American Journal of
Biomedical Science & Research

www.biomedgrid.com

ISSN: 2642-1747
---------------------------------------------------------------------------------------------------------------------------------

Research Article

Copy Right@ Yasumi Uchida

Migration of OxLDL+ Macrophage Phenotypes
from Pericoronary Adipose Tissue to Coronary
Intima: A Possible Mechanism for Human Coronary
Atherosclerosis
Yasumi Uchida1*, Yasuto Uchida2, Ei Shimoyama3, Nobuyuki Hiruta4 and Tsuyoshi Tabata5
1

Japanese Foundation of Cardiovascular Research, Funabashi, Japan

2

Department of Cardiology, Tsukuba Memorial Hospital, Japan

3

Department of Pathology, Funabashi-Futawa Hospital, Japan

4

Department of Pathology, Toho University Sakura Medical Center, Japan

5

Department of Clinical Physiology, Toho University Sakura, Japan

*Corresponding author: Yasumi Uchida, Japan Foundation for Cardiovascular Research, 2-30-17, Narashinodai, Funabashi, 2740063, Japan.
To Cite This Article: Yasumi Uchida, Yasuto Uchida, Ei Shimoyama, Nobuyuki Hiruta, Tsuyoshi Tabata, Migration of OxLDL+ Macrophage Phenotypes from Pericoronary Adipose Tissue to Coronary Intima: A Possible Mechanism for Human Coronary Atherosclerosis. Am J Biomed Sci &
Res. 2021 - 12(3). AJBSR.MS.ID.001750. DOI: 10.34297/AJBSR.2021.12.001750.

Received:

March 20, 2020; Published:

March 30, 2021

Abstract
Background: We previously found that oxidized low-density lipoprotein (oxLDL), a core atherogenic protein, is stored in human pericoronary
adipose tissue (PCAT) and macrophages residing in PCAT accumulate oxLDL. Here, we aimed to identify whether and how the macrophage
phenotypes transport oxLDL from PCAT to the coronary intima.

Methods and Results: Coronary arteries and their surrounding PCAT were excised from human autopsy subjects and examined using
immunohistochemical techniques to investigate macrophage-mediated oxLDL transport from PCAT to the coronary intima. OxLDL+CD68+ and
oxLDL+CD206+ macrophages were observed in PCAT of both normal coronary segments (normal group) and adjacent coronary segments with
plaques (plaque group). External elastic lamina (EEL) was loosened, or fragmented and internal elastic lamina (IEL) was disrupted in the plaque
group, and oxLDL+CD68+ and oxLDL+C206+ macrophages extending pseudopod forward were frequently observed to pass through these portions
into the intima. OxLDL+CD11c+ macrophages were not found in PCAT, EEL and the media but were found in disrupted IEL and plaques.
Conclusions: The results suggest that CD206+ or CD68+ macrophages transport oxLDL from PCAT into the media and they and CD11c+
macrophages transformed at the site of IEE into plaque via loosened or fragmented EEL and disrupted IEL and could participate in initiation and
acceleration of human coronary atherosclerosis.

Keywords: Human coronary plaques, Immunohistochemical staining, Macrophage phenotypes, Oxidized low-density lipoprotein, Pericoronary
adipose tissue

Introduction
It is a general belief that monocytes and low-density lipoprotein (LDL) enter from the lumen into the arterial wall, and while
the former become macrophages, the latter become oxidized-

LDL (oxLDL)，a core pro-atherogenic protein; subsequently macrophages accumulate oxLDL in themselves and play an important role in the initiation and progression of atherosclerosis [1-4].

This work is licensed under Creative Commons Attribution 4.0 License AJBSR.MS.ID.001750.

