
HMG-CoA reductase inhibitors enhance phagocytosis by
upregulating ATP-binding cassette transporter A7

Nobukiyo Tanakaa,b, Sumiko Abe-Dohmaea,*, Noriyuki Iwamotoa, Michael L. Fitzgeraldc,
and Shinji Yokoyamaa,*

aBiochemistry, Nagoya City University Graduate School of Medical Sciences, Nagoya 467-8601,
Japan
bDepartment of Cardiovascular Medicine, Ichinomiya Nishi Hospital, Ichinomiya, 494-0001 Japan
cLipid Metabolism Unit and Partners Center for Computational and Integrative Biology,
Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts 02114,
USA

Abstract
We recently reported that the endogenous ATP-binding cassette transporter (ABC) A7 strongly
associates with phagocytosis, being regulated by sterol regulatory element binding protein 2. We
therefore examined the effect of statins on phagocytosis in vitro and in vivo through the SREBP-
ABCA7. Phagocytosis was found to be enhanced by pravastatin, rosuvastatin and simvastatin and
cyclodextrin in J774 macrophages, as cellular cholesterol was reduced and expressions of the
cholesterol-related genes were modulated, including an increase of ABCA7 mRNA and decrease
of ABCA1 mRNA. Conversely, knock-down of ABCA7 expression by siRNA ablated
enhancement of phagocytosis by statins. In vivo, pravastatin enhanced phagocytosis in wild-type
mice, but not in ABCA7-knockout mice. We thus concluded that statins enhance phagocytosis
through the SREBP-ABCA7 pathway. These findings provide a molecular basis for enhancement
of the host-defense system by statins showing that one of their “pleiotropic” effects is in fact
achieved through their reaction to a primary target.
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1. Introduction
Statins, competitive inhibitors of 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase,
have been marketed as cholesterol lowering drugs for more than 20 years. They lower
plasma low-density lipoprotein (LDL) by up-regulation of the LDL receptor gene through
the sterol regulatory element binding protein (SREBP) system that senses cellular
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cholesterol levels [1]. The clinical trials for secondary and primary prevention of coronary
heart diseases [2, 3], established the benefits of these drugs on mortality and morbidity.
While many other studies have also provided evidence for the clinical benefits of lowering
LDL by statin treatment to prevent atherosclerotic diseases, a new viewpoint of statin
treatment has been introduced by some authors, suggesting that statins have extra beneficial
effects beyond lowering LDL [4-7], which are attributed to various types of anti-
inflammatory or anti-oxidative effects through regulation of proinflammatory mediators [8,
9]. These effects may be interpreted as the consequence of inhibition of the reactions in the
mevalonate cascade, such as isoprenylation of the membrane proteins including Ras [10].
Involvement of Rho GTPases has been proposed for enhancement of phagocytosis by statins
[11]. The molecular pharmacological grounds for these effects remain quite ambiguous.

Phagocytosis is one of the fundamental functions of animal cells and is an important
responsive reaction to infection, injury and apoptosis. Some ATP-binding cassette
transporter (ABC) proteins have been reported to affect the phagocytic function of cells
[12-17]. ABCA7, a membrane protein and highly homologous to ABCA1 [18] that mediates
biogenesis of high-density lipoprotein (HDL) [19-21], plays no significant role in the
generation of HDL [16, 22, 23] and is actively associated with phagocytosis [16, 17].
Interestingly, the ABCA7 gene is regulated by sterol regulatory element binding protein 2
[16] in the opposite direction to the liver X receptor-mediated regulation of ABCA1 with
respect to cellular cholesterol [24-26]. We recently demonstrated that helical apolipoproteins
of HDL enhanced phagocytosis by inhibiting degradation of ABCA7 [27]. These findings
shed light on the question of the relationship between sterol homeostasis and the host
defense system. Here, we examine the effect of statins on phagocytosis in vitro and in vivo
based on the hypothesis that statin treatment enhances the SREBP-ABCA7 pathway.

