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Abstract
Apoptosis is a critical process in tissue homeostasis and results in immediate removal of the dying
cell by professional phagocytes such as macrophages and dendritic cells. Phagocytosis of apoptotic
cells actively suppresses production of pro-inflammatory growth factors and cytokines. Impaired
phagocytosis of apoptotic cells has been implicated in the pathogenesis of chronic inflammatory and
autoimmune diseases. In this study we found that, in addition to suppressing LPS-induced production
of TNF-α and IL-6, phagocytosis of apoptotic cells by macrophages suppressed production of the
chemokine CXCL10 that is activated by LPS-induced autocrine-acting type I IFNs. Inhibition of
cytokine and chemokine production was not universally affected since LPS-induced production of
IL-10 and IL-8 was not significantly affected. Apoptotic cells had minimal effects on LPS-induced
activation of NF-κB and MAPKs, but induced expression of SOCS proteins and substantially
suppressed induction of CXCL10 expression by IFN-α. In addition to suppressing LPS responses,
apoptotic cells inhibited macrophage responses to another major macrophage activator IFN-γ by
attenuating IFN-γ-induced STAT1 activation and downstream gene expression. These results
identify suppressive effects of apoptotic cells on signal transduction, and extend our understanding
of the anti-inflammatory effects of apoptotic cells to include suppression of Jak-STAT signaling.
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Introduction
Apoptosis is an evolutionarily conserved mechanism for removal of unwanted, old or damaged
cells. The recognition and removal of apoptotic cells by macrophages represent a unique form
of phagocytosis that actively induces an anti-inflammatory and immunosuppressive state (1).
Production of anti-inflammatory mediators such as TGF-β, interleukin-10 (IL-10) and
prostaglandin E2 (PGE2) during phagocytosis of apoptotic cells has been shown to mediate
these effects (2–4). Many receptors and soluble factors have been implicated in the recognition
and clearance of apoptotic cells by macrophages (5). These include the class A and class B of
the scavenger receptors, receptors for oxidized LDL, certain integrins like the vitronectin
receptor αvβ3, complement receptors CR3 and CR4, a phosphatidylserine receptor, the
thrombospondin receptor CD36, the Mer tyrosine kinase receptor and CD14 (6–12). Exposure
of the negatively charged phospholipid phosphatidylserine (PS) on the cellular membranes of
apoptotic cells has been recognized as a specific feature of cells undergoing apoptosis. A
number of soluble mediators such as thrombospondin, β2-glycoprotein I, protein S, histidine-
rich glycoprotein (HRG), serum amyloid protein (SAP) and C-reactive protein (CRP) have
been shown to play a role in the recognition and removal of apoptotic cells by macrophages
(13–15).

The clearance of apoptotic cells by macrophages prevents their lysis and the consequent release
of toxic and/or immunogenic intracellular components. Intra-articular injection of apoptotic
cells prevented the development of an experimental immune complex inflammatory arthritis
in mice (16) and in an animal model of acute pulmonary inflammation, direct apoptotic cell
instillation enhanced the resolution of acute inflammation and decreased the production of pro-
inflammatory chemokine levels in the bronchoalveolar lavage fluid (17). In a restrictive
engraftment model of murine bone marrow transplantation, apoptotic leukocytes co-infused
with allogeneic bone marrow cells had a graft-facilitating effect without causing graft-versus-
host disease (18).

