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Abstract

Primary biliary cirrhosis is characterized by chronic hepatic inflammation and immune mediated 

apoptosis of bile duct epithelial cells. Delayed macrophage phagocytosis of opsonized apoptotic 

cells, noted in other autoimmune diseases, may promote inflammation. Recent studies suggest 

serum anti-CD16 autoantibodies contribute to impaired macrophage phagocytosis by blocking 

complement receptor 3 (CR3) signaling via CD16. Therefore, serum anti-CD16 levels and the 

ability of monocyte derived macrophages from individuals with PBC to phagocytosis apoptotic 

cells were compared to controls. The mean level of anti-CD16 IgM autoantibodies (0.86±0.62 v. 

0.35±0.22, respectively, p=0.031) was increased in PBC compared to control sera, and mean PBC 

phagocytosis of opsonized apoptotic cells was significantly decreased compared to controls 

(23.9±12.2% v. 43.9±14.4%, respectively, p=0.020). However, PBC phagocytosis of opsonized 

apoptotic cells was not significantly affected by the presence or absence of autologous serum 

(20.8±13.5% v. 23.9±12.2%, respectively, p=0.560). PBC phagocytosis of opsonized apoptotic 

cells inversely correlated with CD16 (and CR3) expression levels on Day 5 after culture in the 

presence or absence of autologous serum (r=−0.546, p=0.033 and r=−0.519, p=0.042, 

respectively). Phagocytosis of non-opsonized apoptotic cells did not correlate with CD16 or CR3 

expression (p>0.050). In conclusion, PBC macrophage phagocytosis of opsonized apoptotic cells 

is impaired, irrespective of serum anti-CD16 antibody titers, and may increase hepatic 

inflammation.
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Introduction

The efficient phagocytosis of apoptotic cells by macrophages is an important regulatory 

process during inflammation [28]. *. Both macrophage dysfunction and defective 

opsonization of apoptotic cells have been observed in animal models of autoimmunity and in 

individuals with autoimmune disease [8, 25]. Individuals with inherited C1q deficiency 

frequently develop systemic lupus erythematosus [10]. The capacity of macrophages from 

individuals with systemic lupus erythematosus, who do not have C1q deficiency, to 

phagocytose apoptotic cells is decreased compared to normal control individuals [13]. 

Multiple receptors, including complement and Fc receptors for IgG, are involved in 

macrophage recognition and internalization of apoptotic cells [31]. *. Interestingly, 

increased titers of autoantibodies against Fc receptors and Fc receptor functional 

polymorphisms have been reported in autoimmune diseases [4, 18, 23]. A recent study 

indicated that antibodies against CD16, an Fc receptor for IgG, impair macrophage 

phagocytosis of complement-opsonized apoptotic cells by disrupting CR3-CD16 interaction 

[30].

Primary biliary cirrhosis (PBC) is an autoimmune disease characterized by the presence of 

anti-mitochondrial autoantibodies, high serum IgM levels, and chronic non-suppurative 

destruction of intra-hepatic biliary epithelial cells [15]. Bile duct destruction is believed due 

to biliary epithelial cell apoptosis mediated by autoreactive T cells [2, 3, 32]. *. There have 

been no reports evaluating anti-CD16 autoantibodies in PBC or PBC macrophage 

phagocytosis of apoptotic cells. However, studies in vivo showing impaired PBC 

macrophage phagocytosis of opsonized erythrocytes [14, 24] suggest PBC macrophage 

phagocytosis of apoptotic cells may also be impaired since both involve macrophage 

complement receptors. Though levels of circulating immune complexes, which may 

blockade complement and Fc receptors, were increased in PBC, the phagocytosis defect did 

not correlate with immune complex levels and clearance of micro-aggregated albumin by 

phagocytes was normal in all patients [14, 24]. *. * PBC patient monocyte derived 

macrophages demonstrated a similar phagocytosis defect in the presence of autologous 

serum [22]. To determine the possible role of serum anti-CD16 autoantibodies in impairment 

of PBC macrophage phagocytosis, the titer of anti-CD16 autoantibodies was examined in 

PBC sera and the effect of PBC sera on monocyte derived macrophage phagocytosis of 

apoptotic cells was analyzed.