2. Methods
2.1. Reagents and antibodies

Pravastatin and rosuvastatin were provided by Daiichi-Sankyo and AstraZeneca,
respectively. Simvastatin was purchased from Sigma (S6196) and activated as previously
described [28]. Cytochalasin D was purchased from Merck (250255). 2-Hydroxypropyl)-β-
cyclodextrin and anti β-actin antibody were purchased from Sigma (C0926 and A5441,
respectively). Monoclonal antibodies against mouse ABCA1 (MABI98-4) and ABCA7
(MABI97-17) were generated at the MAB Institute (Yokohama, Japan) as described
previously[16, 29]. Apolipoprotein A-I (apoA-I) was isolated from human plasma HDL
[30].

2.2 Animals and Cells
ABCA7-knockout mice were generated and backcrossed to a C57BL/6 background [22] and
bred on the same background [27]. Mouse resident peritoneal macrophages were obtained as
described previously [27]. The animal experimental protocols were approved by the
institutional animal welfare committee. J774 cells and Jurkat cells were obtained from the
Riken Cell Bank and cultured in 10% fetal calf serum (FCS)/Roswell Park Memorial
Institute (RPMI) 1640 medium. Cells were maintained at 37 °C in humidified atmosphere of
5% CO2.

2.3. RNA interference
SiRNAs (Stealth Select RNAi) for ABCA1 and ABCA7 were purchased from Invitrogen.
They were transfected by nucleofection (Nucleofector Kit V for J774; AMAXA
biosystems). Two different siRNAs were tested and yielded similar results. The data
presented represent composite results.
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2. 3. Lipid assay
J744 cells were subcultured in a 6-well tray in 10% FCS/RPMI1640 medium for 1 day. The
cells were washed with phosphate buffered saline (PBS) and incubated overnight in 1 ml/
well of RPMI1640 medium in the presence of either 50 μM pravastatin, 5 μM rosuvastatin
or 5 mM cyclodextrin. The doses were found by monitoring increase of ABCA7 expression
described below. Cellular lipid was determined by colorimetric enzymatic assay [31].
Cellular protein was dissolved in radioimmunoprecipitation assay (RIPA) buffer, and
determined with the BCA Protein Assay Kit (Pierce).

2.4. Quantitative analysis of mRNA
Total RNA was isolated by ISOGEN (Wako) and reverse-transcribed by SuperScript III
(Invitrogen) with oligo dT primers. Quantitative expression analysis by real-time reverse
transcription polymerase chain reaction (PCR) was performed in a StepOnePlus Real-Time
PCR system (Applied Biosystems) using SYBR Green technology. The following PCR
primers were used for amplification of mouse RNAs: ABCA7, 5′-GCC AGT ATG GAA
TCC CTG AA-3′ (forward) and 5′-ATG GAG ACA CCA GGA ACC AG-3′ (reverse);
ABCA1, 5′-AAG GGG TGG TGT TCT TCC TC-3′ (forward) and 5′-CCT CAC ATC CTC
ATC CTC GT-3′ (reverse); LXRα, 5′-GAA ACT GAA GCG GCA AGA AGA-3′ (forward)
and 5′-AAG TCC TTG AGG AAG GTG ATG C-3′ (reverse); SREBP1, 5′-AAC CAG AAG
CTC AAG CAG GA-3′ (forward) and 5′-TCA TGC CCT CCA TAG ACA CA-3′(reverse);
SREBP2, 5′-GTG GAG CAG TCT CAA CGT CA-3′(forward) and 5′- TGG TAG GTC
TCA CCC AGG AG-3′ (reverse); LDL receptor, 5′-TCC AAT CAA TTC AGC TGT GG-3′
(forward) and 5′-GAG CCA TCT AGG CAA TCT CG-3′ (reverse); β- actin, 5′- CTG TAT
TCC CCT CCA TCG TG-3′ (forward) and 5′-AGG TGT GGT GCC AGA TCT TC-3′
(reverse).

