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Abstract 

Objective: To investigate the phagocytic recognition/clearance of the senescent cells using 

promyelocytic cell line, HL60, overexpressing Bcl-2 homilogue, A1, as a model.  

Materials and Methods: Apoptotic and senescent, nonapoptotic HL60-A1 transfectants were 

isolated using the MACS Apoptotic Cell Isolation Kit and labeled with a fluorescent marker. 

Monocyte-derived macrophages (MDM) were cultured to perform the phagocytosis assay, and 

flow cytometry was used to determine the phagocytic index. Blocking agents, including anti-

CD14, anti-CD36, and anti-αvβ3 antibodies, as well as the scavenger receptor inhibitor, Oxi-

LDL were used to differentiate the mechanism of recognition between apoptotic and 

nonapoptotic cells.  

Results: Under the serum-free condition, the phagocytic index of HL60-A1 transfectants was 

little different from that of the HL60-EGFP control, despite having a significantly lower degree 

of apoptosis. While the phagocytic index of HL60-EGFP control was significantly correlated 

with the degree of apoptosis, that index of HL60-A1 transfectants was less relevant to 

apoptosis. The two cell types did not differ in the phagocytic index of annexin V-positive cells. 

However, the phagocytic index of annexin V-negative cells from HL60-A1 transfectants was 

significantly higher than that of the control cells and increased with the age in days. 

Preincubation of MDM with scavenger receptor inhibitor, Oxi-LDL, and the inhibitory 

antibodies of αvβ3, CD14 and CD36 could attenuate the phagocytic recognition of annexin V-

positive HL60 cells but not senescent, annexin V-negative A1 transfectants.  

Conclusions: This study suggests that a different recognition mechanism exists, which 

mediates the phagocytic clearance of the senescent cells and may play a role in the resolution 

of inflammation.   
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Background 

Recruitment of inflammatory cells, including neutrophils, lymphocytes and monocytes is 

important in activating and modulating tissue inflammation [1]. Although the factors regulating 

the fate of the transmigrated cells in tissue are poorly undersood, the phagocytic recognition 

and clearance of the recruited inflammatory cells has been shown to play a pivotal role in 

relieving tissue inflammation and maintaining tissue homeostasis [2, 3]. Among the 

inflammatory cells, neutrophils were thought to have an inherently limited life-span in tissue 

(namely constitutively programmed cell death), but recent evidence suggests that their survival 

in tissue is partially regulated by local factors, including adhesion, cytokines, and chemokines 

[3, 4]. Neutropil persistence in tissue may be a major determinant of acute organ injury since 

the possibility of organ injury caused by the release of proteases and reactive oxygen 

intermediates increases with the time that neutrophils are present in the tissue [5]. While the 

resolution of acute inflammation ultimately depends on neutrophil clearance, the clearance 

mechanism may also influence the duration and severity of tissue inflammation [6, 7]. Necrosis 

of neutrophils releases toxins extracellularly, thus perpetuating the inflammatory response and 

further damaging tissue [8, 9]. In contrast, apoptosis of neutrophils and their subsequent 

phagocytosis by resident macrophages or elicited monocyte-derived macrophages may 

terminate the inflammation [8, 9]. It has been widely accepted that factors promoting neutrophil 

apoptosis and engulfment by macrophages can accelerate the resolution of tissue inflammation, 

while those preventing apoptosis may prolong inflammatoion and increase the likelihood of 

acute organ injury [8-10]. However, there are studies reporting that apoptotic neurophils release 

cytotoxic mediators and cause tissue cell damage [6], and the progression of inflammation is 

prevented by the inhibition of apoptosis [11], suggesting the importance of apoptosis-

independent mechanisms in the resolution of inflammation.             
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The apoptotic cells are destined to be cleared; however, the clearance of recruited 

inflammatory cells may operate through an apoptosis-independent mechanism. Lagasee et al. 