Deregulation of cytokine production or cytokine networks has been implicated in the
pathogenesis of a number of human autoimmune/inflammatory diseases including rheumatoid
arthritis (RA) and systemic lupus erythematosus (SLE) (19,20). Bacterial lipopolysaccharide
(LPS) and IFNγ are strong activators of inflammatory reactions and cellular immunity and
major activators of macrophages. LPS signals by stimulating Toll-like receptor 4 (TLR4).
Stimulation of TLR4 leads to the activation of two signaling pathways: the MyD88 (myeloid
differentiation primary-response protein 88)-dependent and MyD88-independent pathways.
The MyD88-dependent pathway involves the early phase of nuclear factor- κB (NF-κB) and
MAPK activation, which leads to the production of inflammatory cytokines, such as TNF-α
and IL-6. The MyD88-independent pathway activates interferon regulatory factor 3 (IRF3) and
involves the late phase of NF-κB and MAPK activation, which leads to the production of IFN-
β and the expression of IFN-inducible genes, such as the gene encoding CXC-chemokine ligand
10 (CXCL10; the product of which is also known as IFNγ-inducible 10 kDa protein (IP-10))
(21,22). TLR4 stimulation activates all three members of the MAPKs, namely p38, JNK and
ERK1/2, which play a role in inflammatory cytokine production (23,24).

To extend our knowledge of the role of apoptotic cell phagocytosis on macrophage activation,
we studied the effects of apoptotic cell phagocytosis on LPS-induced signal transduction and
cytokine and chemokine production, including activation of the Jak-STAT pathway by
autocrine action of type I IFNs. We found that, in parallel with inhibition of TNF-α and IL-6
production, apoptotic cell phagocytosis inhibited LPS-induced activation of STAT1 and
CXCL10 production. Surprisingly, apoptotic cell phagocytosis directly inhibited IFN-γ-
induced STAT1 activation both in vivo and in vitro. Thus, apoptotic cell phagocytosis achieves
its anti-inflammatory effects in part by suppressing activation of the Jak-STAT pathway.
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Materials and Methods
Reagents and cell culture

Experiments with animals were approved by the animal care and use committee of the Hospital
for Special Surgery (New York, NY). C57BL/6 mice were purchased from the Jackson
Laboratories. Peripheral blood mononuclear cells were isolated by density gradient
centrifugation with Ficoll (Invitrogen) of whole blood from healthy volunteers with a protocol
approved by the Institutional Review Board of the Hospital for Special Surgery (New York,
NY). Human monocytes were purified from peripheral blood mononuclear cells immediately
after isolation with anti-CD14 magnetic beads, as recommended by the manufacturer (Miltenyi
Biotec) and were cultured in RPMI 1640 medium (Invitrogen) supplemented with 10% human
serum and 10 ng/ml of macrophage colony-stimulating factor for 2–8 days and similar results
were obtained regardless of the culture period. Recombinant human IFN-γ was from Roche
Molecular Biochemicals; recombinant human IFN-αA was from Biosource International;
recombinant human IL-10 and human macrophage colony-stimulating factor was from
PeproTech; LPS was from Sigma. Jurkat T cells were cultured in RPMI 1640 medium
supplemented with 10% FBS (Hyclone). Anti-Fas antibody (clone CH11) was from Upstate
Biotechnology.

Apoptotic cell phagocytosis assays
Jurkat T cells were labeled with the red lipophilic dye PKH as recommended by the
manufacturer (Sigma), and incubated with an agonistic anti-Fas IgM monoclonal antibody for
3 hours to induce apoptosis. Greater than 70% of cells were apoptotic as determined by flow
cytometry with Annexin V. Murine thymocytes were treated with dexamethasone (100 μM)
overnight to induce apoptosis. Control live Jurkat cells or apoptotic Jurkat cells were added at
a ratio of 10:1 to human macrophages for 1 hour and non-phagocytosed cells were removed
by gentle washes with HBSS. For microscopic analysis, macrophages were stained with anti-
CD14-FITC antibody (BD Pharmingen, San Diego, CA) and then incubated with PKH-labeled
Jurkat cells and imaged using a Leica DC 200 digital camera (Leica, Switzerland) attached to
a Zeiss Axioplan microscope (Zeiss, Germany). For the in vivo experiments, mice were injected
intraperitoneally with 2 ml of 3% thioglycollate medium to induce sterile peritonitis. Two days
later mice were injected with apoptotic or viable syngeneic thymocytes. One hour later mice
were euthanized and peritoneal cells were retrieved by peritoneal lavage with ice cold HBSS.
Peritoneal cells were plated on plastic plates, macrophages were selected by adherence and
stimulated with cytokines as noted.