2.5. Quantitative phagocytosis assay
We used fluorescent polystyrene microspheres, 1 μm diameter, having carboxylate groups
on the surface (15702, Polysciences) that could be activated for the covalent coupling of
proteins to quantify in vitro phagocytosis [27]. Alternatively, Staphylococcus aureus (S.
aureus), Escherichia coli (E. coli), and zymosan A conjugate of Alexa Flour 488 (S23371,
E13231, Z23373, Invitrogen, respectively) were used as fluorescent phagocytosis probes
[27] and Jurkat cells with apoptosis induced by ultraviolet light were used as physiological
phagocytosis probes. Polystyrene bead uptake was estimated in the presence and absence of
50 μM pravastatin or 5 μM rosuvastatin as described in our previous paper [27]. Validity of
the method was confirmed by inhibition of the phagocytic reaction by cytochalasin D, a
known phagocytosis inhibitor [27]. For S. aureus, E. coli, and zymosan A uptake, J744 cells
were cultured in a 24-well tray as above and incubated with 6 or 12 × 106 /well of S. aureus,
6 × 106 /well of E. coli, 2 × 106 /well of zymosan for 1 h. Cells were washed thoroughly and
carefully with PBS twice, and treated with 200 μl of 1 mg/ml lysozyme for 25 min at 37°C.
After washing cells, fluorescence intensity was measured in a plate reader FL600, BioTek
Inc. For the apoptotic cell uptake assay, J774 cells and Jurkat cells were stained with
CellTracker (Invitrigen, C7025 and C34552, respectively). Apoptosis was induced in Jurkat
cells by 15 minutes of exposure to ultraviolet light [32]. J744 cells were cultured in a 24-
well tray as above and incubated with the 2.5 × 106 /well of the apoptosis -induced Jurkat
cells for 1 h. Cells were washed with PBS three times, and fixed with 4% paraformaldehyde.
Photographs were taken at 2 positions in each well at 40-fold magnification in a
fluorescence microscope BZ-800 (Keyence) with a Plan Fluor ELWD 20x lens (Nikon).
Total J774 cells and those that engulfed Jurkat cells were counted in the fields, respectively,
and the ratio of the cells engulfing Jurkat was calculated as an “uptake” index being
standardized for control cells without treatment. Confidence of this method was validated by
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the apoAI-mediated enhancement as a positive control and cytochalasin D as a negative
control [33].

2.6. In vivo phagocytosis assay
Carbon ink (Platinum Carbon Ink Black) was diluted 5-fold with PBS and injected into the
mouse peritoneal cavity at 10 μl/g body weight [27]. Pravastatin was given intraperitoneally
by mixing the carbon ink solution with 10 μM pravastatin or PBS with 1:1 volume just
before injection, or subcutaneously by injecting 10 μM pravastatin at 5 μl/g body weight in
the abdominal area. After overnight starvation of mice, peritoneal macrophages were
recovered. Over 100 cells of each sample were counted and the phagocytosis index was
calculated as the relative number of cells that engulfed carbon ink particles per total cells
standardized for the wild type mice without treatment.

2.7. Other methods
Samples for polyacrylamide gel electrophoresis were treated with RIPA buffer containing
protease inhibitor cocktail (Sigma P2714) unless described otherwise. Western blotting was
performed as described previously [27] by using loading controls of β-actin as a
housekeeping cellular protein. The bands were digitally scanned by an LAS- 3000min (Fuji
Film) and analyzed by software, Multi Gauge v.3.0 (Fuji Film). Data were statistically
analyzed by t-test or one-way ANOVA with Tukey’s test. P < 0.05 was accepted as
statistically significant.