found that over-expression of human Bcl-2 in mouse neutrophils prevented apoptosis but did 

not prevent phagocytosis by macrophages ex vivo or retard clearance in thioglycollate-induced 

peritonitis [12, 13]. Their study also revealed that Bcl-2 attenuated neutrophil apoptosis, while 

the homeostasis of the neutrophil population was essentially unaffected [13]. All these findings 

suggested that phagocytosis of the aging neutrophils exists and is independent of the process of 

apoptosis regulated by Bcl-2. Endogenous expression of Bcl-2 is restricted to early myeloid 

cells in bone marrow, and is not present in mature polymorphonuclear neutrophils of the blood 

[12, 14]. However, A1 is a constitutively expressed- and inducible-Bcl-2 homologue in 

neutrophils [5]. Further examination of the paradoxical phenomen found by Lagasse and 

Weissman using the endogenous Bcl-2 homologue in mature neutrophils, A1, is particularly 

important given its implications for understanding the relationship between neutrophil 

senescence and recognition/phagocytosis. In the present study, we use promyelocytic cell line, 

HL60, over-expressing A1 as a model to investigate the mechanism of the phagocytic 

recognition/clearance of the senescent cells. The stable expression of the mRNA and the fusion 

protein of the EGFP-A1 molecule in HL60-A1 transfectants, demonstrated by ribonyclease-

protection assay and Western blotting respectively, had already shown in our previous 

publication [15]. Additionally, a simple labeling procedure combined with flow cytometric 

analysis to quantify the percentage of phagocytic cells [16] was used to facilitate the research. 
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Materials and Methods 

 

Reagents and Cells 

The solutions for cell culture, DMEM, EMEM, RPMI-1640, fetal calf serum (FCS, 10 x), 

non-essential amino acids (NEAA, 100 x), sodium pyruvate (100 x), penicillin-streptomycin 

(100 x), L-glutamine (100 x), and granulocyte monocyte-colony stimulating factor (GM-CSF) 

were purchased from Life Technologies (Grand Island, NY). FITC conjugated annexin-V, and 

propidium iodide were purchased from BD PharMingen (San Diegi, CA), and red fluorescent 

cell linker was obtained from DAKO (Carpinteria, CA). Meanwhile, blocking antibodies, anti-

CD14-, anti-CD36-, anti-αvβ3-antibodies, scavenger receptor inhibitor, Oxi-LDL, were 

obtained from Calbiochem (La Jolla, CA), and the human promyelocytic HL60 cells were 

obtained from the American Tissue and Cell Collection (ATCC) and maintained in EMEM 

with the above additives. Finally, the monocytes were isolated from peripheral blood obtained 

from healthy volunteers.  

 

Construct of Plasmids 

The fragment containing the open reading frame of the cloned human A1 cDNA [17, 18] 

was inserted in-fame into the EGFP-C1 plasmid (Clontech, Palo Alto, CA). The resulting 

pEGFP-A1 plasmid was then sequenced to confirm the in-frame fusion of EGFP cDNA5’ to 

the A1 open reading frame. 

 

Transfection and selection of stable clones 

HL-60 cells were transfected according to the optimized protocol described previously 

[19, 20], with minor modifications. Briefly, growth phase HL-60 cells were resuspended at 5 x 

107 cells/ml in DMEM with 1.25% DMSO. Meanwhile, 250 microliters of the cells were mixed 
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with 20 μg of previously linearized p-EGFP-A1 plasmid DNA in 50 μl of the same medium 

and placed in a pre-chilled 4 mm gap electroporation cuvette (BTX, San Diego, CA). 