247

Am J Biomed Sci & Res

Copy@ Yasumi Uchida

However, this process is largely dependent on animal experiments
and it is not known whether it is the sole mechanism underlying
atherosclerosis development in humans. Previously, we found that
oxLDL is stored in human pericoronary adipose tissue (PCAT) and
accumulated in macrophages residing in the PCAT [5]. However,
whether macrophage acquire oxLDL from PCAT and through what
route(s) are oxLDL transported to the intima remained unclear in
our previous study. Thus, the present ex vivo study aimed to examine which of the macrophages namely those expressing CD68 (a
nonspecific marker of macrophage), CD11c (a marker of atherogenic M1-macrophage) [6,7] or CD206 (a marker of anti-inflammatory and antiatherogenic M2-macrophage) [6], participate in this
transport process and the routes they follow using immunohistochemical techniques and by excising the normal coronary segments
(normal group) or segments containing plaques (plaque group) to-

Subjects

gether with their surrounding PCAT from human autopsy subjects
who had suffered from ischemic heart disease.

Methods

Immunohistochemical Studies of Excised Human Pericoronary Adipose Tissue (PCAT) and Its Adjacent Coronary Artery
Ethics
This ex vivo study was conducted after obtaining approval from
the Ethical Committees of the Japan Foundation for Cardiovascular
Research, Funabashi-Futawa Hospital, Chiba-kensei Hospital and
Toho University, and after obtaining written informed consent from
the families involved regarding the use of excised coronary artery
and its surrounding adipose tissue for histological studies to clarify
the mechanisms underlying atherosclerosis [8-11].

Table 1: Backgrounds of Autopsy Cases.
Subjects No

Age/Sex

1

56/F

3

58/M

5

60/M

2
4
6
7

Disease

Cause of Death

AP

48/F

OMI

70/M

AMI

63/M
72/M

Mean±SD 61.0 ±8.3

AP
AP

AMI

Normal Segments

Plaques

Visceral cancer

LAD 10%

LAD 45%

CHF

LAD 18%

Cerebral infarction

LAD 16%

Pneumonia

RCA 13%

Sudden death

AMI

% Stenosis in coronary Segments

Pneumonia

Diabetic nephropathy

RCA 13%

LAD 55%
RCA 63%

RCA 14%

LAD 70%

RCA 11%

LAD 48%

13.6 ±2.8

LAD 61%
LAD71%

59.0 ±10.1

Percentage (%) stenosis was calculated by the formula % stenosis = (the area circumscribed by internal elastic lamina – lumen area/ the area circumscribed by internal elastic lamina) x 100. AMI: Acute Myocardial Infarction. AP: Angina Pectoris. CHF: Congestive Heart Failure. OMI: Old Myocardial
Infarction.Sd: Standard Deviation.

The 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 and obtained informed consent from the concerned families between April 1, 2016 and March 31, 2018 [61.0 ± 3.1years
(mean±SD); 2 females and 5 males]. Three had acute myocardial
infarction, two had an old myocardial infarction, and the remaining
two patients had angina pectoris. Cause of their death: pneumonia
(2), congestive heart failure (1), diabetic nephropathy (1), cerebral
infarction (1), visceral carcinoma (1), sudden death (1)] (Table 1).

Selection of plaques and normal segments

by histology

Immunohistochemical staining of oxldl and macrophage

Classification of coronary plaques and normal segments
Percentage (%) stenosis was calculated by planimetry using
the ring segments by the formula: % stenosis= (area within internal
elastic lamina - lumen area/ area within internal elastic lamina) x
100.

A 4 – 5 mm long section of proximal or middle segments of the
anterior descending coronary artery or right coronary artery and
their surrounding PCAT were isolated by transecting its proximal
and distal ends at the shorter axes. The normal segments and those
with plaques were excised (one segment 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). They were embedded in O.C.T. Compound (Sakura Finetck USA Inc., Torrance, CA) before being stored at -20○C. Before
embedding these segments, a 0.5 mm section was obtained from
each segment and fixed with 5% glutaraldehyde solution for electron microscopic study.