3. Results
3.1. Cell cholesterol and phagocytosis

Influence of cholesterol metabolism on phagocytotic uptake was assessed in J774
macrophages by measuring the effect that statin treatment has on the ability of these cells to
take up fluorescent microsphere beads. Pravastatin and rosuvastatin significantly enhanced
the uptake and these effects were blocked by cytochalasin D, an inhibitor of phagocytosis
(Figures 1A). Likewise, statins significantly stimulated phagocytotic uptake of S. aureus, as
did depleting cellular cholesterol by treating the cells with cyclodextrin (Figure 1B).
Moreover, apoA-I significantly enhanced the phagocytosis as previously reported [27] and
this was further increased by pravastatin, effects that were canceled by re-supplying
cholesterol to the cells (Figure 1C). Finally, the enhancement of phagocytosis by statins was
reproduced in peritoneal macrophages prepared from wild-type mice (Figure 1D).

3.2. Expression of ABCA7
Expression of ABCA7 was down-regulated by specific siRNA in J774 as we previously
reported [16, 27] and described in the Methods section. Treatment of the J774 cells with
pravastatin, rosuvastatin and cyclodextrin all significantly reduced cell cholesterol, as
expected (Figure 2A). A decrease of cell cholesterol was reflected in changes of expression
of the genes related to sterol homeostasis shown in Figures 2B, 2C and 2D. As we
previously demonstrated [16], expression of the ABCA1 gene was decreased while ABCA7
gene expression was increased, being consistent with the enhancement of phagocytosis by
statins and cyclodextrin. Expression of ABCA7 protein was shown increased in these
conditions while ABCA1 protein decreased (Figures 2EFG).

3.3. Phagocytosis and ABCA7
The enhancement of phagocytosis of fluorescent microspheres by pravastatin and
rosuvastatin was ablated by knockdown of the ABCA7 gene expression (Figure 3A). The
enhancement of phagocytosis of S.aureus by pravastatin, rosuvastatin, simvastatin and
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cyclodextrin was ablated or rather attenuated in the cells with knockdown of ABCA7
(Figures 3BCDE). Similar results were demonstrated for the uptake of E.coli and zymosan
in the presence of pravastatin (Figure 4). Finally, we examined phagocytosis in Jurkat cells
with apoptosis induced by ultraviolet light, a physiological model target of apoptotic cells,
(Figure 5). Statins and cyclodextrin were shown to enhance phagocytosis of this model
target through ABCA7.

3.4. Effect of statins in vivo
The in vivo role of ABCA7 in the effect of pravastatin on phagocytosis was examined by
measuring phagocytic activity of macrophages in the mouse peritoneal cavity. Carbon
microparticles were injected into the peritoneal cavity of wild type and ABCA7-knockout
mice, with and without pravastatin, given intraperitoneally (Figures 6AB) or subcutaneously
(Figures 6CD), and the uptake of the particles was determined microscopically as described
in the Methods section. No apparent effect of pravastatin was observed on plasma
cholesterol levels, 73.9 ± 9.9 vs. 59.0 ± 15.9 mg/dL for the intraperitoneal dose and 76.1 ±
13.1 vs. 79.0 ± 12.9 mg/dL for the subcutaneous dose in the normal mice, and 49.5 ± 6.8 vs.
48.6 ± 7.6 mg/dL for the intraperitoneal dose and 81.1 ± 9.6 vs. 70.0 ± 10.6 mg/dL for the
subcutaneous dose in ABCA7-knockout mice. Pravastatin increased expression of ABCA7
in the peritoneal cells of the wild type mice while it decreased expression of ABCA1
(Figures 6AC). The uptake of the carbon particles by the peritoneal cells was increased in
the wild-type mouse by administration of pravastatin. This effect was completely negative in
the ABCA7-knockout (Figures 6BD).

4. Discussion
The findings of this study are summarized as follows: 1) Statins decrease cellular cholesterol
and increase expression of ABCA7; 2) Statins enhance cellular phagocytic function against
various targets, including apoptotic cells, through the increase of the ABCA7 expression,
shown in vitro and in vivo; 3) The results thus indicate direct involvement of statin treatment
in the regulation of the host defense system through modulation of the ABCA7 function.