Electroporation was conducted at 290V, R1 (minimal resistance), and 960 μF on a BTX 600 

instrument, and the electroporated cells were rapidly transferred to a pre-warmed 25 cm2 flask 

containing growth medium but no selection antibiotic. G418 (Life Technologies, Grand Island, 

NY), at a final concentration of 1 mg/ml, was added 36 hours after transfection, and the 

selection medium was replaced as needed for the next month. Using mock-transfected (no 

plasmid DNA) HL-60 cells cultured in parallel as a guide, pEGFP-A1 transfected cells were 

removed from the selection after approximately one month to allow out-growth of the surviving 

cells. These cells were sorted into polyclonal pools and individual clones (referred to as the ‘A1 

transfectants’ elsewhere in this study based on green fluorescence. Similarly, HL-60 cells with 

stable EGFP expression and no A1 fusion were generated using the pEGFP-C1 plasmid, sorted 

into a polyclonal pool (‘EGFP Control’). All the sorted HL-60 transfectants were subsequently 

cultured in supplemented EMEM medium.   

 

Confocal microscopy 

Fluorescent images of the HL60-A1 transfectants were obtained using a confocal laser 

scanning microscope (MRC 1000; Bio-Rad, Hemel Hempstead, UK) with COMOS software 

(version 7.0; Bio-Rad). The excitation wavelengths of the krypton/argon laser were 488 nm for 

EGFP. The live cells were optically sectioned by scanning at increasing focus depths (typically, 

in steps of 0.5 µm), and the maximum intensity of the corresponding pixels in an optical section 

displaying maximal cell size was selected adjusted to generate a two-dimentional projected 

image.  
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Preparation of monocyte-derived macrophages 

Human monocytes were isolated as described previously [21]. Briefly, 50 ml of peripheral 

venous blood was drawn from a single volunteer, with citrate (0.31% w/v) being used as an 

anticoagulant. The blood was diluted 2-fold with RPMI-1640 (pH 7.4) before centrifugation at 

300 x g at 20°C for 10 min. The cell pellet was layered on a Percoll gradient (p=1.077 g/ml), 

and the interphase containing the peripheral blood mononuclear cells (PBMC) was obtained 

following 20 min of centrifugation at 450 x g and 20°C. The mononuclear cells were then 

resuspended (106 cells/ml) in RPMI-1640 (GIBCO) medium containing 5% fetal calf serum 

(FCS), 100 U/ml penicillin, and 100 μg/ml streptomycin. After resuspension, the cells were 

seeded onto the plastic surface of a 75 cm2 culture dish for 2 h at 37 °C to let the monocytes 

adhere. Following the incubation, non-adherent cells were removed with three rinses of 5 ml 

RPMI-1640 containing 5% FCS, and the adherent cells were then detached by scrapping with 

rubber policemen. Isolated monocytes were constantly >98% pure on Luko-stat stain (Fisher 

Scientific, Pittsburgh, PA) and >99% viable as determined by trypan blue exclusion. The 

monocytes were resuspended in RPMI-1640 containing GM-CSF (1 ng/ml) and then plated at 

an initial density of 2 x 105 cells/well on 48-well culture dishes. Medium was refreshed 5 days 

after plating and before the experiments. Human monocyte-derived macrophages (HMDM) 

were used for experiments between days seven and ten after plating. 

 

Isolation of Annexin V-positive and negative HL60 cells 

Apoptotic HL60 cells were isolated using the MACS Apoptotic Cell Isolation Kit 

(Miltenyi Biotech, Auburn, CA, USA) following the manufacturer’s instructions. Briefly, 

HL60 cells in serum-free medium were centrifuged for 10 min at 300 x g. After the supernatant 

had been completely removed, the cells were resuspended in 80 μl of binding buffer and 20 μl 

of annexin V-conjugated paramagnetic microbeads/107 cells, and then incubated for 15 min at 
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6°C. After washing once in 5 ml of binding buffer, the cells were loaded onto a Midi-MACS 

column, washed with binding buffer, and both annexin V-selected (by a magnet) and flow-

through (AV-negative) fractions were collected. To ensure quality, the purity of each fraction 

was measured by double-labeling with annexin V-FITC (PharMingen, San Diego, CA, USA) 

and propidium iodide (PI) (Molecular Probes, Oregon, USA). Briefly, fractions of HL60 cells 

were washed once with phosphate-buffered saline, then incubated with annexin V- FITC and PI 

in binding buffer containing 10 mM HEPES, 1.5 mM MgCl2, and 2.5 mM CaCl2 in normal 

saline for 15 min at room temperature. Flow cytometry revealed that the purity of the annexin 

V-positive and negative fractions constantly exceeded 95%. 