Materials and Methods

Reagents.

Carboxy-fluorescein succinimidyl ester (CFSE) was obtained from Invitrogen (Eugene, OR). 

PERCP-conjugated anti-CD14, CD16, and CD11b for flow cytometry were obtained from 

BD Pharmingen (San Jose, CA) and anti-iC3b was purchased from Quidel (San Diego). 

Propidium iodide was purchased from Sigma (St. Louis, MO). FBS (lot # SF50602) was 

obtained from BioWhittaker (Walkersville, MD). All secondary antibodies and isotype 

control antibodies were purchased from Jackson ImmunoResearch (West Grove, PA). The 

ECL development kit was purchased from Pierce (Rockford, IL). All other reagents were 

purchased from Sigma or Fischer unless otherwise specified.
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ELISA.

Serum was collected from 10 individuals with PBC and 5 control individuals. Informed 

consent in writing was obtained from each participant. 96-well plates were coated with 

soluble CD16 (5 ug/ml) prior to addition of sera (1:20 dilution). IgG or IgM anti-CD16 

autoantibodies were detected as previously described [4]. An OD450nm value more than 2 

standard deviations above the mean value of the control sera was considered positive with 

regard to the presence of anti-CD16 autoantibodies. The study protocol conformed to the 

ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the 

Institutional Review Board.

Preparation of Monocyte Derived Macrophages (MDM).

Peripheral blood (20cc) was collected from twelve individuals with PBC (histological stage 

1 or 2) and age and gender matched healthy controls. Informed consent in writing was 

obtained from each participant. Mononuclear cells were isolated from peripheral blood using 

Histopaque-1077 density gradient. Monocyte enrichment was performed by negative 

selection using Dynal® Monocyte Negative Isolation Kit (Dynal, Oslo, Norway), which uses 

indirect attachment of magnetic beads to remove T cells, basophils, natural killer cells, B 

cells, and dendritic cells. The yield and initial viability of the remaining monocyte enriched 

cells was determined using a hemocytometer and trypan blue exclusion, respectively. 1.5 to 

2 million cells were typically obtained with 85+% CD14+ and >95% viable. Cells were 

cultured in 24-well plastic dishes (200,000 cells/ well) in RPMI 1640 (Invitrogen, Carlsbad, 

CA) supplemented with penicillin (50 U/ml), streptomycin (50 μg/ml), L-glutamine 

(complete RPMI), and either 10% heat-inactivated FBS (HI-FBS) or 10% autologous serum 

at 37 °C in a humidified 5% CO2 incubator. After 18 h in culture, any non-adherent cells 

were removed and discarded. On day 1 and day 4 of culture, macrophage colony stimulating 

factor (M-CSF) (10ng/ml) was added to the culture media. The study protocol conformed to 

the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by 

the Institutional Review Board.

Preparation of Apoptotic Human Salivary Gland Epithelial Cells (HSG).

The normal human salivary gland epithelial cell line (HSG) was passaged in defined media 

supplemented with 10% HI-FBS as previously described [26]. HSG loaded with the vital 

dye CFSE (5 μM for 15 min at 37 C) were irradiated with ultraviolet B light (UV-B) to 

induce apoptosis as previously described [26]. Induction of apoptosis in HSG by this method 

has previously proven to be highly reproducible. Additionally, increased salivary gland 

epithelial cell apoptosis is often noted in PBC [35]. Induction of apoptosis in HSG was 

confirmed by flow cytometry by annexin V/ propidium iodide staining.

Western Blot Analysis of Opsonization.

16 hours after irradiation, HSG were opsonized at 37°C for 1 h by incubation with 25% 

autologous or normal human serum. SDS-PAGE, transfer to nitrocellulose, and western 

blotting using anti-iC3b antibody were performed against lysates of UV-B irradiated, 

opsonized HSG [26]. Antibody binding was detected using an HRP-conjugated secondary 

antibody followed by enhanced chemiluminescence. Densitometry was used to compare 
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iC3b staining among the individual lysates while controlling for differences in protein 

loading by Ponceau staining.

Evaluation of MDM Receptor Expression Level and Viability.