Pharmacological reduction of LDL has been shown to reduce the risk of atherosclerosis; this
was initially using bile acid sequestrants [34, 35] and later statins [3, 36]. Reduction of LDL
is the primary effect of statins and the main therapy for a decrease of atherosclerosis risk
[37]. On the other hand, it has been suggested that statins have additional, off-target effects
to LDL-lowering such as anti-inflammatory effects [38], anti-lipid-oxidative effects [39],
stabilization of atherosclerotic plaques [40], and regulation of cell proliferation [41]. Many
authors have argued that these effects are related to the suppression of the release of
proinflammatory mediators caused by inhibition of HMG-CoA reductase [8, 9] or regulation
of phagocytosis thorough Rho GTPases [11], but others have proposed that these effects are
independent of the main pharmacological action. These experimental findings may have
clinical implications such that the extent of the clinical benefits of statins may go beyond the
level expected from the magnitude of the LDL reduction. In the Cholesterol and Recurrent
Events (CARE) study, for example, pravastatin-mediated lowering of cholesterol and
triglycerides appeared to account for most but not all of the benefits [4]. Analysis of the
results of other trials, such the Myocardial Ischemia Reduction with Aggressive Cholesterol
Lowering (MIRACL) study [5], the Long-Term Intervention with Pravastatin in Ischemic
Disease (LIPID) trial [6], and the Heart Protection Study (HPS) [7], suggested that part of
the effect of statins in certain subjects may not be directly dependent on lowering of LDL
cholesterol. However, molecular grounds for these effects are obscure and based largely on
circumstantial evidence. The results of this study, demonstrate that statin therapy to increase
hepatic LDL receptor expression also enhances the phagocytotic reaction, not only in vitro
but also in vivo, through the SREBP-ABCA7 pathway.
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Phagocytosis is one of the most primitive but important host defense reactions. It has been
proposed that macrophage apoptosis is associated with diminished cellularity and decreased
progression in early atherosclerotic lesions where phagocytic clearance of apoptotic cells
appears efficient. In late lesions, however, their phagocytic clearance may be impaired [42],
leading to secondary necrosis of these cells and a proinflammatory response.

Thus, lesional phagocytes would safely clear apoptotic cells and play an important
preventive role in the development of the unstable necrotic core in atherosclerosis. We
discovered that ABCA7, highly homologous to ABCA1 a key protein for HDL biogenesis,
is a major regulator for phagocytosis [16]. Expression of the ABCA7 gene is regulated by
cellular sterol through the SREBP system in the opposite direction to the LXR-mediated
regulation of the ABCA1 gene [16]. On the other hand, ABCA7 is stabilized by helical
apolipoproteins similarly to ABCA1, resulting in an increase of phagocytosis [27].
Consequently, it is quite rational to assume that a decrease of cell cholesterol in its
regulatory pool enhances phagocytosis and therefore statins increase this reaction. In our in
vitro study, statins and cyclodextrin in fact reduced enhanced phagocytosis including the
reaction targeting apoptotic cells through the SREBP-ABCA7 pathway [16]. These findings
were reproduced in a mouse model indicating activation of this pathway, despite that the
effect of statins on plasma cholesterol is limited due to induction of cholesterol biosynthesis
and small contribution of LDL to plasma cholesterol. As far as comparing the effects of
three statins, the effects do not depend on their physicochemical nature such as
hydrophobicity (Figure 3). This is not entirely consistent with some previous reports that the
effects of hydrophilic statins are limited on extrahepatic cells [43]. The difference may be
resulted from length of exposure of cells to the drugs. Involvement of Toll-like receptors in
the SREBP-ABCA7 system is unknown. It should be investigated whether this signaling
pathway modulates expression of ABCA7.

