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Immune complex-degradation ability of macrophages in MRL/Mp-lpr/ipr

lupus mice and its regulation by cytokines
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SUMMARY

Impaired clearance of circulating and/or deposited immune complexes (IC) by the mononuclear
phagocytic system is one of the major factors in the pathogenesis of IC diseases. MRL/Mp-lpr/ipr
(MRL/Ipr) lupus mice spontaneously develop a lethal glomerulonephritis associated with IC
deposition. The ability of macrophages to degrade phagocytozed IC and regulation of this
degradation in MRL/lpr mice were examined. In 4-month-old MRL//pr mice, macrophages
accumulated in the affected glomeruli and these macrophages contained many phagosomes
containing electron-dense bodies. When culture supernatant of human T cell line HUT102 was
administered intraperitoneally into disease-bearing MRL/Ipr mice, degradation of these electron-
dense bodies in the macrophages in glomeruli was noted. We developed a quantitative in vitro assay
for IC degradation activity of MRL//pr resident peritoneal macrophages (RPM) using peroxidase-
labelled IC derived from MRL/Ipr mouse sera. The ability of the RPM to degrade IC was remarkably
enhanced by the pretreatment with HUT102 cell products and the related human recombinant
cytokines, lymphotoxin and IL-1a. Moreover, pretreatment of RPM from non-diseased MRL/Mp-
+/+ mice with the culture supernatant of spleen cells from diseased MRL//pr mice reduced their IC
degradation activity. These results suggested that the ability of macrophages to degrade IC in MRL/
Mp strains of mice is under the regulation of cytokines, and the impaired ability in the disease-bearing

mice may be the result of abnormalities in the cytokine system in these mice.

Keywords

INTRODUCTION

In the pathogenesis of human immune complex diseases, such as
systemic lupus erythematosus (SLE), clearance of soluble
immune complexes (IC), particularly via Fc receptor-mediated
phagocytosis, is impaired [1]. Impaired clearance of IC results in
vascular and glomerular deposition of IC and IC-mediated
tissue injury caused by subsequent complement activation, such
as complement-mediated cytolysis and leucocyte-mediated
tissue destruction. Although macrophages play a role primarily
as scavengers of IC, macrophages can also work directly to
cause lesions as effector cells in tissue injury through lysosomal
hydrolases [2] and superoxide [3-5] release triggered by IC.
However, there are few reports about the regulation of macro-
phage-IC interaction in IC diseases.

MRL/Mp-ipr/ipr (MRL/Ipr) mice develop lupus-like neph-
ritis associated with severe IC deposition by almost 4 months of
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age and have been well studied as a model for SLE [6,7]. In these
mice, the lymphoproliferation of CD4-, CD8-, and B220+ T
lymphocytes (double negative T cells (DNT cells)) encoded by
the Ipr gene [8-11] is critical for the development of glomerulo-
nephritis in the face of the genetic background of an MRL/Mp
strain of mice [12,13], since MRL/Mp-+/+ (MRL/+ ) mice or
other /pr-bearing mice such as C3H/HeJ-Ipr/lpr and C57Bl/6-
Ipr/Ipr never develop glomerulonephritis at least until 5 months
old. However, the relationship between the proliferation of
DNT cells and the onset of IC diseases in these mice is still
unclear.

Macrophages may also play a role in these diseases.
Alterations in several functions of macrophages in MRL/lpr
mice compared with those in MRL/+ mice, such as la
expression [14-18], antigen presentation [17-19], phagocytosis
[18,20,21], Fc receptor expression [18,20], antibody-dependent
cellular cytotoxicity (ADCC) [22], tumour cytotoxicity
[14,21,22], lysosomal enzyme activity [21], and superoxide
production [21,22], have been reported. These functional altera-
tions of MRL//pr macrophages may be crucial in the onset and
development of IC diseases.

In this study we assess the degradation of ingested IC in
macrophages of MRL/Mp strains of mice from the view of
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macrophage-IC interaction. MRL//pr macrophages showed
impaired degradation of IC in vivo and in vitro. Moreover, IC
degradation ability in macrophages of MRL/Mp strains of mice
may be under the control of cytokines.