EMSA and immunoblots
Total cell extracts were obtained and proteins were quantitated with the Bradford assay
(BioRad), as described. (25). Cell extracts (5 μg) were incubated for 15 min at 25 °C with 0.5
ng of 32P-labeled double-stranded high-affinity sis-inducible element oligonucleotide (5′-
GTCGACATTTCCCGTAAATC-3′) in a 15-μl binding reaction volume with 40 mM NaCl
and 2 μg of poly(dI:dC) (Pharmacia); complexes were resolved by nondenaturing 4.5% PAGE.
For immunoblots, cell lysates (10 μg) were fractionated by 7.5% SDS-PAGE. Monoclonal
antibodies to STAT1 (clone 1) and STAT3 (clone 84) were from BD Transduction laboratories;
polyclonal antibodies to p-38, ERK1/2 and JNK were from Santa Cruz Biotechnology and to
IκB-α was from Cell Signaling Technology. Phosphorylation-specific antibodies to STAT1
(Tyr 701), STAT3 (Tyr 705), p-38, JNK and ERK1/2 were from Cell Signaling Technology.

Real Time Quantitative RT-PCR (qPCR)
For real time PCR, total RNA was extracted using an RNeasy Mini kit and 1 μg of RNA was
reverse transcribed using a First Strand cDNA Synthesis kit (Fermentas, Hanover, MD). Real
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time, quantitative PCR was performed using iQ™ SYBR-Green® Supermix and an iCycler
iQ™ thermal cycler (Biorad, Hercules, CA) following the manufacturer′s protocols. Triplicate
reactions were run for each sample and expression of a tested gene was normalized relative to
levels of CD14 such as to normalize relative to levels of macrophage RNA. The generation of
only the correct size amplification products was confirmed by agarose gel electrophoresis.
Sequences of primers used for amplification are: CXCL10 (IP-10) 5′-
ATTTGCTGCCTTATCTTTCTG-3′ and 5′-TCTCACCCTTCTTTTTCATTGTAG-3′,
CXCL9 (MIG) 5′-GCTTTTTCTTTTGGCTGACCTGTT-3′ and 5′-
ATCAGCACCAACCAAGGGACTATC-3′, SOCS1 5′-CCCTTAGCGTGAAGATGGC-3′
and 5′-GCAGCTCGAAGAGGCAGTC-3′, SOCS3 5′-
CACTCTTCAGCATCTCTGTCGGAAG-3′ and 5′-
CATAGGAGTCCAGGTGGCCGTTGAC-3′.

Enzyme-linked immunosorbent assay (ELISA)
TNF-α, IL-6, IL-8, IL-10 and IP-10 concentrations were measured by sandwich ELISA, as
recommended by the manufacturer (BD Pharmingen).

Results
Interaction of Apoptotic Jurkat Cells with Primary Macrophages in vitro

Apoptotic Jurkat cells were added in a ratio of 10:1 to macrophages and interaction of apoptotic
cell phagocytosis with macrophages was evaluated using flow cytometry. Jurkat cells were
labeled with PKH (a lipophilic red fluorescent dye that stains cell membranes) and
macrophages were stained with an anti-CD14 antibody labeled with FITC (Fig. 1A). Typically
60 to 80% of the macrophages were double positive for CD14-FITC and PKH after one hour
of interaction with apoptotic Jurkat cells (Fig. 1A) and were used for further experiments.
Interaction of CD14-FITC-labeled macrophages (green) and PKH-labeled apoptotic cells (red)
was also analyzed using fluorescence microscopy. Adherent macrophages were cultured with
apoptotic Jurkat cells, Jurkat cells were washed away, and cells were imaged (Fig. 1B; a
representative field is shown). In the merged view (right panel), five out of six macrophages
contained internalized apoptotic cells (stained orange) whereas one out of six macrophages did
not (stained green, bottom left corner of same panel). This result is consistent with the flow
cytometry results shown in Fig. 1A. Primary human macrophages digest apoptotic cells rapidly,
and thus we did not see discrete internalized cells but a punctate staining pattern where PKH-
labeled apoptotic cell fragments localized within FITC-labeled macrophages (Fig. 1B). These
results suggest that macrophages digest apoptotic cells.