Interestingly, statins and cyclodextrin rather suppressed phagocytic reactions against natural
targets such as S. aureus, E coli and zymozan when ABCA7 expression was suppressed
(Figures 3 and 4). This finding may indicate an additional factor(s) involved in regulation of
phagocytosis by sterol homeostasis. The difference may also be due to the use of an artificial
probe and natural organisms as a target of phagocytosis. The additional factor may therefore
be involved in the processing and digestion of the phagocyted targets that could be up-
regulated by cellular cholesterol. In the presence of ABCA7, this factor is overcome by the
SREBP-ABCA7 system for overall phagocytotic reaction. Deletion of ABCA7 cancels
cholesterol-dependent regulation of phagocytosis but not cholesterol-independent one,
indicating a specific contribution of ABCA7 to phagocytosis. Lowering cholesterol
reportedly increases membrane fluidity and results in enhancement of phagocytosis [44, 45],
so that ABCA7 may contribute to this process.

The present findings confirm a direct relationship between cholesterol homeostasis and
phagocytosis, and indicate that pharmacological modulation of cholesterol homeostasis
could actually influence the phagocytic function in vitro and in vivo. The finding provides a
molecular basis for “pleiotropic” effects of statins.
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Figure 1. Pravastatin and rosuvastatin enhance phagocytosis
A: J774 cells were subcultured as 4 × 103 cells/well for one day. After overnight incubation
with and without 50 μM pravastatin (Prav) or 5 μM rosuvastatin (Rosv), quantitative
phagocytosis assay for polystyrene beads was performed. The results were expressed as
relative phagocytic activity to the blank control (without statins, 0.02 % BSA). Cytochalasin
D (D) 10 μM was added to inhibit. B and C: J774 cells were seeded as 5×105 cells/well for
one day. After overnight incubation with 50 μM pravastatin, 5 μM rosuvastatin, 5 mM
cyclodextrin (CD) or 10 μg/mL apoA-I (apoA-I or AI), and 0.3 mM cholesterol (chol),
quantitative phagocytosis assay for 3 × 106 (B) or 6×106 (C) S. aureus was performed. D:
Peritoneal macrophages were collected from wild-type mice. The cells were subcultured in a
96-well tray as 5 × 104 cells/well for one day. After overnight incubation with and without
50 μM pravastatin or 5 μM rosuvastatin, quantitative phagocytosis assay for polystyrene
beads was performed. The data in the graphs represent the mean ± SD for 8 samples.
Statistical significance is indicated as * for P < 0.05, ** for P < 0.01 and *** for P < 0.001
from the control or between the data indicated.
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Figure 2. Effects of statins on cellular cholesterol level, expression of the sterol-related genes and
ABCA7 protein level
A: J774 cells were subcultured in a 6-well tray as 1 × 106 cells/well for one day, and
incubated overnight with and without 50 μM pravastatin (P50), 5 μM rosuvastatin (R5), or 5
mM cyclodextrin (CD5). Cell lipid was extracted and cholesterol was measured. B - G: J774
cells subcultured as above were incubated overnight with and without 50 μM pravastatin (B,
E), 5 μM rosuvastatin (C, F), and 5 mM cyclodextrin (D, G). mRNA was extracted and
quantitative expression analysis was performed for ABCA1, ABCA7, LXRα, SREBP1,
SREBP2, the LDL receptor (LDLR) and standardized for β-actin (B, C, D). Results were
expressed as fold change relative to the each control. The protein was extracted and
analyzed for ABCA7 by Western blotting (E, F, G). Data represent the mean ± SD for six
(A) and eighteen (B - G) samples. Statistical significance is indicated as * for P < 0.05, **
for P < 0.01 and *** for P < 0.001 against each control.
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Figure 3. Effects of statins on phagocytosis when the ABCA7 gene was knocked-down
A: SiRNA specific for ABCA7 was transfected into J774 cells of 3.2 × 106 cells/cuvette.