MATERIALS AND METHODS

Mice

MRL/Ipr and MRL/+ mice were purchased from the Jackson
Laboratory (Bar Harbor, ME) in 1985 and have been bred in
closed colonies and housed in the clean rooms of the Animal
Research Institute of Tohoku University School of Medicine.
MRL/Ipr mice, 4-6 months old, and 4-month-old MRL/+ mice
were used in this study. We confirmed that MRL//pr mice, but
not MRL/+, in our colonies developed glomerulonephritis at
these ages.

Histopathology of glomerular lesions

Four-month-old MRL//pr mice were killed under ether anaes-
thesia. Kidneys were removed, fixed with 10% formalin in 0-01
M phosphate-buffer pH 7-2, and embedded in paraffin. These
paraffin sections were stained with haematoxylin and eosin
(H&E) for histopathological examination under light micro-
scopy. For immunofluorescence studies, kidneys were fixed with
periodate-lysine-paraformaldehyde (PLP) solution [23], embed-
ded in OCT compound (Miles Laboratories Inc., Elkhart, IN),
frozen in a mixture of acetone and dry ice, and stored at —70°C
until use. Frozen sections (3 um) of kidneys were fixed with
acetone at 4°C for 5 min. Immunostaining for IgG, IgM, or C3
was performed in a direct method using FITC-conjugated
rabbit anti-mouse IgG, IgM, or C3 antibodies (Miles Labora-
tories Inc., Naperville, IL), respectively. Murine Mac-2 antigens
[24] were detected by using rat anti-Mac-2 antibodies (Hybri-
tech Inc., San Diego, CA), followed by biotinylated rabbit anti-
rat IgG antibodies and FITC-labelled avidin (Vector Labora-
tories Inc., Burlingame, CA).

For electron microscopy, small pieces of renal cortices were
fixed with 2-5% glutaraldehyde, and postfixed with 2% osmium
tetroxide. After dehydration with ethanol, they were embedded
in Epon 812. Ultrathin sections were stained with uranyl acetate
and lead nitrate.

Human T cell line and supernatant preparation

Human T cell leukaemia virus type-I (HTLV-I) transformed
human T cell line, HUT102 [25], was kindly donated by Dr
H. Hemmi (Toho University School of Medicine, Tokyo,
Japan) and grown in RPMI 1640 medium (Nissui, Tokyo,
Japan) with 1% heat-inactivated fetal calf serum (FCS; Flow
Laboratories, Irvine, UK). The supernatant was harvested by
centrifugation (1500 g, 10 min) and concentrated approximately
30-fold on Pellicon polysulfone membrane (Milipore Corp.,
Bedford, MA) with a molecular weight exclusion limit of 10 000.
The concentrated material was dialysed against Eagle’s mini-
mum essential medium (MEM) (Nissui), sterilized with 0-22-um
Milipore filter (Milipore) and stored at —20°C until use.

In some experiments, the culture supernatant of HUT102
cells was prepared in Iscove’s modified Eagle medium (Gisco
Laboratories, Grand Island, NY). Three millilitre per mice of
the supernatant or the medium as the control were intraperito-
neally injected into three 4-month-old MRL/lpr mice. Three
days later, kidneys of these mice were removed and the

glomerular lesions of these two groups were compared under
electron microscopy.

Human cytokines

Recombinant human IL-1a (Ohtsuka Pharmaceutical, Tokyo,
Japan), lymphotoxin (LT) (tumour necrosis factor-beta (TNF-
) (Mitsubishi Chemical Co., Tokyo, Japan), granulocyte-
macrophage colony-stimulating factor (GM-CSF; Genzyme,
Boston, MA), and native human interferon-gamma (IFN-y;
Ohtsuka) were used for the pretreatment of mouse peritoneal
macrophages in vitro.

Preparation of spleen cell culture supernatant

Spleens of mice were aseptically removed and minced with
stainless steel mesh. Erythrocytes were lysed with hypotonic
shock and spleen cells were resuspended at 1 x 107 cells/ml in
Iscove’s modified Eagle medium supplemented with 50 pg/ml of
gentamicin sulphate (Sigma Chemical Co., St Louis, MO).
These spleen cell suspensions were cultured at 37°C in 5% CO,
for 48 h. The supernatant was harvested by centrifugation (1500
g, 10 min), concentrated about 25-fold with 80% ammonium
sulphate, and dialysed against MEM. After sterilization with
0-22 um Milipore filter it was stored at —20°C until use.

