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ABBREVIATIONS
ApoA1: Apolipoprotein A1; EEL: External Elastic Lamina; IEL: 

Internal Elastic Lamina; oxLDL: oxidized Low-Density Lipoprotein; 
PCAT: Pericoronary Adipose Tissue

INTRODUCTION
 It is a general belief that an important anti-atherogenic substance, 

Apolipoprotein A1 (ApoA1), is considered as in case of High-Density 
Lipoprotein (HDL), enters into the vascular wall from the vascular 
lumen to act against atherosclerosis by mediating reverse cholesterol 
transport [1-3].

 Previously, we found that ApoA1 is stored in human Pericoronary 
Adipose Tissue (PCAT) and accumulated in macrophages residing in 
the PCAT [4]. 

Using immunohistochemical techniques, normal coronary 
segments (normal group) or segments containing plaques (plaque 
group) together with their surrounding PCAT, from human autopsy 
subjects who had been diagnosed with ischemic heart disease, we 
investigated which of atherosclerosis-related macrophage phenotypes, 
i.e., CD68+ (a nonspecifi c marker of macrophages), CD11c+ (a marker 
of atherogenic M1-macrophages) [5,6] and CD206+ (a marker of 
anti-infl ammatory and antiatherogenic M2-macrophage), [5] obtain 
ApoA1 from PCAT and through what route(s) they transport ApoA1 
to the intima (plaque) of the adjacent coronary artery.

METHODS
Angioscopic and immunohistochemical studies of 
excised human Pericoronary Adipose Tissue (PCAT) and 
the adjacent coronary artery 

Ethics: Th e procedures followed were in accordance with the 
“Declaration of Helsinki” and the ethical standards of the Toho 
University Ethical Committee and Ethical Committee of Funabashi-
Futawa Hospital on human experimentation, and aft er obtaining 
written informed consent from the families involved regarding the 
use of excised coronary artery and its surrounding adipose tissue 
for angioscopic and histological studies to clarify the mechanisms 
underlying atherosclerosis.

Subjects: Th e proximal to middle segments of coronary arteries 
(7 left  anterior descending arteries and 7 right coronary arteries) 

and the surrounding adipose tissue were carefully excised from 7 
autopsy cases of patients with coronary artery disease who had died 
at Funabashi-Futawa Hospital or Toho University Medical Center 
Sakura Hospital [61.0 ± 8.3 years (mean ± SD); 2 females and 5 
males]. Th ree had an acute myocardial infarction, two had an old 
myocardial infarction, and the remaining two patients had angina 
pectoris. Causes of death were: pneumonia (2), congestive heart 
failure (1), diabetic nephropathy (1), cerebral infarction (1), visceral 
carcinoma (1), and sudden death (1) (Table 1).

Classifi cation of coronary plaques and normal segments 
by conventional angioscopy and histology

Here, a conventional coronary angioscopy system (details 
described elsewhere [7,8]) was used to classify coronary plaques and 
normal segments.

By conventional coronary angioscopy, a plaque is defi ned as a 
nonmobile, protruding or lining mass that is clearly demarcated from 
the adjacent normal wall and had a shape, location and color that 
does not change aft er saline fl ushing. A normal segment is defi ned as 
a milky-white and smooth-surfaced portion without any protrusions 
[9]. Classifi cation of plaques and normal segments by angioscopy was 
performed independently using images recorded on DVD disks by 
two observers who did not participate in the conventional angioscopy 
procedure. An angioscopic normal segment was considered to be 
included within a plaque when the intimal thickness was found 
to exceed 300μm in histological sections prepared for single 
immunohistochemical staining. 

Observation of excised coronary arteries by conventional 
angioscopy

A Y-connector was introduced into the proximal portion of the 
respective coronary artery for perfusion with saline solution at a rate 
of 20 mL/min, subsequently, an angioscope was introduced through 
the connector into the artery to evaluate it for plaques and normal 
segments. Disrupted plaques were excluded. Plaques or normal 
segments could be identifi ed because the light irradiated from the tip 
of the angioscope was visible through the arterial wall [10].