CD14 expression levels of cells isolated by negative selection were measured on Day 0 to 

assess purity of monocyte preparations. Viability was measured by trypan blue exclusion on 

Day 0. Only preparations in which the percentage of CD14+ cells exceeded 85% and 

viability exceeded 90% were analyzed further. MDM cell viability prior to addition of 

apoptotic HSG was again assessed on Day 5 by flow cytometry. If the % of non-viable cells 

exceeded 15% further analysis was not performed. CD14, CD11b, and CD16 receptor levels 

on monocyte derived macrophages (MDM) were measured on Day 5 by staining with 

receptor-specific, fluorescent-conjugated mAbs prior to addition of apoptotic HSG cells. 

Isotype control antibodies were employed to detect background staining levels. The relative 

receptor expression levels were compared by flow cytometry using mean fluorescent 

intensity values obtained after adjusting for differences in background staining.

Phagocytosis Assays.

Apoptotic HSG cells were added to the wells containing MDM on Day 5 at different ratios 

for various time periods in pilot studies (not shown). In the final experiments, a 2:1 ratio and 

a 1 h co-incubation period were used since at higher ratios and longer incubation periods 

differences in phagocytosis were less pronounced. Non-phagocytosed, apoptotic HSG were 

removed by extensive washing prior to recovering adherent cells for antibody staining and 

flow cytometric analysis. The % phagocytosis was calculated as the percentage of CD14+ 

cells that were also CFSE+. Staining to identify necrotic or apoptotic MDM after addition of 

apoptotic HSG by flow cytometry was not done, but there were no changes in the forward 

and side scatter of the cell by flow cytometry suggestive of significant MDM cell death by 

necrosis or apoptosis.

Statistical Methods.

Student’s t test (two-tailed, unequal variance) was used to compare means for serum anti-

CD16 antibody O.D. value, receptor expression levels, and % phagocytosis between 

individuals with PBC and healthy controls with a p value of ≤ 0.050 considered statistically 

significant. Spearman rank correlation test was used to analyze correlations between clinical 

values, serum values and MDM % phagocytosis. An absolute r value greater than 0.500 

combined with a p value ≤ 0.050 was considered statistically significant. A negative r value 

indicates an inverse correlation.

Results

Anti-CD16 serum IgM autoantibody levels are increased among those with PBC.

Sera of five normal controls and ten individuals with non-cirrhotic PBC were screened for 

IgM and IgG class anti-CD16 autoantibodies using a previously developed ELISA [4]. There 

was no significant difference between mean normal control and PBC sera anti-CD16 IgG 

levels (p=0.206) (Table 1). In contrast, the mean anti-CD16 IgM level was significantly 

higher in PBC sera as opposed to control sera (p=0.031). Concentrations of anti-CD16 IgM 
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autoantibodies 2 fold or more higher than the control mean + 2 SD were detected in 70% of 

PBC sera. This is consistent with prior studies suggesting the IgM, not IgG, fraction of PBC 

sera possessed phagocytosis inhibitory factors [22]. Given these results, the effect of 

autologous PBC serum on monocyte derived macrophage phagocytosis of apoptotic cells 

was next examined.

Characterization of PBC cohort and monocyte derived macrophage receptor expression.

Healthy control individuals matched for age, race, and gender were studied along with 

twelve individuals with PBC to compare phagocytosis capacity (Table 2). Individuals with 

early stage, non-cirrhotic PBC were selected to preclude any effect of cirrhosis on 

phagocytosis. None had elevated bilirubin levels suggestive of significant cholestasis or 

malabsorption of fat soluble vitamins. As expected in non-cirrhotic individuals with PBC, 

the mean Mayo Risk Score, a predictor of time until transplantation, was very low. All 

individuals were asymptomatic at the time of blood donation. Significantly, the mean serum 

complement levels (C3, C3d, and C4) were normal in the PBC group, though two PBC 

subjects had C3 levels slightly above the upper limit of normal.

Rather than examining monocyte phagocytosis, monocytes cultured for 5 days in complete 

RPMI supplemented with macrophage colony stimulating factor (i.e. monocyte derived 

macrophages; MDM) were assayed since prior studies demonstrated that PBC MDM 

phagocytosis correlates with PBC Kupffer cell/macrophage phagocytosis in vivo [1, 14, 22, 

24] and minimal CD11b and CD16 expression was observed in freshly isolated monocytes. 