Preparation of horseradish peroxidase-labelled IC from MRL/lpr
mice

Five millilitres of pooled sera of female MRL/lpr mice (5-6
months old) were applied at room temperature onto Sephadex
G-200 column (1-6x25 cm; Pharmacia, Uppsala, Sweden)
equilibrated with Dulbecco’s PBS (DPBS) containing 0-02%
NaN;j. The excluded pool was collected as the fraction contain-
ing IC [26], since this fraction contained IgG as far as
determined by ELISA on Nunc-Immunoplate (Nunc, Roskilde,
Denmark) with horseradish peroxidase (HRP)-labelled rabbit
anti-mouse IgG antibodies (Miles) [27]. This fraction was then
dialysed against 10 mm carbonate buffer, pH 9-5, at room
temperature overnight, labelled with HRP (Type VI; Sigma)
[28], and finally adjusted to 5 ml (the same volume as the initial
pooled sera) with Dulbecco’s modified Eagle’s medium
(DMEM) (Nissui) supplemented with 5% heat-inactivated FCS
to use as HRP-labelled IC from MRL/I[pr mouse sera
(MRL/Ipr-1C).

Macrophages and time kinetics of IC degradation
Macrophages used in this study were obtained from resident
peritoneal cells. In brief, resident peritoneal cells from a MRL/
Mp strain of mouse were collected by peritoneal lavage with 5-
10 ml of Hanks’ balanced salt solution (HBSS) supplemented
with 1 U/ml heparin. The collected cells were washed twice,
resuspended in DMEM supplemented with 50 ug/ml gentamicin
and 10% heat-inactivated FCS, and adjusted at the cell density
of 5 x 10° macrophage-like cells/ml. Macrophage-like cells were
morphologically defined by using Triick solution. Cell suspen-
sion (200 ul) was plated in a well of flat-bottomed, 96-well tissue
culture plates (Nunc), and incubated for 4 h at 37°C in 5% CO;
in air. After washing each well once with 200 ul of DMEM with
10% heat-inactivated FCS, still adherent cells were used as
macrophages. Pooled peritoneal cells from 3-8 mice were used
for each experiment, depending upon its scale.

In order to measure the time kinetics of IC degradation of
macrophages, 50 ul of MRL/Ipr-1C were added to macrophages
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in each well. After incubation for the indicated periods at 37°C
in 5% CO,, each well was washed twice with 200 ul of the
prewarmed DMEM containing 1% bovine serum albumin
(BSA; Fraction V; Boehringer Mannheim-Yamanouchi,
Tokyo, Japan). Then, 100 ul of the prewarmed DMEM with
10% heat-inactivated FCS were added to each well and the
plates were incubated at 37°C for the indicated periods (diges-
tion time). Each well was washed twice with cold HBSS
containing 1% BSA and 0-02% NaN;j. Finally, 10 ul of 0-1%
Triton X-100 in DPBS and 100 ul of reaction mixture (equal
volumes of 0-03% H,0, and 0-2 mg/ml 2,2’-azino-di-(3-ethyl-
benzthiazoline sulphonate (ABTS) in 100 mM citrate-phosphate
buffer pH 5-3) were added to each well. These plates were left at
room temperature for 20 min and the residual HRP activity was
measured at OD4s—~ODs). Macrophage-associated HRP acti-
vity was represented after the subtraction of OD value of cell-
free wells. Endogenous peroxidase activity of macrophages was
undetectable in this system.

In order to confirm that the residual HRP activity in the
macrophages reflected the amount of residual IgG derived from
the phagocytozed IC, we also measured the amount of IgG in
the same set of preparations. Instead of Triton X-100 and ABTS
reaction mixture, 100 ul of distilled water was added to each well
to lyse macrophages. The amount of IgG in the lysate was
determined by ELISA on Nunc-TSP plate (Nunc) with alkaline
phosphatase-labelled protein A (Boehringer Mannheim-Yama-
nouchi) as described previously [29]. The time kinetics of
decrease in HRP activity of MRL//pr-IC was correlated well
with that in the amount of IgG (results not shown). Thus, the
assay system described above was used for measuring the time
kinetics of IC degradation of macrophages because of its fewer
reaction steps and reproducibility.

Statistical analysis
Statistical significance was determined by Student’s ¢-test.