Apoptotic Cells Inhibit LPS-induced Cytokine and Chemokine Production by Macrophages
We investigated the effect of apoptotic cells on LPS-induced cytokine and chemokine
production by macrophages in vitro. Consistent with previous reports, apoptotic cells
significantly decreased LPS-induced production of TNF-α and IL-6 (Fig. 2A). In addition,
apoptotic cells suppressed LPS induction of CXCL10, which is dependent on autocrine type I
IFN production (Fig. 2A). This inhibition was specific since LPS-induced production of IL-8
was not significantly affected after apoptotic cell phagocytosis (Fig. 2B). Depending on the
experimental system, production of the anti-inflammatory cytokines IL-10 and TGF-β by
macrophages or by apoptotic cells has been shown to mediate inhibition of cytokine production
(3,4,26). IL-10 production was not increased by apoptotic cells in our system (Fig. 2B),
suggesting that apoptotic cells did not suppress cytokine production by inducing IL-10.
Inhibition of TGF-β by blocking antibodies and latency associated peptide was not consistent
in our system and thus the role of TGF-β in suppressing production of TNF-α and CXCL10 in
our system is not clear at this time. Our results are in accordance with previously reported
inhibition of LPS-induced TNF-α production by macrophages after apoptotic cell
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phagocytosis. In addition, we now show that apoptotic cells negatively regulate LPS-induced
CXCL10 production by macrophages, a response that is dependent on autocrine type I IFN
action (27).

Apoptotic Cells Inhibit the LPS-induced Type I IFN-mediated Autocrine Loop in Macrophages
Production of the pro-inflammatory cytokines TNF-α and IL-6 after LPS stimulation is
regulated by the TLR4-MyD88-dependent signaling pathway that results in the activation of
NF-κB and p38, JNK and p42/44 ERK MAPKs. MyD88-deficient mice do not produce TNF-
α or IL-6 when exposed to LPS, even though NF-κB and MAPK activation still occurs with
delayed kinetics (28). To determine where apoptotic cell phagocytosis intersects the LPS-TLR4
signaling pathway, we examined the kinetics of activation of the three MAPKs and the NF-
κB pathway, which are all downstream of TLR4 stimulation. We measured activation of the
NF-κB pathway by examining the degradation of the inhibitor IκBα, which serves to retain
NF-κB dimers in the cytoplasm, thereby preventing transcriptional activation by NF-κB.
Apoptoic cells had a minor effect on the kinetics of IκBα degradation (Fig. 3A). The magnitude
of p38 MAPK, JNK and p42/44 ERK phosphorylation was minimally affected by apoptotic
cells (Fig. 3A, note that the last lane is underloaded). These results suggest that inhibition of
TNF-α and IL-6 production could not be explained by apoptotic cell-induced changes in NF-
κB and MAPK activation.