Selection of plaques and normal segments: Sections (4-5 -mm 
in length) of proximal or middle segments of the anterior descending 
coronary artery or right coronary artery and the surrounding PCAT 
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were isolated by transecting the proximal and distal ends at the 
shorter axes. 

Normal segments and those with plaques were excised (one each 
from each subject); thus, 7 normal segments (normal group) and 7 
segments with plaques (plaque group) were obtained and used for 
further examination (Table 1). 

Excised segments were embedded in O.C.T. Compound (Sakura 
Finetek USA Inc., Torrance, CA) before being stored at -20°C. Before 
segments were embeded, a 0.5 mm section was obtained from each 
segment and fi xed with 5% glutaraldehyde for electron microscopy. 

Defi nition of PCAT:  Th e epicardial adipose tissue located within 
3 mm (nearly the same as the diameter of the proximal to middle 
segments of the coronary artery) of the EEL of an epicardial coronary 
artery was arbitrarily defi ned as PCAT because such tissue may more 
likely to directly infl uence the coronary artery than more remotely 
located epicardial adipose tissue.

Double immunohistochemical staining: All plaques and normal 
segments with their surrounding PCAT, which had been stored at 
-20°C, were cut into successive 20 μm sections on a cryostat (Tissue 
Tec 3D, SakuraFinetec Japan, Tokyo). Such relatively thick and frozen 
sections were used to prevent leaking from the PCAT. Sections were 
fi xed with 4 % paraformaldehyde for 7 min at 4°C, and incubated with 
a mixture of 1% hydrogen peroxide in methanol for 30min. Successive 
sections were processed by double immunohistochemical staining as 
follows: ApoA1 with CD68 for nonspecifi c macrophages [11], ApoA1 
with CD11c for M1-infl ammatory and atherogenic macrophages 
[12] and ApoA1 with CD206 for M2- anti-infl ammatory and anti-
atherogenic macrophages [13]. 

Th e antibodies used for immunohistochemical staining are as 
follows:

For ApoA1, Anti-apoA1-antibody orb 10973; rabbit polyclonal, 
which reacts with human apoA1; Biorbyt Ltd, Cambridge, UK.

For CD68, anti-CD68 antibody mouse monoclonal NCL-CD 68-
KP1, Leica Biosystems Newcastle Ltd, Newcastle, UK [11].

For CD11c, an anti-CD11c antibody (ab52632, rabbit monoclonal 
(EP1347Y), reacts with human CD11c, Abcam Ltd). 

For CD206, a human MMR/CD206 antibody, source polyclonal 
goat IgG, immunogen mouse myeloma cell line NSO-derived 
recombinant human MMR/CD206, R&D Systems, Minneapolis, MN

Sections were incubated with anti-CD68, anti-CD206 or anti-
CD11c antibodies for 60 min Subsequently, the sections were 
incubated with anti-mouse Alexa555 (Alexa Fluoro555 goat anti-
mouse IgG, Code A21422, Molecular Probe Ltd, CA, USA) for 30 
min to emit a red fl uorescence for CD68, CD206 or CD11c. Th e 
same sections were incubated with the anti-ApoA1 antibody for 60 
min, and then with anti-rabbit FITC (FITC conjugated Aff eini Pure 
goat anti-rabbit IgG, Code 111-095-003, Vector Laboratories Inc, 
Burlingame, CA, USA) for 30 min to emit a green fl uorescence for 
ApoA1. Finally, the section was reacted with DAPI (4’, 6-diamidino-
2-phenylindole; Life Technologies Carlsbad, Carsbad, CA, USA) to 
emit a blue fl uorescence for cell nuclei [14]. 