CD11b and CD16 receptor levels plateau after 3 days in culture (data not shown). The mean 

MDM receptor levels were slightly higher in the PBC group than in the control group; 

though, the difference was not statistically significant (all p>0.100) (Table 3). Additionally, 

culture in HI-FBS versus autologous serum did not significantly affect mean receptor levels 

on either control or PBC MDM (Table 3) (all p>0.100). Mean serum M-CSF levels were not 

significantly different between PBC (761±179 pg/ml) and control (673±178 pg/ml) 

individuals (p=0.382). Thus, supplementation in vitro with exogenous M-CSF did not mask 

any serum effect due to different macrophage colony stimulating factor levels.

PBC MDM phagocytosis of opsonized apoptotic cells is impaired, but not dependent upon 
autologous serum.

Apoptosis of the target cells was confirmed morphologically (Fig. 1A) and by annexin V and 

propidium iodide co-staining (Fig. 1B). A time course study was performed to determine the 

optimal time point to collect apoptotic target cells without evidence of secondary necrosis. 

Cell membrane blebbing and apoptotic body formation in more than half of the cells were 

evident 18h after UV-B irradiation (Fig. 1A, right panel). Annexin V staining detects 

phosphatydylserine and propidium iodide (PI) staining determines cell permeability. 

Apoptotic cells are annexin V+/PI−, while necrotic cells are annexin V+/PI+. At 18h after 

UV-B irradiation, annexin V+/PI− cells typically increased from <5% (Fig. 1B, left panel) to 

>50% (Fig. 1B, right panel) of target cells with few necrotic cells (V+/PI+) present.

Western blot analysis of iC3b binding was performed to determine the concentration of 

serum needed to efficiently opsonize the apoptotic cells (Fig. 1C). By densitometry, 
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opsonization by iC3b was statistically significantly increased (p<0.050) using 25% normal 

human serum (90±3.5 units, lane 4) compared to no serum (33.8±5.9 units, lane 1) or 10% 

HI-FBS (42±2.5 units, lane 2). Using 50% normal human serum (92±6.5 units, lane 5) did 

not further significantly increase opsonization compared to 25% serum. In phagocytosis 

assays, phagocytosis of apoptotic cells incubated in 10% HI-FBS (non-op) were compared 

to those incubated in 25% normal human serum (norm-op) or 25% autologous serum (auto-

op).

Phagocytosis of opsonized, apoptotic target cells (CFSE+) by control versus PBC CD14+ 

MDM was compared by flow cytometry (e.g. Fig. 1D, left and right panels, respectively). 

The percentage of CD14+ cells that were also CFSE+ (i.e. % phagocytosis) was calculated 

for MDM cultured in HI-FBS or autologous serum and then exposed to either non-opsonized 

or opsonized apoptotic cells (Fig. 1E). Mean PBC MDM % phagocytosis (Fig. 1E, black 

bars) of apoptotic cells was consistently decreased compared to controls (Fig. 1E, white 

bars), though the decrease was only statistically significant for cells cultured in HI-FBS and 

exposed to opsonized apoptotic cells (Fig. 1E, HI-FBS/norm-op and HI-FBS/auto-op). 

Unexpectedly, mean PBC MDM % phagocytosis was not inhibited by culture in autologous 

serum compared to HI-FBS (20.8±13.5% v. 23.9±12.2%, respectively, p=0.560). Two 

individuals with previously demonstrated high serum titers of anti-CD16 IgM autoantibody 

titers did have a large decrease in % phagocytosis in the presence of autologous serum. 

However, serum anti-CD16 IgM autoantibody titers did not statistically significantly 

correlate with % phagocytosis (r=−0.400, p=0.390). As suspected PBC macrophages had 

impaired phagocytosis of opsonized apoptotic cells, but impairment was not dependent upon 

incubation with autologous serum.