Transcription of the CXCL10 gene is regulated by the TLR4-MyD88-independent signaling
pathway after LPS stimulation (27). Activation of the TLR4 MyD88-independent pathway
induces type I IFN production, with downstream activation of STAT1 and its target genes such
as CXCL10 (29). We assessed the effects of apoptotic cells on the MyD88-independent
pathway by measuring the activation of STAT1 after LPS stimulation. Apoptotic cells induced
no STAT1 phosphorylation in macrophages (Fig. 3B, second lane), whereas LPS stimulation
induced tyrosine phosphorylation of STAT1 in control macrophages as expected (Fig. 3B, lane
4). Apoptotic cells attenuated LPS-induced tyrosine phosphorylation of STAT1 (Fig. 3B, lane
5). Phosphorylation of STAT3, another STAT activated by type I IFNs, was also decreased by
apoptotic cells (Fig. 3B). It was possible that apoptotic cells induced expression of soluble or
intracellular factors that suppressed LPS-induced STAT1 activation. To investigate the effect
of soluble factors, we performed culture supernatant transfer experiments, where macrophages
were cultured in supernatants obtained from cultures after apoptotic cell phagocytosis and then
were stimulated with LPS. As shown in Fig. 3B, LPS-induced STAT1 phosphorylation was
not affected after supernatant transfer, thereby excluding a role for a secreted factor(s) in the
decreased phosphorylation of STAT1. Culture supernatants alone had no effect in the
phosphorylation of STAT1 (Fig. 3B, lane 3).

We investigated the effects of apoptotic cells on gene activation by type I IFNs that mediate
LPS induction of CXCL10 expression. Apoptotic cells effectively suppressed IFN-α-induced
expression of CXCL10, and also of the STAT1 target gene CXCL9 (Fig. 3C). These results
indicate that apoptotic cells inhibit macrophage gene induction by IFN-α and that suppression
of IFN responses contributes to the inhibition of LPS-induced CXCL10 expression by apoptotic
cells. Members of the SOCS protein family are potent suppressors of cytokine signaling and
STAT activation, including signaling by type I IFNs, and therefore we tested whether apoptotic
cells could induce SOCS expression. Apoptotic cells induced expression of SOCS1 and SOCS3
(Fig. 3D), suggesting that SOCS proteins contribute to apoptotic cell- mediated suppression
of LPS- and IFN-α-induced gene expression. Overall, the results show that apoptotic cells
suppressed LPS activation of the IFN-mediated autocrine loop that leads to activation of STATs
and downstream target genes.
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Inhibition of IFN-γ Responses in vitro and in vivo by Apoptotic Cell Phagocytosis
We wished to determine if apopotic cells suppressed macrophage activation more broadly than
inhibition of LPS and type I IFN responses. Therefore we analyzed the effects of apoptotic
cells on macrophage responses to the major activating factor IFN-γ. Apoptotic cells decreased
IFN-γ-induced STAT1 tyrosine phosphorylation (Fig. 4A). This inhibition was specific, as
activation of STAT3 by the anti-inflammatory cytokine IL-10 was not suppressed (Fig. 4A).
However, inhibition of IFN-γ-induced STAT1 tyrosine phosphorylation was variable
depending on the blood donor and strong inhibition was observed only in approximately one
half of experiments (data not shown). We were unable to identify reasons for this variability,
despite extensive troubleshooting of the in vitro experimental system. However, apoptotic cells
effectively suppressed IFN-γ-induced expression of CXCL10 and CXCL9 (Fig. 4B), thereby
supporting the biological significance of the signaling inhibition we had observed. In addition,
we investigated the effects of apoptotic cell phagocytosis on IFN-γ and IL-10 signaling in
vivo using a model of chemically-induced peritonitis in C57BL/6 mice. Apoptotic cells were
injected intraperitoneally and peritoneal macrophages were removed and stimulated ex-vivo
with IFN-γ and IL-10. Interaction of macrophages with apoptotic cells in vivo significantly
inhibited IFN-γ-induced STAT1 DNA binding and STAT1 tyrosine phosphorylation (Fig. 4C).
Apoptotic cell phagocytosis in vivo significantly inhibited IL- 10-induced STAT1 tyrosine
phosphorylation and DNA binding of STAT1:STAT1 and STAT1:STAT3 dimers (Fig. 4D).
Similar to the in vitro results (Fig. 4B), apoptotic cells only minimally affected IL-10-induced
activation of STAT3 that mediates the anti-inflammatory effects of IL-10 (Fig. 4D). Thus,
apoptotic cells preferentially suppress signaling mediated by the strongly activating factors
IFN-γ and STAT1.