 

Cell survival and apoptosis assay 

HL-60 cells were resuspended at 1x106 cells/ml in EMEM, in the presence or absence of 

serum, and cultured for various periods in 24-well plates. Cell death was assessed using various 

complementary methods. After culturing, cells were counted using a hematocytometer and 

viability determined by exclusion of trypan blue. Meanwhile, DNA fragmentation was 

quantitated by flow cytometric analysis of propidium iodide stained DNA in ethanol-fixed 

cells. Phosphoserine exteriorization of the cell surface was quantitated using flow cytometric 

analysis of annexin-V-PE (Pharmingen) staining, and all procedures were performed according 

to the manufactuer’s protocols.      

 

Cell cycle analysis 

Cell cycle progression was quantitated using flow cytometric analysis of propidium iodide 

stained DNA in ethanol-fixed cells. Meanwhile, the G0, G1, synthetic (S), G2, mitotic (M) 

phases of the cell cycle were automatically calculated using the CellQuest Software. The 

proliferation index was defined as (S/M+S2)/(G0+G1). 
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Phagocytosis assay 

At the end of various treatments, HL60-cells were suspended in buffer A (108 cells/ml) 

and labeled with 5 μM final concentration of red fluorescent cell linker for 15 min at 37 °C. 

The cells were then washed twice with 15 ml of ice-cold buffer A and resuspended in RPMI-

1640 containing 10% FBS. To determine the phagocytic clearance of cells by MDM, 1x106 of 

HL-60 cells in 200 μl of RPMI (10% FBS) were incubated with MDM for 1 hr at 37 , and ℃

phagocytosis was proceeded for 1 h at 37°C. Non-phagocytosed HL-60 cells were removed by 

five extensive washings in PBS. The MDM were then resuspended by exposure to trypsin 

(0.005% w/v) for 5 min at 37°C.  

Flow cytometry was used to perform the phagocytosis assay [16]. Flow cytometric 

analysis utilizing density plots of forward scatter (FSC) versus side scatter (SSC) clearly 

distinguished the two populations of cells in co-cultures containing HL60 cells and MDM, 

(Fig. 1A). The green fluorescence profiles for the HL60-A1 transfectants and the control 

EGFP-transfectants were determined before examining the cell-co-cultures and analysing the 

phagocytosis assay. The fluorescence intensity of EGFP at 530 nm (FL1) did not differ 

significantly between cells, and no significant fluorescent interference of EGFP occurred at 585 

nm (FL2) when using protocols to analyze the apoptosis and the phagocytic index of cells (Fig. 

1B). Following labelling with the red fluorescent cell linker, the fluorescent intensity of HL60 

cells detected at FL2 was two to three logs higher than that of the unlabeled cells. The cut-off 

value for defining red fluorescent positivity was set arbitrarily to include over 98 % of the 

labelled cells and exclude over 99 % of the unlabelled cells (Fig. 1C). The percentage of red 

fluorescence-positive MDM detected at 585 nm under this setting was defined as the 

phagocytic index. 

 



 11

Statistical analysis 

Data are expressed as means ± SEM. The Mann-Whitney U test was used to analyze the 

non-normally distributed data, and Spearman rank correlation was used to assay the relevance 

between annexin V positivity and phagocytic index. GraphPad Prism (version 3.0; GraphPad 

Software, San Diego, CA) was used for all the statistical analyses. Statistical significance is set 

at p<0.05. 
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Results 

 

HL-60 transfectants are able to stably express EGFP-A1 fusion protein. 