To determine the importance of apoptotic cell opsonization in the observed impaired 

phagocytosis, non-opsonized apoptotic cells were added to MDM cultured in HI-FBS. A 

trend towards decreased phagocytosis by control MDM was noted when non-opsonized 

apoptotic cells were substituted for opsonized apoptotic cells (34.8±14.5% v. 43.9±14.3%, 

respectively, p=0.298) In contrast, lack of opsonization of apoptotic cells did not decrease 

PBC MDM phagocytosis (25.6±10.6% v. 23.9±12.2%, respectively, p=0.719). PBC MDM 

phagocytosis of non-opsonized apoptotic cells was lower than control MDM, but the 

difference was not statistically significant (p=0.210). Defective PBC MDM phagocytosis 

was only statistically significant for phagocytosis of opsonized apoptotic cells.

Opsonization of apoptotic cells with iC3b using PBC sera is normal.

Impaired opsonization of apoptotic cells may also contribute to impaired macrophage 

phagocytosis of apoptotic cells in vivo. Opsonization of yeast, though not E. coli, by PBC 

serum has been reported to be abnormal in 23% of individuals with PBC [37]. However, 

using autologous serum as opposed to normal human serum did not affect mean % 

phagocytosis by control MDM (41.1±17.6% v. 43.9±14.3%, p=0.77, respectively) or PBC 

MDM (23.0±8.5% v. 23.9±12.1%, p=0.82, respectively) (Fig. 1E). Opsonization of 

apoptotic cells with iC3b appeared equivalent by western blot analysis after incubation of 

apoptotic cells with either PBC or control serum (Fig. 2A). By densitometry, the mean 

intensity of the iC3b bands was not statistically significantly different between cells 
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opsonized with PBC or control serum (Fig. 2B). Taken together, these results suggest an 

intrinsic PBC MDM defect, not serum anti-CD16 autoantibodies or aberrant complement 

activation, may be primarily responsible for the observed impairment in phagocytosis of 

apoptotic cells.

PBC MDM receptor levels and serum bilirubin inversely correlated with phagocytosis of 
opsonized apoptotic cells.

The mean fluorescent intensities of CD14, CD16, and CD11b staining of Day 5 PBC MDM 

were measured using specific mAb and examined for correlations with % phagocytosis of 

apoptotic HSG cells (Table 4). Regardless of culture in HI-FBS or autologous serum, PBC 

MDM CD16 staining on Day 5 statistically significantly correlated inversely with 

phagocytosis of apoptotic cells opsonized with normal human serum (r=−0.519, p=0.042 

and r=−0.547, p=0.033, respectively). PBC MDM CD11b staining also correlated inversely 
with phagocytosis of opsonized apoptotic cells (r=−0.541, p=0.035; r=−0.512, p=0.044, 

respectively). Levels of CD11b and CD16 staining positively correlated with each other, not 

CD14 staining, on MDM cultured in autologous serum (r=0.576, p=0.025). These findings 

may reflect coordinated interaction between CD16 and CR3 (CD11b) during phagocytosis 

of apoptotic cells. In contrast, CD14 staining significantly correlated inversely with 

phagocytosis of non-opsonized apoptotic cells (r=−0.547, p=0.033) and autologous serum 

opsonized cells (r=−0.578, p=0.026).

With respect to phagocytosis of opsonized apoptotic cells and laboratory values, the only 

other statistically significant correlation was an inverse relationship with serum total 

bilirubin values (r=−0.509, p=0.046), which were all well within the normal range (0.2 to 

1.3 mg/dl). Serum total bilirubin levels also correlated with PBC MDM CD11b (r=0.513, 

p=0.044) and CD16 (r=0.555, p=0.030) expression levels after culture in HI-FBS. MRS and 

age did not correlate with PBC MDM phagocytosis or CD16 and CD11b receptor levels (all 

p>0.050), suggesting disease severity is not responsible for the above correlations with total 

bilirubin levels. The serum laboratory value that correlated statistically significantly with 

PBC MDM phagocytosis of non-opsonized apoptotic cells was the total/HDL cholesterol 

ratio (r=0.571, p=0.026). The correlation between the total/HDL cholesterol ratio and PBC 

MDM phagocytosis of autologous serum opsonized apoptotic cells was narrowly statistically 

non-significant (0.472, p=0.061). PBC serum lipid concentrations may influence 

macrophage phagocytosis of apoptotic cells.