RESULTS

Microscopic findings in glomerular lesions in M RL/lpr mice
Pathologic manifestations of glomerular lesions in MRL/lpr
mice were characterized by diffuse cell-proliferative glomerulo-
nephritis (Fig. 1a). IgG, IgM and C3 deposits were observed
along glomerular capillary walls in a granular pattern and
sometimes in a micronodular form (Fig. 1b). These glomerular
lesions were characterized also by the accumulation of Mac-2-
positive cells, indicating activated macrophages (Fig. 1c). Co-
existence of both macrophages and IgG deposits suggested that
macrophage-IC interaction may play a critical role in the
development of glomerular lesions in MRL/Ipr mice.

Degradation of electron-dense deposits in MRL/\pr macrophages
and the effects of cytokines in vivo

Electron microscopic studies revealed that macrophages in
glomeruli contained numerous electron-dense bodies in their
phagosomes, not associated with phagolysosomal changes (Fig.
2a). These deposits seemed to be derived from phagocytozed
osmiophilic materials deposited in glomerular subendothelial
regions and mesangium (Fig. 2b). However, when glomeruli of
the MRL/lpr mice treated with the culture supernatant of
HUTI102 cells 3 days earlier were examined (see Materials and
Methods), such phagosomes with electron-dense deposits were

Fig. 1. Representative histopathological and immunohistochemical
manifestations of glomerulonephritis in female 4-month-old MRL/lpr
mice. (a) Diffuse cell-proliferative glomerulonephritis showing the
accumulation of inflammatory cells and significant lobulation of
glomerular tufts (haematoxylin and eosin stain, x 500). (b) IgG deposits
along the capillary walls in a coarse granular pattern, partially in a
micronodular form (immunofluorescence, x 375). (c) A large number of
Mac-2-positive macrophages accumulate in an affected glomerulus
(immunofluorescence, x 375).
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Fig. 2. Representative electron micrographs of the glomerular lesions of
female 4-month-old MRL/Ipr mice injected (c) or non-injected (a, b)
with HUT102 CM (see Materials and Methods). (a) There are a lot of
phagocytic cells with many osmiophilic materials, namely electron-
dense bodies. Phagolysosomal changes are not observed ( x 3000). (b)
Active phagocytosis of macrophage against osmiophilic subendothelial
deposits ( x 9800). (c) Significant phagolysosomal changes of electron-
dense bodies in macrophages, suggesting digestion of phagocytozed
materials ( x 3800).

reduced in all of the treated mice, compared with the controls.
Instead, we observed many vacuoles in the cytoplasm of these
macrophages, indicating phagolysosomal changes of electron-
dense bodies (Fig. 2¢). Such vacuoles were not observed in the
control mice.

Quantitative analysis of IC degradation in M RL/lpr macrophages
and the effects of cytokines in vitro

The immunohistochemical and electron microscopic studies
described above suggested that the ability of MRL/Ipr macro-
phages to degrade phagocytozed IC deposited in glomeruli was
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Fig. 3. Effects of HUT102 products on MRL/Ipr macrophages in the
degradation of MRL/Ipr-IC. Resident peritoneal cells from MRL//pr
mice (4 months old) were plated in a well of the flat-bottomed, 96-well
tissue culture plates (see Materials and Methods). Adherent cells were
further incubated for 2 days in the absence (O) or presence of the
concentrated HUT102 CM, diluted x 10 (®), or x40 (a). After 2 h
incubation with horseradish peroxidase (HRP)-labelled MRL//pr-IC,
HRP activity in macrophages was followed at indicated time points and
represented as OD49s—ODs). Results were represented as mean +s.d. of
quadruplicate wells. Very similar results in degradation time kinetics
were obtained in experiments repeated twice.

augmented by HUT102 cell products. We set out to analyse the
degradation of IC in macrophages in vitro using MRL/lpr-IC
(see Materials and Methods).

In order to establish the assay system, we first incubated
MRL/Ipr macrophages with IC for varying times of 1-8 h,
washed out excess IC, and then measured the kinetics of
degradation of IC in macrophages. After 2 h of incubation with
MRL/Ipr-IC, degradation of IC in MRL/Ipr macrophages was
delayed compared with 1 h of taking up IC, but was not so
different from 4 or 8 h of taking up (results not shown).
Therefore, macrophages should be saturated or equilibrated
with IC after the 2 h incubation. Thus, we incubated macro-
phages with MRL//pr-IC for 2 hin the following experiments. In
this condition, we measured the IC degradation activity of the
macrophages at a saturated or equilibrated status with IC. This
condition may reflect the in vivo situation of these macrophages,
because a large amount of circulating IC exists in the sera of
these mice [7,8].