phenotypes
Single immunohistochemical staining: All plaques and normal segments with their surrounding PCAT, which had been stored
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at -20°C, were cut into successive 10 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 fixed 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 at first by single immunohistochemical as follows: oxLDL, CD68 for nonspecific
macrophages [12], CD11c for M1-inflammatory and atherogenic
macrophages [13] and CD206 for M2- anti-inflammatory and anti-atherogenic macrophages [14].
Double immunohistochemical staining: Then, double immunohistochemical staining was performed as follows: oxLDL with
CD68 (oxLDL+CD68+) [12], oxLDL with CD11c (oxLDL+ CD11c+) and
oxLDL with CD206 (oxLDL+ CD206+).
The antibodies used for immunohistochemical staining are as
follows:
a.

b.
c.
d.

For oxLDL, anti-oxLDL-antibody orb 10973; rabbit polyclonal,
which reacts with human oxLDL; Biorbyt Ltd, Cambridge, UK
[12].

For CD68, anti-CD68 antibody mouse monoclonal NCL-CD 68KP1, Leica Biosystems Newcastle Ltd, Newcastle, UK [12].
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 fluorescence for CD68, CD206 or CD11c. The
same sections were incubated with the anti-oxLDL antibody for
60 min, and then with anti-rabbit FITC (FITC conjugated Affeini
Pure goat anti-rabbit IgG, Code 111-095-003, Vector Laboratories
Inc, Burlingame, CA, USA) for 30 min to emit a green fluorescence
for oxLDL. Finally, the section was reacted with DAPI (4’,6-diamidino-2-phenylindole; Life Technologies Carlsbad, Carsbad, CA, USA)
to emit a blue fluorescence for cell nuclei [15].

Identification of macrophages by double immunohistochemical staining

Fluorescein and Alexa 555 stain elastin which is contained in
EEL and IEL in human vascular wall. When fluorescein and oxLDL
or Alexa 55 and oxLDL in combination are used for staining oxLDL+
macrophages, not only oxLDL+ macrophages and EEL and IEL are
stained. So, the cells amoeboid configuration which contain nucleus

were considered as oxLDL+ macrophages.

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 fluorescence imaging, a 460 nm
band-pass filter (BPF) and a 510 nm band absorption filter (BAF)
for the green fluorescence of oxLDL, a 555 nm BPF and a 575 nm
BAF for the red fluorescence of macrophages, and a 345 nm BPF
and 420 nm BAF for the blue fluorescence of cell nuclei as previously reported [16].

Microscopic observation of pcat and coronary artery after immunohistochemical staining

Density of dotted OxLDL deposits and macrophage phenotypes: Using single Immunohisto Chemical staining preparations, histological observations of oxLDL deposits, CD68+, CD206+
or CD11c+ macrophages was performed by a microscope (IX 70,
Olympus Co., Tokyo, Japan). Densities of oxLDL depositions or macrophage phenotypes in PCAT, adventitia, media, and intima was
compared between the normal and plaque groups.
Incidence of OxLDL-containing (OxLDL+) macrophage phe-

notypes in PCAT, media and intima: Using double immunohistochemically stained preparations, the frequency of oxLDL occurrence (%) in macrophage phenotypes was examined in PCAT, media
or intima and compared between the normal segment and plaque
groups.

Microscopic observation of EEL and IEL

EEL and IEL exhibit a strong fluorescence when stained with
fluorescein. One section from each sample was stained with fluorescein, after which EEL and IEL were examined using fluorescent
microscopy. Normal EEL is composed of tight continuous elastin fibers that form a band. In case any loosening or fragmentation was
noted, EEL was defined 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 filaments. In a normal coronary artery, the
distance between the plates is approximately ≦5 µm [8]. Therefore,
widening of the distance by 10 µm, fractured or decaying portions
of IEL were defined as disruption. The number of disrupted portions across the entire circumference of IEL was compared between
the normal and plaque groups.

The Number of OxLDL+ Macrophage Phenotypes Passing
through EEL or IEL:

The number of oxLDL-containing macrophage phenotypes
passing through the entire circumference of EEL or IEL was count-
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ed and compared between the normal and plaque groups. Macrophages are amoeboid cells and extend pseudopod toward the direction of crawling. Therefore, pseudopod side was considered as the
direction of their crawling.