Lastly, vitamin D3 regulates macrophage phagocytosis and immune system function [34]. 

Seven of twelve individuals with PBC had borderline low serum 25-hydroxyvitamin D3 

levels between 20 and 30 ng/ml despite taking 400 IU of cholecalciferol daily. However, 

serum 25-hydroxyvitamin D3 concentrations did not correlate with MDM phagocytosis of 

apoptotic cells (all p>0.050). Serum 25-hydroxyvitamin D3 levels did strongly correlate 

inversely with serum alkaline phosphatase (r=−0.712, p=0.005), IgM (r=−0.565, p=0.028), 

and C3 (r=−0.782, p=0.001) levels. Thus, a low serum vitamin D3 concentration in PBC 

correlated with increased concentrations of these markers of hepatic inflammation even in 

those with early PBC.
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Discussion

This study demonstrates that serum titers of anti-CD16 IgM autoantibodies are increased 

and macrophage phagocytosis of opsonized apoptotic cells is decreased in PBC. The 

phagocytosis dysfunction is consistent with prior studies demonstrating impaired PBC 

patient clearance of opsonized aged, erythrocytes in vivo and in vitro *[1, 14, 20, 22, 24]. As 

in those studies, macrophage dysfunction was present in those with early stage disease *, 

suggesting these findings are not secondary to cirrhosis *. Impaired macrophage 

phagocytosis of apoptotic cells appears to be a common feature of individuals with PBC and 

may enhance pro-inflammatory responses within the liver.

The cause of this impairment in macrophage phagocytosis of apoptotic cells in PBC is not 

certain. There were no differences in cell viability between PBC samples either at Day 0 or 

Day 5 to suggest that autophagy [19] resulted in pre-activation of MDM from certain 

individuals. In a few cases the presence of autologous serum, with high titers of anti-CD16 

IgM autoantibodies, strongly inhibited phagocytosis. This may have been due to high titers 

of anti-CD16 IgM autoantibodies and not non-specific immune complex blockade of CD16 

since serum complement levels were not reduced. However, impaired PBC MDM 

phagocytosis of apoptotic cells was serum-independent in most cases, though one cannot 

rule out a persistent effect of autologous serum factors even after prolonged culture in the 

absence of autologous serum. The serum-independent nature of the defect in most cases 

favors the presence of an intrinsic functional defect in phagocytosis by PBC macrophages of 

apoptotic cells. *.

Macrophage phagocytosis of apoptotic cells is a complex process which may be impaired 

due to a variety of intrinsic defects [29, 31]. These intrinsic defects can be subdivided 

between defects in apoptotic cell recognition and defects in internalization of bound 

apoptotic cells. In our study, the inverse correlation between PBC MDM % phagocytosis and 

PBC MDM CD16 (and CR3) levels prior to addition of apoptotic cells suggests the 

increased presence of an autoimmunity-related CD16 polymorphism amongst those with 

PBC. The prevalence of the V158 allele of the Fc gamma receptor IIIA gene, which encodes 

CD16 on macrophages and NK cells, is increased in other autoimmune diseases [7]. This 

CD16 polymorphism is associated with higher macrophage CD16 expression, lower affinity 

binding and impaired macrophage clearance of opsonized target cells [12, 17]. Interestingly 

this CD16 polymorphism is also associated with a reduced risk of coronary artery disease 

[9]. Macrophage internalization of apoptotic cells is most strongly triggered by CD16 and 

CR3, which act cooperatively to mediate internalization [27, 31]. Thus, the observed 

correlation between high CD16 expression levels and poor PBC macrophage phagocytosis 

of apoptotic cells may be due to an increased frequency of the Fc gamma RIIIA-V158 

polymorphism among those with PBC.

