and protein standards (Dalton Mark III L, Sigma)
were used as molecular weight references. When
native DNA was incorporated into the gel, one band
of approximately 66 kDa appeared (Fig. 7). How-
ever, the intensity of the band, and consequently the
activity, practically disappeared when denatured
DNA (heated at 100°C for 10 min) was used (data
not shown). Therefore, it can be concluded that gran-
ules contained a 66-kDa DNase preferentially frag-
menting double-strand DNA. Identical results were
obtained with equivalent extracts from five different
donors.

DNase activity on cytoplasmic granules in monocytes
from PBMC incubated in the presence of NMLA. We
carried out a series of experiments to determine the
DNase activity associated with cytoplasmic gran-
ules when PBMC from healthy donors were incu-
bated for 5 days in the absence or presence of 1 mM
NMLA, an inhibitor of nitric oxide synthases. After
incubation we separated monocytes and analyzed
the expression of DNase activity in the granules.
Figure 8 shows that the increase in activity observed
when cells were incubated with an immunopotenti-
ating agent did not take place, if NMLA was also
present in the medium.

We examined also if peptide Pa2 affected the pro-
duction of nitrite/nitrate, degradation products re-
flecting NO synthesis, using for that purpose PBMC

from two healthy subjects in separate experiments.
In the presence of this peptide (with 0.5 mM
L-arginine as exogenous substrate) 105 cells gave
rise to 8.7 nmol of nitrite/nitrate, the amount re-
leased to the medium plus that retained within the
cells, after 48 h of incubation. When the peptide was
omitted, nitrite/nitrate produced amounted only to
1.8 nmol. Similar results had been obtained with
peptide Pa1 in previous work (12, 25). The produc-
tion of nitrite/nitrate in the presence of Pa2 mark-
edly decreased (2.8 nmol per 105 cells) when 1 mM
NMLA was present in the incubation medium.

DISCUSSION

An outstanding feature of apoptosis is DNA frag-
mentation (26); therefore, it would be reasonable to
assume that DNases are involved in that process
(27, 28). In this report we describe the existence of a
DNase of approximately 66 kDa, active at low pH
values and calcium-dependent, in mature monocytes
(Figs. 2, 3, and 7), similar to that described in T
lymphocytes (13). A Ca21-independent DNase, ac-
tive at low pH and associated with monocyte gran-
ules, has already been described (28). There is also a

FIG. 8. DNase activity present in granules of monocytes after
the incubation of PBMC in the presence of NMLA. In five inde-
pendent experiments PBMC from healthy donors were incubated
in the absence (lane 2) or in the presence of peptide Pa (30 mg/106

cells) (lane 3) or in the presence of both peptide and 1 mM NMLA
(lane 4). Lane 1 corresponds to DNA incubated without protein
extract.

FIG. 7. DNase detection with the SDS–PAGE technique. Lane 1,
granule protein extract (30 mg); lane 2, reference DNase I (0.5 mg).
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report (29) on a Ca21 and Mg21-dependent DNase in
a cell line of murine macrophages which is released
to the culture medium; this latter enzyme could be
involved in macrophage-mediated cytotoxicity by
transferring the enzyme to the target cell, since one
of the events after their interaction is DNA fragmen-
tation. The location of the DNase, now described, in
secretion granules suggests its possible involvement
in cytotoxic processes mediated by the delivery of
cytolytic agents by the monocyte to the target cell. A
role of this DNase in apoptosis would be consistent
with the observation that DNA fragmentation takes
place in thymocytes associated with an increase in
calcium ions and chelation of intracellular zinc (30–
32), or in cytotoxic T lymphocytes associated with
intracellular acidification (33). It is also known that
nitric oxide induces apoptosis in different cells in-
cluding macrophages (34–36). The DNase activity
associated with secretion granules from monocytes,
described here, increased in the presence of NO
(Figs. 4–6); when NO production was inhibited,
DNase activity could no longer be detected in secre-
tion granules (Fig. 8). Nitric oxide reacts with a
variety of biological molecules such as oxygen, thi-
ols, amines, free radicals, and ferric and ferrous
hemoproteins (37). Intracellular heme proteins are
likely to be one of the major targets for NO, includ-
ing enzymes like guanylyl cyclase (38, 39), cycloox-
ygenase (40), and iNOS (41). The fact that the ab-
sence or presence of the reducing agent DTT did not
affect the activation of the enzyme by NO (Fig. 6)
seems to indicate that it would not be necessary a
reduction of disulfide bridges, even in the case that
an S-nitrosylation could be involved in the mecha-
nism of activation.

The DNase now described seems to be related to
the monocyte subpopulation with a CD141CD161

phenotype, characteristic of cytotoxic monocytes
rich in secretion granules (2). Apparently, these
monocytes derive from the maturation of CD1411

monocytes (3) which is accompanied by a decrease in
the expression of CD14 and an increase in that of
CD16. The decrease in CD14 has been associated
with the formation of cytotoxic monocytes; thus
TGF-b, which induces the maturation of monocytes,
diminishes CD14 expression (42). It has been ob-
served that in infections both an increase in mono-
cyte cytotoxicity and shedding of CD14 molecules

take place (43). We have also seen that the
CD141CD161 subpopulation as well as the DNase
associated with monocytes increased in patients
with autoimmune diseases. This was also the case
when PBMC from healthy subjects were activated
with immunopotentiating agents (Fig. 1 and Table
I). It has been suggested that cytotoxic monocytes
could play an important role in the tissue destruc-
tion which takes place as part of the autoimmune
response (7–9). Nitric oxide could play a relevant
role in the fragmentation of DNA caused by an in-
crease in DNase activity in the potentially cytotoxic
CD141CD161 subpopulation; in fact, the presence of
iNOS in monocytes from patients with Graves’ dis-
ease or multiple sclerosis has been described (12,
44), and the expression of this nitric oxide synthase
seems to be related to the CD141CD161 subpopula-
tion (12).

The implication of DNase in the apoptosis of the
monocytes themselves cannot be ruled out; the pos-
sibility that a transfer of the enzyme from the gran-
ules to the cytoplasm and then to the nucleus should
not be excluded. We have observed that fresh mono-
cytes from patients with Graves’ disease exhibit a
high level of apoptosis. This was also the case with
monocytes isolated from PBMC from healthy donors
after incubation in the presence of peptide Pa1 (45).
It has been described that peptide Pa1 induces an
increase in NF-kB binding activity in monocytes
(46), and also that NO could provoke the activation
of genes responsible for apoptosis through the acti-
vation of this nuclear factor (47).

In summary, data presented here show that a
DNase was present in granules of monocytes freshly
obtained from patients with autoimmune diseases.
Data strongly suggest that this enzyme could par-
ticipate in cytolytic processes in autoimmunity. It
could also play some role in the apoptosis of the
monocytes themselves, thus preventing or restrict-
ing some of the undesirable effects caused by these
cells in the autoimmune response.
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