Stained sections were photographed separately or merged with 
one another using a microscope (IX70, Olympus Co, Tokyo, Japan) 
connected through an ICCD camera (DP 73, Olympus Co) to CellSens 
Standard (Olympus Co). For fl uorescence imaging, a 460 nm band-
pass fi lter (BPF) and a 510 nm Band Absorption Filter (BAF) for the 
green fl uorescence of ApoA1, a 555 nm BPF and a 575 nm BAF for 
the red fl uorescence of macrophages, and a 345 nm BPF and 420 nm 
BAF for the blue fl uorescence of cell nuclei as previously reported 
[15].

Density of ApoA1-containing (ApoA1+) macrophage 
phenotypes in PCAT and intima

Using double-immunohistochemically stained samples, the 
density of ApoA1+ macrophage phenotypes (per 200 μm x 200μm 
area2) was counted in PCAT, media and intima and compared 
between normal and plaque groups. Areas where cell nuclei, which 
exhibit blue spots, were distributed most densely by densitometry 
were selected for counting. 

Microscopic observation of EEL and IEL

EEL and IEL exhibit a strong fl uorescence when stained 
with fl uorescein. One section from each sample was stained with 
fl uorescein, aft er which EEL and IEL were examined using fl uorescent 
microscopy. Normal EEL is composed of tight continuous elastin 
fi bers that form a band. When any loosening or fragmentation was 
noted, EEL was defi ned as loosened or fragmented EEL, and the 
number of loosened or fragmented portions in the circumference of 
EEL was compared between the normal and plaque groups.

IEL is composed of elastin plates arranged in series connected 
side- by-side with thin fi laments. In a normal coronary artery, the 

Table 1: Backgrounds of autopsy cases.

Subjects Age/Sex Disease Cause of Death % stenosis in coronary  segments

Normal segments Plaques

1 56/F AP Visceral cancer LAD 10% LAD 45%

2 48/F OMI Sudden death RCA 13% LAD 55%

3 58/M AMI CHF LAD 18% RCA 63%

4 70/M AMI Pneumonia RCA 14% LAD 70%

5 60/M AP Cerebral infarction LAD 16% LAD 61%

6 63/M AP Diabetic nephropathy RCA 11% LAD 48%

7 72/M AMI Pneumonia RCA 13% LAD 71%

Mean ±SD 61.0 ± 8.3 13.6 ± 2.8 59.0 ± 10.1

Percentage (%) stenosis was calculated by the formula % stenosis = (diameter between opposing internal elastic lamina – lumen diameter/diameter between 
opposing internal elastic lamina) x 100. 
AMI: Acute Myocardial Infarction; AP: Angina Pectoris; CHF: Congestive Heart Failure; OMI: Old Myocardial Infarction.
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distance between the plates is ≦ 5 μm [16]. Th erefore, widening of 
the distance by 10 μm or fractured or decaying portions of IEL were 
defi ned as disruption. Th e number of disrupted portions across the 
circumference of the IEL was compared between the normal and 
plaque groups.

The number of ApoA1-containing (ApoA1+) macrophage 
phenotypes passing through the EEL or IEL

Th e number of ApoA1-containing macrophage phenotypes 
passing through the circumference of the EEL or IEL was counted 
and compared between the normal and plaque groups. Macrophages 
are amoeboid cells and extend pseudopod toward the direction of 
crawling. Th erefore, pseudopod side was considered as the direction 
of crawling.

Electron microscopic study

Because macrophages are amoeboid in shape, cells with an 
amoebic confi guration and migrating through the IEL were examined 
using electron microscopy (InTouchScopeTM, JSM-IT200, 
Nihondenshi Co., Tokyo, Japan).

Statistical analysis

Fisher’s exact test was used for statistical analysis of data. Th e data 
obtained were expressed as mean± standard deviation (SD), a p-value 
of < 0.05 was considered to be statistically signifi cant. Because of a 
large number of comparisons, the Bonferroni correction was used 
[17].

RESULTS
ApoA1 in PCAT 

ApoA1 was present in Adipocyte (AC) cytoplasm (arrow in 
fi gure 1; A) and in CD206+macrophages (arrowheads in fi gure 1; A 
A-2). Th ese patterns were observed in the majority of samples of the 
normal and plaque groups.