Electron Microscopic Study

Because macrophages are ameboid in shape, cells with an amebic configuration and passing through IEL were examined using
an electron microscope (InTouchScopeTM, JSM-IT200, Nihondenshi

Results

Co., Tokyo, Japan). Pseudopod was defined as a thin and low-density protrusion from the body.

Statistical analysis

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

OxLDL in PCAT

Figure 1: Oxidized Low-density Lipoprotein (OxLDL) and Macrophage Phenotypes in Pericoronary Adipose Tissue (PCAT), Media and Intima.
Figure 1a: OxLDL and Macrophage Phenotypes in PCAT OxLDL is contained in adipocyte cytoplasms (AC; arrow in A). Dotted oxLDL is observed
in the interstitial space between the adipocytes (arrowhead in A). CD68+ and CD206+ but not CD11c+ macrophages were observed in the interstitial
space (arrowhead in B, C, D). The macrophages co-insides with the dotted oxLDL (arrowhead in E – E-2). Scale bars= 5 µm.

Figure 1b: OxLDL+ CD68+ Macrophage in the Border Zone of PCAT and Adventitia OxLDL+ CD206+ macrophage phenotype in the border zone of
PCAT and adventitia (arrows in A – A-2) and in the adventitia (Ad) (arrows in B–B-2). AC: Adipocyte. EEL: External Elastic Lamina. Scale bar = 5 µm.
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Figure 1c: OxLDL+ Macrophage Phenotypes in the Media and Intima.
An OxLDL+ CD68+ macrophage in the media, showing eel-like configuration (arrows in A – A-2). Arrowheads: pseudopod. An oxLDL+ CD11c+
macrophage in the intima (arrows in A – A-2). Arrowheads: OxLDL- CD11c+ macrophage. Scale bars = 5 µm.

Figure 1d: Macrophage Density in PCAT, Media and Intima
n: number of samples examined. One normal and plaque samples respectively was obtained from each autopsy subject.
A. No significant difference in density of oxLDL+ CD68+ and oxLDL+ CD206+ macrophages in PCAT is observed between normal group and plaque
group. OxLDL+ CD11c+ macrophage is not observed in PCAT in both the groups.
B. CD68+ and CD206+ macrophages density in the media is significantly higher in the plaque group than in the normal group. OxLDL+ CD11c+
macrophage is not observed in the media.
C. The density of oxLDL+ CD68+, oxLDL+ D206+ and oxLDL+ CD11c(+) macrophages in the intima (plaque) is significantly larger in plaque group
than in normal group.
D. SD: Standard Deviation. * p<0.05. ** p<0.01. *** p<0.001.
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OxLDL was present in adipocyte cytoplasm AC; arrow in
(Figure1a- A). Dotted oxLDL is observed in the interstitial space
between adipocytes (arrowhead in Fig 1a- A), which is contained in
macrophage phenotypes (arrowhead in (Figure 1a-E – E-2). These
changes were observed in all samples of the normal and plaque
groups.

Macrophage phenotypes in PCAT, media and intima

OxLDL+CD68+ and OxLDL+CD206+ macrophages were observed
in the interstitial space between PCAT adipocytes arrows in
(Figure 1a- B, C, Figure 1b- A- A-2), adventitia arrows in (Figure
1b-B-B-2), media (arrows in (Figure 1c- A - A-2) and intima.
CD11c+ macrophages were observed only in the intima arrows
in (Figure 1c-B – B-2). No significant difference in the density of
CD68+ and CD206+ macrophages in PCAT was observed between
the normal and plaque groups (Figure 1d-A), but the density of
these macrophages present in the media and intima (plaque)
was significantly higher in the plaque group than normal group
(Figure1d-B, C). CD11c+ macrophages were observed in the intima
(plaque) but not in PCAT and media and their density in the intima
(plaque) was significantly higher in the plaque group (Figure 1d-C).