The green fluorescence that gauged the expression of the ectopic EGFP-A1 fusion 

protein was detected by confocal microscopy (Fig. 2).  

 

Overexpression of A1 in HL-60 provides cytoprotection against serum withdrawal-induced 

cell death. 

To confirm the cytoprotective function of the EGFP-A1 fusion protein, this investigation 

first challenged the A1 transfectants with serum starvation. The data showed that A1 

transfectants provided protection against cell death death triggered by 48 hours of serum-

deprivation, as measured by total dye-excluding cell counts (Fig. 3A), cell hypodiploidy (Fig. 

3B), and surface annexin-V binding activity (Fig. 3C) - complementary methodologies that 

assess viability, DNA fragmentation, and phosphoserine exteriorization during apoptosis, 

respectively. 

 

Phagocytosis index was correlated with the degree of apoptosis in the HL60-EGFP control 

but not in the HL60-A1 transfectants. 

Using a serum-free medium to trigger HL60 apoptosis, the data presented here indicated 

that the phagocytic index of the HL60-A1 transfectants, despite having a significantly lower 

degree of apoptosis, did not differ from that of the HL60-EGFP control (Fig. 4A). Further 

study revealed that while the phagocytic index of the HL60-EGFP control was significantly 

correlated with the degree of apoptosis, the phagocytic index of the HL60-A1 transfectants was 

less relevant to apoptosis (HL60-A1 transfectants: S1, r2=0.20, n=10, p=0.1049; #2, r2=0.27, 

n=10, p=0.1217, versus HL60-EGFP control: r2=0.78, n=10, p=0.0007, Spearman rank 
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correlation). (Figs. 4B, 4C, and 4D). Furthermore, although the HL60-A1 transfectants had 

lower levels of annexin V-positive cells than the HL60-EGFP control, their phagocytic indices 

were comparable or higher (Figs. 4B, 4C, and 4D). To determine whether the difference in the 

phagocytic index arises from the difference in the efficiency of uptaking the apoptotic cells by 

MDM, apoptotic HL60 cells of the EGFP control and A1 transfectrants were isolated using 

magnetic beads conjugated with annexin V and then labeled with the red fluorescent cell linker. 

This study revealed no significant difference in the phagocytic index of annexin V-positive 

cells between the HL60-A1 transfectants and the control cells, suggesting that the annexin V-

negative non-apoptotic fraction contributed to the enhanced phagocytic recognition in the 

HL60-A1 transfectants (Fig. 5). 

 

Phgocytosis index was increased in the senescent non-apoptotic HL60-A1 transfectants    

Further analysis of the cell cycle progression using flow cytometry revealed that the 

proliferation index decreased after two days of serum withdrawal, while proliferation ceased 

and the cells became quiescent on day five in HL60-A1 transfectants under serum-free 

conditions (Figs. 6A and 6B), suggesting an aging process during the serum-withdrawal 

period. There was no visible intracellular granule under light microscopy. Phagocytosis assay 

was performed in the isolated annexin V-negative A1 transfectants cultured in serum-free 

medium for various periods. The data showed that the phagocytic index of these cells increased 

with the number of days in culturing (Fig. 7).  

 

Phagocytosis of the non-apoptotic senescent HL60-A1 transfectants was mediated by the 

CD14-, CD36-, avb3-, and scavenger receptor-independent mechanism 

To clarify the mechanisms of MDM-mediated phagocytic clearance in the apoptotic and 

the non-apoptotic senescent HL60 cells, the MDMs were pretreated for one hour with blocking 
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agents, including anti-CD14, anti-CD36, and anti-αvβ3 antibodies, as well as the scavenger 

receptor inhibitor, Oxi-LDL. Cells were cultured for three days to isolate the annexin V-

positive cells from the HL60-A1 transfectants and the EGFP control. Meanwhile, the HL60-A1 

cells were cultured for five days to isolate the senescent annexin V-negative cells (The HL60-