ApoA1+ macrophages 

Figure 2a and 2b show double immunohistochemical staining 
of ApoA1 which is contained in macrophage phenotypes in PCAT, 
adventitia, media and intima. ApoA1+macrorophage phenotypes 
were CD68+ or CD206+ in PCAT. Th ey resided in the interstitial space 
between adipocytes (arrows in fi gure 2a; A to A-2).

Th e adventitia and PCAT are not clearly margined, forming 
a border zone, and these two macrophage phenotypes appear to 
migrate through the interstitial space of PCAT to the adventitia 
(Figure 2a; B to B-2).

In the media, these two phenotypes are eel-like in confi guration 
and resided along with circular smooth muscle cells (Figure 2b; A to 
A-2).

In the plaque, CD68+, CD206+ but also CD11c+ macrophages 
that contain ApoA1 were observed. Th ey were either spindle-like or 
round in confi guration (Figure 2b; B to B-2). About a half to one-
thirds of macrophages did not contain ApoA1. Fragmented particles 
of ApoA1-containing foam cells were also observed.

Th e density of ApoA1+CD68+ and ApoA1+CD206+ macrophages 
in the PCAT of normal and plaque groups exhibited no notable 
diff erence (Figure 2c; A). ApoA1+ CD11c+macrophages were not 
found in PCAT (Figure 2c; A).

 Th e density of ApoA1+ CD68+-and ApoA1+CD206+ macrophages 
in the media was higher in the plaque group than the normal group. 
ApoA1+ CD11c+ macrophages were not found in the media (Figure 
2d; B). Th e density of ApoA1+CD68 (+)-, and ApoA1+CD206 (+) 
macrophages in the intima (plaque) was higher in the plaque group 
(Figure 2c; C). ApoA1+CD11c+ macrophages, which were not 
observed in PCAT and media, were now observed in plaques (Figure 
2c; C).

Diff erences in the External Elastic Lamina (EEL) and 
Internal Elastic Lamina (IEL) morphology between normal 
and plaque groups

In the normal group, the EEL was tight and continuously arranged 
(arrowheads in fi gure 3a; A). Th e IEL, which is composed of elastin 

Figure 1: Apolipoprotein A1 (ApoA1) contained in pericoronary adipocyte and 
CD206 positive (CD206+) macrophages
Immunohistochemical staining of ApoA1 is green, macrophages are red and 
nuclei of the macrophages are blue. ApoA1 is contained in Adipocyte (AC) 
cytoplasm (arrows in A and A-2). ApoA1 is also observed in the macrophages 
in the interstitial space between AC (arrowheads in A - A-2). Scale bar = 5 μm.

Figure 2a: Apolipoprotein A1-containing (ApoA1+) macrophage phenotypes 
and their density in Pericoronary Adipose Tissue (PCAT), media and intima 
(plaque)
2a: ApoA1+ macrophage phenotypes in PCAT and adventitia
A to A-2: ApoA1-containing CD206+macrophages in PCAT (arrows). AC: 
adipocyte. Scale bar = 5 μm.
B to B-2: ApoA1+ CD68+ macrophages in the interstitial space between 
Adipocytes (AC) as if it is directing into the adventitia (arrows) and those in 
neighboring adventitia (arrowheads). Scale bar =10 μm.
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plates in series, was wavy and almost continuously arranged (arrow 
in fi gure 3a; A). 

However, in the plaque group, the EEL was fragmented 
(arrowhead in fi gure 3a; B) and the IEL was frequently disrupted 
(asterisk in fi gure 3a; B). 

Figure 2b: ApoA1+ macrophage phenotypes in the media and intima
A to A-2: ApoA1+ CD68+ macrophage in the media, showing an eel-like 
confi guration (arrow). Arrowheads: pseudopod.
B to B-2: An ApoA1+ CD11c+ macrophage in the plaque, showing a spindle-like 
confi guration (arrows). Scale bar = 5 μm.