The cells were subcultured in a 96-well tray as 1 × 105 cells/well. After overnight incubation
with 50 μM pravastatin (Prava) and 5 μM rosuvastatin (Rosv), quantitative phagocytosis for
polystyrene beads assay was performed. B, C, D and E: SiRNA specific for ABCA7 was
transfected into J774 cells at a density of 8 × 106 cells/cuvette. The cells were subcultured in
a 24-well tray as 1 × 106 cells/well. After overnight incubation with and without 50 μM
pravastatin (B), 5 μM rosuvastatin (C), 10 μM simvastatin (D) and 5 mM cyclodextrin (E),
quantitative phagocytosis assay of 3 × 106 of S.aureus was performed. The results in graphs
are shown as phagocytic activity relative to each control (without statins and cyclodextrin,
0.02 % BSA). The data represent the mean ± SD for sixteen (A) and eight (B, C, D, E)
samples. Statistical significance is indicated as * for P < 0.05, ** for P < 0.01 and *** for P
< 0.001 against each control.
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Figure 4. Effects of pravastatin on phagocytosis when the ABCA7 gene was knocked-down
SiRNAs specific for ABCA7 was transfected into J774 of 8 × 106 cells/cuvette. The cells
were subcultured in a 24-well tray as 1 × 106 cells/well. After overnight incubation with and
without 50 μM pravastatin, quantitative phagocytosis assay of 3 × 106 for E. coli (A) and 2 ×
105 zymosan (B) was performed. The results in graphs were shown as phagocytic activity
relative to each control (without pravastatin, 0.02 % BSA). The data represent the mean ±
SD for sixteen samples. Statistical significance is indicated as * for P < 0.05 and ** for P <
0.01 against each control.
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Figure 5. Statins enhance phagocytosis of apoptosis cells by ABCA7
A: J774 cells were subcultured as 5 × 105 cells/well for one day. After overnight incubation
with 50 μM pravastatin, 5 μM rosuvastatin, 10 μM simvastatin or 5 mM cyclodextrin, a
quantitative phagocytosis assay for apoptotic Jurkat cells was performed, being shown as
representative photos with phagocytosis indicated by red arrows. B: Left, the results of
quantitative analysis for the experiments of Figure 5A. Center, knock-down of ABCA7 and
phagocytosis of apoptotic cells. ABCA7-specific siRNA was transfected to J774 cells at a
density of 8 × 106 cells/cuvette. The cells were subcultured in a 24-well tray as 1 × 106 cells/
well. After overnight incubation with and without 50 μM pravastatin, quantitative
phagocytosis assay for apoptotic cells was performed. Right, enhancement of phagocytosis
of apoptosis cells by apoAI and its inhibition by cytochalasin D. J774 cells were subcultured
as 5 × 105 cells/well for one day. After overnight incubation with 10 μg/ml apoAI, 10 μM
cytochalasin D, and both, quantitative phagocytosis assay for apototic cells was performed.
The data represent the mean ± SD for six samples. Statistical significance is indicated as *
for P < 0.05 and *** for P < 0.001.
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Figure 6. Pravastatin enhances phagocytosis of peritoneal cells in vivo
A, C: Wild type mice were treated with and without pravastatin by peritoneal (A) and
subcutaneous (C) injection as described in the text. Peritoneal cells were collected from the
mice, two mice for one sample, and analyzed for proteins by Western blotting immediately
after collection. B, D: Phagocytic activity was measured directly in the peritoneal cavity of
the mice in vivo. Diluted carbon ink with or without pravastatin was given intraperitoneally
(B) or subcutaneously (D). After overnight starvation, peritoneal macrophages were
recovered and over 100 cells were counted for calculation of the phagocytosis index as the
relative number of cells that engulfed carbon ink particles. Data represents mean ± SD of n =
4 for wild type and ABCA7-knockout mice. Statistical significance is indicated as *** for P
< 0.001 against each control.
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