EGFP control was intolerable for serum-withdrawal, so the senescent non-apoptotic cells was 

unable to obtain). The data revealed that these inhibiting molecules significantly attenuated the 

phagocytic index in the annexin V-positive cells of HL60-A1 transfectants (Fig. 8A) and 

EGFP-control cells, both to a similar degree (data not shown), while no significant blocking 

effect existed for the senescent, annexin V-negative cells (Fig. 8B). The results presented 

herein thus suggest that the phagocytic clearance of the senescent non–apoptotic HL60-A1 

transfectants was mediated by a different mechanism from that for apoptotic cells. 

 



 15

Discussion 

The experiments conducted herein demonstrated that senescent HL60-A1 transfectants 

was able to be recognized and phagocytosed through an apoptosis-independent mechanism.  

Lagasse’s study revealed significantly enhanced survival of the Bcl-2 transgenic 

neutrophils, making it likely that neutrophils homeostasis would also be influenced. However, 

flow cytometry analysis demonstrated that the proportion of neutrophils in the blood did not 

differ significantly between the transgenic and control mice [13]. Nor did significant 

differences exist in the total number of neutrophils or the proportion of myeloid cells in the 

bone marrow and spleen. Consequently, constitutive expression of Bcl-2 during myeloid cell 

maturation did not cause cell accumulation [13], suggesting that a mechanism of phagocytic 

clearance independent of apoptosis may operate for the homeostasis of blood cells [13]. As an 

anti-apoptotic Bcl-2 homologue, A1 is important in regulating the hematopoiesis of lymphoid 

and myeloid lineages, as well as in embryonic development [22, 23]. A1 is induced during the 

neutrophilic differentiation driven by G-CSF and GM-CSF in murine bone marrow cell lineage. 

[22]. Studies have implied that A1 may have important role in modulating cell proliferation, 

transformation and inflammatory responses [17, 18]. Furthermore, the cytoprotective effect of 

A1 may provide enhanced survival capacity to neutrophils in inflammatory situations [5].  This 

study found the EGFP control and A1-expressing HL-60 cells did not differ in the phagocytic 

index of apoptotic cells. However, although freshly isolated, non-apoptotic HL60 cells were 

recognized and phagocytosed by the macrophages in a small degree, the senescent, non-

apoptotic HL60-A1 tansfectants triggerred by serum deprivation were vigorously 

phagocytosed. Furthermore, the baseline degree of phagocytic recognition of non-apoptotic 

A1-transfected cells also exceeded that of the control cells. The results of this study thus 

confirmed that, independently of apoptosis, senescent non-apoptotic cells may exhibit cell 
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surface changes that allow them to be recognized and engulfed by macrophages and is, 

possibly, associated with the function of Bcl-2 homologue, A1. 

To date, several different mechanisms have been described for recognizing apoptotic 

cells. Recognition of apoptotic cells is mediated by various receptors, including lectins, CD14, 

scavenger receptor A (SR-A), and CD36, in conjunction with the vitronectin receptor (αvβ3) 

[24-31].   Ligands on the apoptotic cell that are recognized by these receptors include sugars, 

phosphatidylserine (PS), and surface-bound thrombospondin (TSP) [32, 33]. Both N-acetyl 

glucosamine or N-acetyl galgactosamine can inhibit the uptake of apoptptic murine 

thymocytes, sugesting a lectin-type interaction [34, 35]. Apoptotic human neutrophils were 

phagocytosed by blood- or bone marrow-macrophages using thrombospodin-1 (TSP-1) 

bridging between a charge-sensitive moiety on the apoptotic cell and a complex formed by the 

intergrin αvβ3 (the fibronectin receptor) and CD36 on the macrophages [36-41] . Meanwhile, 

phosphatidylserine (PS) externalized on apoptotic neutrophils was recognized by a still 

uncharacterized receptor on certain murine macrophages from peritoneal exudates, whereas 