Figure 2c: Difference in the density of ApoA1+ macrophage phenotypes in 
Pericoronary Adipose Tissue (PCAT), media and intima (plaque) between 
normal and plaque groups.
n : number of samples examined. *p < 0.05, **p < 0.01, ***p < 0.001. SD: standard 
deviation. 
In PCAT, the density of ApoA1+ macrophage phenotypes is not different in 
normal and plaque groups (A). 
In the media, the density of ApoA1+ CD68+ and ApoA1+ CD206+ macrophage is 
signifi cantly higher in plaque group than normal group (B).
In the intima (plaque), the density of ApoA1+CD11c+ as well as ApoA1+CD68+ 
and ApoA1+CD206+ macrophages is signifi cantly higher in the plaque group 
compared with the normal group (C). 

Crawling of ApoA1+ macrophages through the EEL and 
IEL

Figure 3b shows ApoA1+ macrophages migrating through 
fragmented EEL (A to A-2), and through the disrupted portions of 
IEL (B to B-2). Pseudopod protruding toward the media (arrow in 
A) and toward the intima (arrows in B), indicating direction of their 
crawling.

Figure 3a: Loosened or fragmented External Elastic Lamia (EEL), and 
disrupted Internal Elastic Lamina (IEL). 
3a: EEL and IEL of normal and plaque groups
A. A normal segment in which IEL (arrow) and EEL (arrowheads) are wavy 
and almost continuously arranged   
B. A plaque with a wide disruption in IEL (asterisk). Arrows: residual IEL. EEL 
is fragmented (arrowheads). I: intima (plaque). M: media. Scale bars=100 μm.

Figure 3b: ApoA1+ macrophage phenotypes migrating through the EEL and 
IEL 
A to A-2: An ApoA1+CD206+ macrophage migrating through a fragmented 
portion of the EEL (between arrowheads) extending pseudopod (arrow) 
toward the Media (M).
B to B-2: ApoA1+ CD11c+ macrophages extending pseudopod (arrow) toward 
the intima and migrating through a disrupted portion of the IEL (arrowheads). 
M: media. I: intima (plaque). Scale bar = 5 μm.
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Electron microscopy of macrophage-like cells crawling 
through the IEL

Cells that were amoebic in confi guration, which is characteristic 
of macrophages, protruding pseudopod through the disrupted IEL 
into the intima were frequently observed in plaque group (arrowhead 
in fi gure 3c), indicating that they had only begun to enter into the 
intima. 

Incidence of loosened or fragmented EEL or disrupted 
IEL and migration of ApoA1+ macrophages through EEL 
and IEL

Th e incidence of loosened or fragmented portions in the EEL and 
disrupted portions in the IEL was signifi cantly higher in the plaque 
group than in the normal group (Figure 4a; A, Figure 4b; A). 

Th e incidence of ApoA1+ CD68+ and ApoA1+CD206+macrophages 
migrating through the EEL was more frequent in the plaque group 
than in the normal group (Figure 4a; B). Th e incidence of these 
macrophages migrating through disrupted portions of the IEL was 
also higher in the plaque group than in the normal group (Figure 4b; 
B). Notably, ApoA1+CD11c (+) macrophages were observed in the 
disrupted portion of the IEL in plaque group but were not observed 
in the IEL of the normal group (Figure 4b; B). 

DISCUSSION
ApoA1+macrophage phenotypes in PCAT

Storage of ApoA1 was observed in PCAT not only in the plaque 
group but also in the normal group, indicating that ApoA1 storage 
begins before atherosclerosis development. 

Th e density of ApoA1+CD68+ and ApoA1+CD206+ macrophages 
in PCAT between the normal and plaque groups was not diff erent, 
indicating that the ApoA1-containing capacity of these macrophages 
was not infl uenced by the presence or absence of plaques in the 
adjacent coronary intima.