We then examined the effects of HUT102 cell products on
degradation of IC in MRL//pr macrophages in this system. The
cocultivation of MRL/Ipr macrophages with the conditioned
medium of HUT102 cells (HUT102 CM) after intake of MRL/
Ipr-1C showed no change in the kinetics of degradation of IC
(results not shown). However, the pretreatment of MRL/lpr
macrophages with HUT102 CM for 2 days enhanced the
degradation of MRL//pr-IC (Fig. 3). The enhancing effect of the
culture supernatant of HUT102 cells on the degradation of IC
was significant at 60 min after intake of IC (P <0-025). Thus,
HUT102 CM contained certain soluble factors which enhanced
the degradation of IC.

We next examined the effects of the pretreatment with
several human cytokines on the degradation of MRL//pr-IC in
MRL/lpr macrophages. The cytokines examined here, IL-1a,
LT (TNF-B), GM-CSF and IFN-y, are known to be constitu-
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Fig. 4. Effects of recombinant human lymphotoxin (LT) on MRL/ipr
macrophages in the degradation of MRL/Ipr-IC. Peritoneal cell culture
was prepared as described in Fig. 3. Adherent cells were incubated for 2
days in the absence or presence of LT. After 2 h incubation with
horseradish peroxidase (HRP)-labelled MRL//pr-IC, HRP activities in
macrophages were followed at indicated time points and represented as
OD495-ODs)o. Results were represented as mean + s.d. of quadruplicate
wells. ®, 500 U/ml; A, 50 U/ml; a, 5 U/ml; O, none. This experiment was
repeated three times with similar results in degradation time kinetics.

tively produced from HUT102 cells [30-33]. The pretreatment
with LT seemed to enhance IC degradation in MRL/lpr
macrophages in a dose-dependent manner (Fig. 4). Although
the initial uptake of MRL//pr-IC was almost the same between
LT-treated and non-treated groups (P>0-5), the enhancing
effect of LT (500 U/ml) was significant at 10 and 60 min
(P <0-005 and P <0-005, respectively). IL-1a was also effective
to a lesser extent (results not shown). On the other hand,
GM-CSF and IFN-y had no effect on the degradation of IC in
MRL/Ipr macrophages (results not shown).

These results indicate that IC degradation in MRL/ipr
macrophages could be modulated by exogenously administered
cytokines in vivo and in vitro.

Effects of MRL|/lpr cytokines on IC degradation

The above results suggested that IC degradation activity of
macrophages in non-manipulated and disease-bearing MRL/ipr
mice might be impaired by cytokines produced constitutively in
these mice. Thus, our last experiment was designed to examine
the effects of cytokines produced by spleen cells of disease-
bearing MRL/Ipr mice on IC degradation in non-diseased
MRL/+ macrophages.

Macrophages from 4-month-old MRL/+ mice were prein-
cubated for 2 days with the indicated concentration of MRL/ipr
(5-6-month-old) spleen cell culture supernatant (see Materials
and Methods). The initial amount of MRL/Ipr-IC retained in
MRL/+ macrophages was increased (P<0-005, Fig. 5).
Although the dose dependency of the MRL//pr spleen cell
culture supernatant on a delay in IC degradation in MRL/+
macrophages was not significant at 120 min (P <0-1), the delay
in the higher concentration seemed to be compatible with that in
non-treated MRL/Ipr macrophages.
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Fig. 5. Kinetics of the degradation of MRL/lpr-IC in MRL//pr or MRL/
+ macrophages and the effects of MRL/lpr spleen cell culture
supernatant on MRL/+ macrophages on the degradation of MRL//pr-
IC. Resident peritoneal cells from MRL/+ mice (4 months old) were
plated in a well of the flat-bottomed, 96-well tissue culture plates (see
Materials and Methods). Adherent cells were further incubated for 2
days in the absence (®) or presence of the spleen cell culture supernatant
of MRL/Ipr mice (5-6 months old), x 10 diluted (a) or x 40 diluted (a).
Resident peritoneal cells from MRL/Ipr mice (4 months old) were also
plated in the same manner and adherent cells were incubated for 2 days
without spleen cell culture supernatant (O). After 2 h incubation with
horseradish peroxidase (HRP)-labelled MRL//pr-IC, HRP activities in
macrophages were followed at indicated time points and represented as
ODy95-ODs)o. Results were represented as mean +s.d. of quadruplicate
wells. This experiment was repeated three times with similar results in
degradation time kinetics.