blood-derived and bone marrow-derived macrophages utilized TSP/αVβ3/CD36 to recognize 

apoptotic cells [26, 42-44]. Human fibroblasts were demonstrated to bind apoptotic neutrophils 

partially by a mechanism inhibited by mannose or fucose, suggesting a mannose/fucose-

specific lectin on the fibroblast [31, 45]. A macrophage receptor identified by the 61D3 mAb is 

involved in the recognition of apoptotic neutrophils [46, 47]. The class A macrophage 

scavenger receptor was involved in the phagocytosis of apoptotic thymocytes [20, 48-50]. 

Apoptotic endothelial cells (EC) are recognized by mononucleatr phagocytes through a novel 

β1 integrin-dependent mechanism [5, 51] Additionally, the unexpected finding that Bcl-2 over-

expression reduced cell apoptosis but did not block the recognition of of cells by  macrophages 

[13] suggests that recognition may result from changes produced by senescence only. Although 

investigations have demonstrated that aging of cell membrane molecules could lead to the 
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emergence of an aging antigen and the removal of senescent cells [52-54], the mechanism by 

which the senescent non-apoptotic cells are recognized remains poorly understood [11, 55]. 

Our data showed that blocking recognition molecules on MDM, including CD14, CD36, 

vibronectin and scavanger receptors, could attenuate the phagocytic clearance of apoptotic 

HL60 cells but not of the senescent non-apoptotic HL60 A1 transfectants, further confirming 

that an apoptosis-independent recognition mechanism exists in the senescent cell clearance. 

With the findings that a variety of mediators in an inflammatory environment were able to 

prolong the neutrophil survival [5] and that the apoptosing neutrophils were still releasing 

active mediators and causing lung epithelial cells damage [6], our results speculated an 

apoptosis-independent phagocytic clearance mechanism to attenulate the progression of 

inflammation.     

 In conclusion, the experiments conducted in this study demonstrated that Bcl-2-related 

protein, A1 could inhibit programmed cell death of HL60 cells, but could not prevent the cells 

from being engulfed by macrophages. The recognition and ingestion of senescent, non-

apoptotic cells by macrophages is, possibly, a primary mechanism of eradicating aged cells, 

maintaining tissue homeostasis and relieving inflammation.  
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Legends 

 

Figure 1. Flow cytometry can determine the extent of phagocytosis of MDM. (A) Flow 

cytometric analysis utilizing density plots of forward scatter (FSC) versus sideward scatter 

(SSC) clearly distinguished the MDM from the HL60 cells owing to their different size and 

granularity. (B) To prevent bias resulting from the innate green fluorescence in the 

transfectants, three clones of HL60-EGFP control and HL60-A1 transfectants-S1 and #2 with 

similar fluorescent intensity at FL1 (530nm) were chosen for study (upper panel). Further 

investigaton of the fluorescent interference of EGFP at FL2 (585 nm, Protocols for detemining 

the annexin V positivity and phagocytic index, MDM PhagoIndex) revealed no significant 

scattering of green fluorescence on FL2 (middle and lower panels). (C) HL60 cells were 

heavily labeled with the red fluorescent cell linker, resuling in a two to three log increase of the 

fluorescent intensity of the cells. An arbitrary positivity cutoff value was established to include 

more than 98 % of fluorescent positive events and less than 1 % of fluorescent negative events. 

Consequently, the percentage of MDM gated from the density plots (FSC vs. SSC) containing 

red fluorescence indicated the extent of phagocytosis (phagocytic index). 

 

Figure 2. HL-60 transfectants exhibited stable EGFP-A1 fusion protein expression. The green 

fluorescence that indicated the expression of the ectopic EGFP-A1 fusion protein was detected 

in the cytoplasma of cells using confocal microscopy.  