Discussion
There is considerable experimental evidence that phagocytic clearance of cells dying by
apoptosis is much more than mere waste disposal. Depending on the context, the removal of
apoptotic cells by phagocytes might suppress inflammation, modulate the macrophage directed
deletion of invading pathogens and critically regulate immune responses (30). Inflammatory
responses are vital for host defense against infection but when persistent they underlie
important diseases such as rheumatoid arthritis. It has been shown in different experimental
systems in vitro that phagocytosis of apoptotic cells actively suppresses the secretion from
activated macrophages of pro-inflammatory mediators such as TNF-α, IL-1 and IL-12. In our
present study we present evidence that uptake of apoptotic cells by macrophages inhibits LPS-
induced production of CXCL10, a potent chemoattractant for the accumulation of Th1
lymphocytes at sites of inflammation (31). The inhibition LPS-induced cytokine production
after apoptotic cell phagocytosis was not a universal phenomenon since macrophages produced
equal amounts of IL-8 and IL-10 compared with control cells. IL-8 is a potent chemoattractant
for neutrophils, a cell type that plays a vital role in the acute phase of inflammatory response
against infections and IL-10 is a potent anti-inflammatory mediator that regulates the chronic
phase of inflammatory responses. This pattern of cytokine and chemokine production by
activated macrophages after the clearance of apoptotic cells would contribute to effective
clearance of microorganisms while inhibiting the establishment of chronic unwanted
inflammatory responses.

LPS-induced cytokine production is mainly mediated by activation of NF-κB, MAPKs, IRF-3
and by induction of a type I IFN-mediated, STAT1-dependent autocrine loop (22). We have
shown that interaction of macrophages with apoptotic cells had minimal effects on LPS-
induced NF-κB activation and activation of the MAPKs p38, JNK, and ERK1/2. In contrast,
apoptotic cells suppressed the LPS-induced IFN-mediated autocrine loop by attenuating
STAT1 activation and suppressing type I IFN activation of STAT1-dependent genes such as
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CXCL10 (27,29). It is likely that apoptotic cell induction of SOCS1 and SOCS3 expression
contributes to suppression of IFN-induced gene expression (32). LPS induces expression of
inflammatory cytokines such as TNF-α and IL-6 via activation of NF-κB and MAPKs, and the
mechanisms by which apoptotic cells suppress TNF-α and IL-6 expression have not been
clarified. Our results suggest that inhibition of TNF-α and IL-6 expression by apoptotic cells
does not occur at the level of NF-κB- and MAPK-mediated signal transduction. It is possible
that apoptotic cells suppress alternative, as yet unknown, signaling pathways that lead to TNF-
α and IL-6 expression, or work at the level of chromatin modification. In contrast, apoptotic
cells suppressed Jak-STAT signaling and IFN-mediated responses downstream of TLR4.

IFN-γ is a key activator of macrophages and is mainly produced by NK cells and Th1 cells at
later stages of the immune response and STAT1 mediates most of the activating effects of IFN-
γ on macrophages. We analyzed the effect of apoptotic cells on the IFN-γ signaling pathway
in macrophages both in vitro and in vivo. We found that IFN-γ-induced STAT1 activation, both
at the tyrosine phosphorylation and DNA-binding level, was significantly inhibited in
macrophages which had interacted with apoptotic cells both in vitro and in vivo in a chemically-
induced peritonitis murine model of inflammation. Inhibition of STAT activation was
somewhat selective for STAT1 relative to STAT3, which is activated by IL-10 and is strongly
anti-inflammatory. This selective pattern of inhibition of cytokines and STATs would have the
net effect of suppressing inflammatory macrophage activation while leaving deactivation
pathways intact.
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Abbreviations
Jak  