DISCUSSION

Evaluation of macrophage functions in MRL/lpr mice has
yielded controversial results. Antigen presentation of MRL//pr
macrophages has been reported to be both normal [19] and
decreased [17,18], and the phagocytic activity of MRL//pr
macrophages for sheep erythrocytes or opsonized sheep
erythrocytes has been reported to be both enhanced [21] and
decreased [18,20]. However, from a pathological point of view,
MRL/Ipr macrophages exhibit characteristics associated with
tissue injury since ADCC activity [22], H,O, release stimulated
with phorbol myristate acetate [22], activity of lysosomal
enzymes [21], and release of superoxide stimulated with opso-
nized zymosan [21] are enhanced in MRL//pr macrophages.
Moreover, clearance studies show that IC clearance in MRL/lpr
mice in vivo is clearly delayed [34,35].

We found previously that phagocytic activity and lysosomal
enzyme activity of macrophages in MRL/Mp strains of mice are
controlled by the cytokines produced by MRL/Ipr spleen cells
[21]. Ia expression in MRL/Ipr macrophages is also induced by
MRL/Ipr spleen cell products [14]. Although MRL//pr macro-
phages derived from bone marrow cultures have been reported
to exhibit some of the same functional alterations as those of
macrophages from the disease-bearing mice [18], the terminal
activation and/or functional modification of MRL//pr macro-
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phages responsible for the onset of disease seem to be regulated
by the production of specific cytokines in these mice.

Therefore, we decided to study IC degradation ability of
macrophages in MRL//pr mice and its regulation by cytokines.
In the present study, we demonstrated: (i) electron-dense body
formation in macrophages in glomerular lesions of MRL/lpr
mice; (ii) disappearance of these electron-dense bodies after
administration of human T cell line-derived cytokines in vivo,
(iii) enhancement of IC degradation activity in MRL/lpr
macrophages by pretreatment with human T cell line-derived
cytokines, or with human recombinant LT or IL-1a in vitro; and
(iv) induction of impaired degradation of MRL//pr-IC in MRL/
+ macrophages by pretreatment with the spleen cell culture
supernatant of disease-bearing MRL/Ipr mice. These results
indicate that cytokines regulate IC degradation in macrophages
of MRL/Mp strains of mice, and that cytokines produced in
MRL/Ipr mice cause the impaired IC degradation in these mice,
although our study did not clarify the critical cytokines affecting
1t.

Recently, a T cell cytokine, Eta-1, has been reported to be
expressed at a very high level in DNT cells in MRL//pr mice [36].
This cytokine binds to mouse peritoneal macrophages and
attracts macrophages to a site of Eta-1 injection in vivo [37].
Although it is still unclear what kind of functional alteration
Eta-1 induces in these mice, Eta-1 may be one of the cytokines
affecting macrophage-IC interaction. The elevation of M-CSF
is also reported in MRL//pr mouse sera, but not in MRL/+
mice or other mouse strains bearing the /pr gene [38]. M-CSF
increases the phagocytic but not bactericidal activity in macro-
phages of normal strains of mice [39]. Thus, M-CSF may be
another candidate to generate the impaired degradation of IC in
MRL/Ipr macrophages. These findings suggest that a selected
activation and/or differentiation of MRL//pr macrophages to
cause the impaired degradation of IC may be generated by
several cytokines, but not by a single cytokine, which are
involved in a macrophage-related cytokine network.

The defect in MRL/Ipr macrophages which causes the
impaired degradation of IC is still unclear. However, since the
lysosomal enzyme activity per se of MRL/I[pr macrophages is
not decreased [21], dysfunction in phagosome-lysosome fusion
such as is found in Chédiak-Higashi syndrome [40] may be
involved. In fact, delayed fusion between acridine orange-
labelled lysosomes and phagosomes containing opsonized
zymosan can be observed in MRL//pr macrophages (H. Kanno
et al., unpublished observation). Effects of cytokines on the
fusion process should be further studied.

In this study we showed that IC degradation ability in
macrophages of MRL/Mp strains of mice was under the control
of several cytokines. Macrophages in MRL//pr mice may
differentiate into cells with a limited repertoire, being less able to
degrade phagocytozed IC. Our results support the idea that
selective alteration of macrophage functions by regulatory
cytokines might be useful for the control of immune complex
diseases.
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