 

Figure 3.  Overexpression of A1 protected against serum withdrawal-induced cell death. Cells 

of parental HL-60, EGFP-HL-60 control, pooled A1 and single A1 transfectants, at initial cell 

number of 1 x 106, were cultured in 2 ml of serum-free EMEM medium for 24 and 48 h. Cell 

death was assayed by total viable cell counts (A), DNA content analysis (B), and annexin V 
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binding (C). Data were expressed as the mean ± SEM of five independent experiments. 

*p<0.01compared with the parental or EGFP-transfected HL-60 cells in the same subgroup; 

#p<0.01 compared with the parental or EGFP-transfected HL-60 cells in the same subgroup.         

 

Figure 4. The phagocytic index was correlated with the degree of apoptosis in HL60-EGFP 

control but not in HL60-A1 transfectants. (A) To perform the phagocytosis assay, HL60 cells 

were co-cultured with MDM for one hour, and serum-free medium was used to trigger HL60 

apoptosis. Although the HL60-A1 transfectants had a significantly lower rate of cell death 

(upper and middle panels), their phagocytic indices were similar to those of the HL60-EGFP 

control (lower panel). (One reprsentative data from at least five experiments is shown here). A 

significant correlation existed between the degree of apoptosis (annexin V positivity) and the 

extent of phagocytic clearance of cells (phagocytic index) in the HL60-EGFP control (B), but 

not in the HL60-A1 transfectants (C and D). Spearman rank correlation was used to study the 

relavance between the degree of apoptosis and the phagocytic index. 

 

Figure 5. Following three days of serum withdrawal, annexin V-positive cells were isolated 

using annexin V-conjugated paramagnetic microbeads. A phagocytosis assay was performed 

after labeling the apoptotic cells with the red fluorescent cell linker, and revealed no significant 

difference in the phagocytic recognition of the annexin V-positive cells between the EGFP- and 

A1- transfectants. (Data shown are means ± SEM, N=6, Mann-Whitney U test). 

 

Figure 6. Serum withdrawal reduced cell growth and stopped cell proliferation.  (A) Flow 

cytometric analysis using CellQuest Software demonstrated that the S/M and S2 fractions of 

HL60A1 transfectants reduced following serum-deprivation, suggesting the cell cycle was 

suppressed under serum-withdrawal. (B) Further quantitative analysis of the cell cycle 
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progression indicated that the proliferation index significantly declined after two days of serum 

withdrawal, and the cells turned quiescent on day five of culture, suggesting the occurance of 

an aging process during the serum-withdrawal period. Data shown are means ± SEM. * p<0.05, 

N=6, compared to the index one day earlier, Mann-Whitney U test. 

 

Figure 7. HL60-A1 transfectants were cultured in serum-deprived medium for periods ranging 

from several days to one week. The annexin V-negative fraction of cells was isolated using 

annexin V-conjugated paramagnetic microbeads. Following labeling with the red fluorescent 

cell linker, cells were co-cultureed with MDM for phagocytosis assay. The phagocytic index of 

the annexin V-negative HL60-A1 transfectants was significantly higher than that of the EGFP-

control cells and increased with the number of days of culturing. Data shown are means ± 

SEM. * p<0.05, compared to HL60-EGFP control; # p<0.05, compared to the index one day 

earlier; N=6, Mann-Whitney U test.  

 

Figure 8. The mechanisms of phagocytic recognition operate differently in apoptotic and 

senescent non-apoptic HL60 cells. HL60-A1 transfectants were cutured in serum-withdrawal 

medium for three days to isolate the annexin V-positive cells and for five days to isolate the 

annexin V-negative fraction. Precubation of the MDM with agents blocking the recognition 

molecules of CD14-, CD36-, avb3-, and scavenger receptor could attenuate the extent of 

phagocytic clearance of annexin V-positive HL60-A1 transfectants (A) but not of the annexin 

V-negative cells (B). Data shown are means ± SEM. * p<0.05, compared to LDL control; # 

p<0.05, compared to the IgG control; N=6, Mann-Whitney U test. 
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