Genetic polymorphisms not directly related to recognition of opsonized apoptotic cells may 

also affect PBC macrophage phagocytosis. *. For example, the vitamin D receptor BsmI 

polymorphism that is more frequent in PBC [6, 36] is known to impair macrophage 

phagocytosis [33]. Whether this impairment includes phagocytosis of iC3b opsonized targets 

is unknown. The positive correlation between serum total cholesterol/HDL cholesterol ratio 
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and macrophage phagocytosis of apoptotic cells is intriguing since * PBC carriers of the 

epsilon4 Apo E allele have increased total cholesterol/HDL cholesterol ratios and more 

severe disease sooner after diagnosis [5]. The functional effect of the epsilon4 Apo E allele 

on macrophage phagocytosis of apoptotic cells is unknown, but Apo E−/− mice have 

decreased macrophage phagocytosis of apoptotic cells and a systemic pro-inflammatory 

state [11]. Other genetic polymorphisms associated PBC involving toll-like receptor 9 and 

mannose binding lectin may also directly or indirectly affect macrophage phagocytosis of 

apoptotic cells [16, 21].

In conclusion, macrophage phagocytosis of apoptotic cells is significantly impaired in PBC. 

Though anti-CD16 autoantibodies were present at significantly higher levels in PBC sera, 

autologous sera did not affect PBC macrophage phagocytosis of apoptotic cells in most 

individuals. Regardless of the presence or absence of autologous serum, PBC macrophage 

CD16 expression levels correlated inversely with phagocytosis efficiency. In other 

autoimmune diseases, CD16 genetic polymorphisms as well as polymorphisms in other 

genes associated with decreased macrophage phagocytosis are increased in frequency. 

Further studies are needed to examine the prevalence of these polymorphisms in those with 

PBC.
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PBC primary biliary cirrhosis

HSG human salivary gland epithelial cells

UV-B ultraviolet B light
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MDM monocyte derived macrophage
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NHS normal human serum
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PI propidium iodide
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Fig. 1. 
Monocyte derived macrophage (MDM) phagocytosis of apoptotic HSG under different 

conditions. (A & B) Evaluation of target cell apoptosis. Microscopic assessment of apoptosis 

of target cells before (A, left panel) and 18h after (A, right panel) UV-B irradiation. A 

typical apoptotic cell with membrane blebbing (5-pointed star) and an apoptotic body (4-

pointed star) are denoted in the right panel (20× objective). Flow cytometric assessment of 

external phosphatydylserine staining of non-permeabilized target cells by PE-conjugated 

Annexin V before (B, left panel) and 18h after (B, right panel) irradiation of target cells with 

UV-B light. Apoptosis induction was confirmed by detection of an increased percentage of 

annexin V+/PI− (apoptotic) target cells after UV-B irradiation. This analysis was repeated 

prior to each phagocytosis experiment. Representative images are shown. (C) Evaluation of 

opsonization efficiency. Immunoblot detection of iC3b attachment to UV-B irradiated target 

cells after incubation with varying concentrations of normal human serum (NHS) and HI-

FBS for 1h at 37C. Student’s t test was used to compare iC3b bands by densitometry. P 

values ≤ 0.050 were considered significant. No significant increase in iC3b attachment was 

noted after incubation with 10% HI-FBS (lane 2) compared to no serum (lane 1). Incubation 

in 25% normal human serum significantly increased iC3b attachment to UV-B irradiated 

HSG (lane 4). The experiment was repeated three times and a representative image is shown. 

(D) Two-color flow cytometry was used to evaluate phagocytosis by MDM (CD14+) of 

apoptotic HSG cells (CFSE+). Dual stained cells (upper right quadrant) indicate MDM that 
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have phagocytosed an apoptotic cell. MDM that have not phagocytosed an apoptotic cell are 

represented in the upper left quadrant. Non-apoptotic HSG and non-phagocytosed apoptotic 

HSG are depicted in the lower right quadrant. Representative control (left panel) and PBC 

(right panel) flow cytometry images are shown. (E) Mean % phagocytosis ± std. dev. of 

apoptotic cells by control (white) and PBC (black) MDM after culture in media 

supplemented with HI-FBS or autologous serum (Auto). Apoptotic target cells were 

opsonized with normal serum (norm-op), no serum (non-op), or autologous serum (auto-op) 

prior to culture with monocyte derived macrophages. Control MDM % phagocytosis was 

significantly greater than PBC MDM % phagocytosis with respect to phagocytosis of 

opsonized apoptotic cells after MDM culture in HI-FBS. The presence of autologous serum 

did not significantly alter PBC MDM phagocytosis. A * indicates a statistically significant 

difference by student’s t test (p ≤ 0.050). Duplicate wells were used for each condition.
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Fig. 2. 
Immunoblot detection of iC3b attachment. Apoptotic HSG cells were incubated with media 

supplemented with 25% human serum (HS) from individuals with PBC or controls for 1h at 