Mechanism(s) for damages in the EEL and IEL

Loosened or fragmented EEL and disrupted IEL were frequently 
observed in coronary segments with plaques (plaque group). Th ere 
are at least three possible mechanisms for such changes: (1) Plaques 

Figure 3c: Electron microscopy of macrophage-like cell which is amoeboid 
in confi guration and migrating through the disrupted portion of the Internal 
Elastic Lamina (IEL).
A macrophage-like cell that is amoeboid in confi guration (arrows) extending a 
pseudopod through the disrupted IEL (red arrow) into the intima (arrowhead). 
I: Intima. IEL: Internal Elastic Lamina. M: Media. SMC: Smooth Muscle Cell. 
Scale bars = 10 μm.

Figure 4a: Incidence of loosened or fragmented External Elastic Lamina (EEL) 
and disrupted Internal Elastic Lamina (IEL) and migrating Apo lipoprotein A1- 
containing (ApoA1+) macrophages.
4a: Incidence of loosened or fragmented EEL and ApoA1+ macrophages 
migrating through EEL
n: number of samples examined. Number of loosened or fragmented portions 
across the circumference of the EEL were counted. 
A. The incidence of loosened or fragmented portions is signifi cantly 

higher in the plaque group. 
B. ApoA1+CD11c+ macrophages are not observed. SD: standard 

deviation.
*p < 0.01. ***p < 0.001.
Number of ApoA1+ CD68 (+) - and ApoA1+CD206 (+) macrophages that 

migrate through the EEL is signifi cantly higher in the plaque group.

Figure 4b: Disrupted portions in the IEL and ApoA1+ macrophage phenotypes 
migrating through the IEL.
n: number of samples examined. One normal and one plaque, were obtained 
from each autopsy subject.
A. The number of disrupted portions across the entire circumference of 

the IEL. The number of disrupted portions is signifi cantly higher in the 
plaque group than in the normal group.

B. The number of ApoA1+ macrophage phenotypes migrating through 
IEL. CD68+ and CD206+ macrophages as well as CD11c+ macrophages 
are observed to accumulate ApoA1. The number of such macrophage 
phenotypes is signifi cantly higher in the plaque group than in the 
normal group. SD: standard deviation. **p < 0.01. ***p < 0.001.

induce distension of the EEL or IEL, which subsequently damages 
them. In a normal coronary artery, the IEL is composed of elastin 
Plates [18] in series, which are connected side by side with thin 
fi laments, and the space between the plates is less than 5 μm [16]. 
Th e fi laments connecting the IEL plates were likely disrupted, and the 
plates became separated as a result of plaque distension. (2) Because 
the EEL and IEL are composed primarily of elastin, elastases that 
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macrophages (so-called M1 - and M2 -macrophages, respectively) are 
not well diff erentiated concerning ApoA1 carriage in man. Switching 
of macrophages from M2 - to M1 - is seen in animals, [26] and a 
similar switch might have occurred in the human macrophages during 
migration or because the macrophages may have possessed both 
M1 and M2 characteristics, and the potency of these characteristics 
changed while traversing the IEL. Further studies are necessary to 
clarify the roles of individual macrophage phenotypes, including 
the subtypes of M1-macorphages [27], and M2-macropahges [25], 
concerning ApoA1 carriage. 

Possible mechanisms for the migration of ApoA1+ 
macrophages from PCAT to the intima

Based on the fi ndings of the present study, we propose a possible 
mechanism for the prevention of human coronary atherosclerosis. 
Th e ApoA1 stored in PCAT is transferred to CD68+ and CD206+ 
macrophages that reside in the interstitial space between adipocytes; 
ApoA1+ CD68+ and/or ApoA1+ CD206+macrophages migrate 
through the adventitia and loosened or fragmented EEL into the 
media. Subsequently, these macrophages migrate through the 
disrupted portions of the IEL, and a percentage of the migrating 
macrophages transform into CD11c+ macrophages, and enter into 
the intima (plaque). Th e ApoA1+ macrophage phenotypes entered 
into the intima (plaque), interact with atherogenic substances or cells 
including oxidized Low-Density Lipoprotein (oxLDL) or oxLDL-
containing macrophages [28,29] and suppress atherosclerosis (Figure 
5). 