janus kinase

STAT  
signal transducer and activator of transcription

IFN  
interferons

TLR  
Toll-like receptor

LPS  
lipopolysaccharide

MAPK  
mitogen activated kinase

IL-10  
interleukin-10

TNF-α  
tumor necrosis factor-α

MyD88  
myeloid differentiation factor 88
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Figure 1.
Interaction of Apoptotic Jurkat Cells with Human Macrophages. A. Apoptotic Jurkat T cells
labeled with PKH and macrophages stained with CD14-FITC were cocultured for one hour at
a ratio of 10:1 and then analyzed by FACS. B. Adherent macrophages stained with anti-CD14-
FITC were incubated with PKH-labeled Jurkat cells, Jurkat cells were washed away, and
macrophages were analyzed using fluorescence microscopy.
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Figure 2.
Selective Inhibition of LPS-induced Cytokine Production by Macrophages after Phagocytosis
of Apoptotic Cells in vitro. Peripheral blood human monocyte derived macrophages (HMDMs)
were stimulated with LPS (100 ng/ml) after culture with viable (control) or apoptotic Jurkat
cells for 1 hr. Culture supernatants were collected 18 hours later and analyzed for cytokine and
chemokine production using specific ELISAs. Pretreatment with IL-10 (25 ng/ml) before LPS
stimulation was used as positive control. Bars represent means ± SD of 9 independent
experiments. Student′s t-test was used for statistical analysis.
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Figure 3.
Apoptotic Cells Suppress the LPS-induced IFN-mediated Autocrine Loop. A. Western blot
analysis of IκB and MAPKs in LPS (10 ng/ml) activated macrophages after culture with viable
(control) or apoptotic Jurkat cells for 1 hr. B. Phagocytosis of apoptotic cells inhibits LPS-
induced STAT1 phosphorylation. Macrophages were stimulated with LPS (10 ng/ml) in the
presence of viable (control) or apoptotic Jurkat cells for 18 hours. Cell extracts were analyzed
using immunoblotting. C. Macrophages were cultured with viable (control) or apoptotic Jurkat
cells for 90 min, stimulated with 8 ng/ml of IFN-α for 3 hours, and mRNA levels were measured
using real time PCR. mRNA levels were normalized relative to the expression of CD14, a
monocyte/macrophage marker, and results are shown as mean ± SD of triplicate determinants.
D. Macrophages were cultured with viable (control) or apoptotic Jurkat cells for 90 min, and
SOCS1 and SOCS3 mRNA was measured using real time PCR. mRNA levels were normalized
relative to the expression of CD14 and results are shown as mean ± SD of triplicate
determinants.
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Figure 4.
Phagocytosis of Apoptotic Cell Inhibits IFN-γ Responses in Macrophages in vitro and in
vivo. A. Macrophages were cultured in the presence of apoptotic or viable Jurkat cells at a ratio
of 10:1 for 1 hour and then stimulated with IFN-γ (100 U/ml) or IL-10 (25 ng/ml) for 10
minutes. Cell extracts were analyzed using immunoblotting. B. Human macrophages were
cultured with viable (control) or apoptotic Jurkat cells for 90 min, stimulated with 50 U/ml of
IFN-γ for 3 hours and mRNA levels were measured using real time PCR. mRNA levels were
normalized relative to the expression of CD14 and results are shown as mean ± SD of triplicate
determinants. C and D. Thioglycolate elicited peritoneal macrophages from C57/BL6 mice
were stimulated with murine IFN-γ (10 ng/ml) or IL-10 (25 ng/ml) for 10 min after exposure
to apoptotic cells in vivo. Cell extracts were analyzed for STAT DNA binding activity using
electrophoretic mobility shift assay (EMSA) with the hSIE radiolabeled oligonucleotide.
Levels of tyrosine phosphorylation of STAT1 and STAT3 were analyzed using
immunoblotting.
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