37C. After washing, cells were lysed and immunoblotted with anti-iC3b antibody followed 

by ECL development. (A) A representative immunoblot image is shown. (B) The mean 

densitometry of the iC3b bands demonstrated no statistically significant difference between 

iC3b attachment to apoptotic cells following incubation with PBC or control (Con) serum (p 

> 0.050). Student’s t test was used for the comparison.
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Table 1

Comparison of anti-CD16 Autoantibody Levels in Normal and PBC Sera.

Antibody Class Normal (N=5) PBC (N=10) p value

IgG (OD450nm) 0.246±0.050 0.332±0.146 0.206

IgM (OD450nm) 0.349±0.224 0.859±0.617 0.031

Values shown are means ± std. dev. in arbitrary units. Student’s t test was used to calculate p values. P values ≤0.050 were considered statistically 
significant.
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Table 2

Demographic and Clinical Data on Control and PBC Individuals for Phagocytosis Assays.

Controls (N=6) PBC (N=12)

Age (y) 50.1±8.1 56.3±8.4

Gender (F:M) 5:1 11:1

Alkaline phosphatase (U/L) NA 180±87

Total bilirubin (mg/dl) NA 0.59±0.20

Mayo Risk Score NA 4.21±0.25

Mean values ± std. dev. are shown. No statistically significant differences were noted using student’s t test (all p>0.050). NA=not applicable.
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Table 3

Comparison of receptor expression levels of cultured monocyte-derived macrophages on Day 5.

Mean Fluorescence Intensity

Heat-inactivated FBS Autologous serum

CD14 CD11b CD16 CD14 CD11b CD16

Control 39.7±16.7 14.8±2.9 23.3±4.2 37.8±9.2 17.2±4.1 25.5±3.4

PBC 47.8±21.9 17.7±4.9 24.1±6.8 48.3±28.0 18.7±7.0 27.3±10.5

p value 0.401 0.142 0.779 0.261 0.575 0.608

Mean fluorescence intensity levels ± std. dev. determined by flow cytometry are provided in arbitrary units. P values shown are for comparison of 
control and PBC monocyte-derived macrophages (MDM) on Day 5 of culture. Values were compared using student’s t test with p ≤ 0.050 
considered statistically significant. P values for comparison of each MDM receptor cultured in heat-inactivated FBS versus autologous serum were 
all >0.050.
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Table 4

PBC Monocyte Derived Macrophage (MDM) Receptor and Serum Biochemical Levels Correlate with 

Phagocytose of Apoptotic Cells.

% Phagocytosis CD11b CD16 CD14 T bili Chol ratio

HI-FBS r value −0.541 −0.519 0.000 −0.509 0.102

norm-op p value 0.035 0.042 1.000 0.046 0.376

Auto r value −0.512 −0.547 −0.332 −0.306 0.109

norm-op p value 0.044 0.033 0.146 0.167 0.668

HI-FBS r value 0.318 −0.133 −0.547 −0.224 0.571

non-op p value 0.157 0.340 0.033 0.242 0.026

HI-FBS r value −0.014 −0.297 −0.578 −0.250 0.472

auto-op p value 0.883 0.174 0.025 0.217 0.061

Spearman analysis was used to assess correlations between MDM phagocytosis and MDM receptor expression levels as well as serum biochemical 
values. An r value ≥/0.500/ was considered a strong correlation and statistically significant if the p value was ≤ 0.050. A (−) sign indicates an 

inverse correlation. % phagocytosis refers to the percentage of CD14+ MDM that phagocytosed an apoptotic cell under the indicated conditions. 
Cells were cultured in media supplemented with HI-FBS or autologous serum (Auto) and then exposed to apoptotic cells opsonized with normal 
human serum (norm-op), autologous serum (auto-op), or HI-FBS (non-op). T bill is total serum bilirubin and ratio is serum total cholesterol divided 
by HDL cholesterol levels.
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