Study Limitations

(1) Because a majority of the autopsy cases were admitted for a 
serious condition at the terminal stage, lipid plasma levels and other 
substances examined before death were not considered to be refl ective 
of the patient’s the levels during stable conditions. Th erefore, it was 

Figure 5: Schematic representation of the mechanism of ApoA1-containing (ApoA1+) macrophage migration from the Pericoronary Adipose Tissue (PCAT) into the 
intima through the External Elastic Lamina (EEL) and the Internal Elastic Lamina (IEL).
CD68+ or CD206+ macrophages in PCAT acquire ApoA1 from adipocytes, moved to the adventitia, migrate though loosened or fragmented portions of the EEL 
into the media, and subsequently migrate through disrupted portions of the IEL into the intima. Some of this macrophage population transformed into CD11c+ 

macrophages during crawling through IEL. The ApoA1 thus transported interacted with atherogenic substances such as oxidized low-density lipoprotein (oxLDL) 
that is also transported by macrophages from PCAT or entered from the lumen to reduce atherosclerosis. EC: endothelial cell. 

diff used from the lumen or adventitia damaged the EEL and IEL [18]. 
(3) Macrophages-excreted cytokines during macrophage migration 
caused the damage to the EEL and IEL [19-21].

Migration of ApoA1+ macrophage phenotypes through 
the EEL and IEL

Th e incidence of ApoA1+ macrophages migrating through the 
EEL and IEL was higher in the plaque group. Th e EEL and IEL were 
unable to function as a mechanical or humoral barrier and may have 
played a role in enhancing macrophage migration.

Direction of macrophage migration

Ameba and amoeboid cells such as white blood cell and 
macrophages protrude a pseudopod forward, retracts the pseudopod, 
changes body shape and crawls, indicating that the pseudopod 
shows the direction of crawling. In this study, ApoA1+ macrophage 
phenotypes in the loosened ELL or disrupted IEL protruded their 
pseudopod toward the media and toward the intima, respectively, 
strongly suggesting that they crawled toward the media and then to 
the intima [22-24]. 

Macrophage transformation

Th ere are many macrophage phenotypes. Among them, M1-
macrophages (CD11c+ macrophages) are considered as atherogenic 
and M2-macrophages (CD206+ macrophages) are considered 
antiatherogenic, primarily based on fi ndings in animals or cultured 
cells [25]. In this study, CD11c+macrophages were not found in 
PCAT, adventitia or media, but were found at the sites of disrupted 
IEL, suggesting that CD68+- or CD206+ macrophages switched 
phenotype to CD11c+ macrophages during the migration through the 
IEL.

In the present study, ApoA1 was found in both CD206+ and 
CD11c+ macrophages. Th is fi nding suggests that CD11c+ and CD206+ 
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diffi  cult to examine the association of plasma lipid levels and other 
substances with macrophage phenotypes and behaviors.

(2) Although ApoA1 storage in human PCAT was confi rmed, the 
following mechanisms remain to be elucidated;

 (a) Th e factor(s) that regulate ApoA1 storage in PCAT as well 
as macrophage migration into the intima (plaque) remain to be 
elucidated.

(b) It remains unknown whether ApoA1 is synthetized in PCAT, 
or if it is transported to PCAT from an unknown origin.

Clinical perspectives

Enhancing ApoA1 storage in PCAT and its macrophage-induced 
transport to the plaque may contribute to the prevention or regression 
of coronary atherosclerosis. Th erapies enhancing storage of ApoA1 
in PCAT or migration of ApoA1+macrophages could contribute in 
preventing human coronary atherosclerosis.

CONCLUSION
ApoA1 is stored in human PCAT. CD68+ and CD206+macrophages 

acquire ApoA1 from PCAT and transport it through the adventitia, 
loosened and fragmented EEL, media, and disrupted IEL into the 
intima (plaque). However, a percentage of these macrophages are 
converted to CD11c+macrophages during migration through the IEL 
before entering into the intima. Our fi ndings suggest that such an 
“outside-in” process could contribute to the suppression of human 
coronary atherosclerosis. 
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