OxLDL+ Macrophage phenotypes

Approximately, a half of the CD68+ macrophage population and
about a quarter of CD206+ population contained oxLDL in PCAT, but
there was no significant difference in oxLDL occurrence between
the normal and plaque groups. CD68+ and CD11c+ macrophages
in plaques more frequently contained oxLDL than CD206+

macrophages.

Differences in the changes of EEL and IEL between normal and plaque groups
In the normal group, EEL was wavy and continuously arranged
arrowheads in (Figure 2a -A). IEL was wavy and its plates were
almost continuously arranged in series arrow in (Figure 2a
-A). Contrastingly, in the plaque group, EEL was fragmented
(arrowheads in (Figure 2a -B) and IEL was frequently disrupted
asterisk in (Figure 2a -B). The incidence of loosened or fragmented
portions in EEL and disrupted portions in IEL was significantly
higher in the plaque group than in the normal group (Figure 2b -A,
Figure 2c -A).

Migration of OxLDL+ macrophage phenotypes through
EEL and IEL

Because FITC stains collagens and elastin, collagen and elastin
fibers, and accordingly EEL and IEL exhibit green fluorescence,

macrophages were identified by their amoebic configuration and
existence of the nucleus in them (Figure 3). macrophage phenotypes
passing through fragmented EEL (A – A2) and disrupted portion
of IEL (B – B-2). The pseudopods of the macrophages directed
toward the media (arrows in (Figure3 - A- A-2) and intima (arrows
in (Figure 3-B–B-2), respectively. The incidence of oxLDL+ CD68+
and CD206+ macrophage passing through EEL was more frequent
in the plaque group than in the normal group (Figure 2b-B). OxLDL+
CD11c+ macrophages that passing through EEL was not observed
(Figure 2b-B).

Figure 2: Loosened or Fragmented External Lamia (EEL), Disrupted Internal Elastic Lamina (IEL) and Oxidized Low-density+ (OxLDL+) Macrophage
Phenotypes Passing Through EEL or IEL
Figure2a: 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 wide disruption in IEL (asterisk). Arrow: residual IEL. EEL is fragmented (arrowheads). I: Intima (plaque). M: Media. Scale bars =
20 µm.
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The incidence of oxLDL+ CD68+ and oxLDL+CD206+macrophages
passing through disrupted portions of IEL was also higher in

the plaque group than in the normal group. OxLDL+ CD11c+
macrophages were also observed in the plaque group (Figure 2c-B).

Figure 2b: Incidence of Loosened or Fragmented EEL and OxLDL+ Macrophages Passing Through EEL
n: number of samples examined. One normal and plaque sample, respectively, was obtained from each autopsy subject.
a) Number of loosened or fragmented portions across the entire circumference of EEL was counted. The incidence of loosened or fragmented
portions is significantly higher in the plaque group.
b) Number of oxLDL+ CD68+ and oxLDL+ CD206+ macrophages that pass through EEL is significantly higher in the plaque group. OxLDL+CD11c+
macrophages are not found. SD: Standard Deviation. ** p<0.01. *** p<0.001.

Figure 2c: Disrupted Portions in IEL and OxLDL+ Macrophage Phenotypes Passing Through IEL n: number of samples examined. One normal and
plaque, respectively, was obtained from each autopsy subject.
a) Number of disrupted portions across the entire circumference of IEL. Number of disrupted portions is significantly higher in the plaque group
than in the normal group.
b) Number of oxLDL+ macrophage phenotypes passing through IEL. OxLDL+ CD68+ and oxLDL+ CD206+ macrophages as well as oxLDL+ CD11c+
macrophages are observed. The number of such macrophage phenotypes is significantly higher in the plaque than in the normal group. **p<0.01.
***p<0.001.

Electron microscopy of macrophage-like cells passing
through IEL
Cells that were amoebic in configuration, characteristic of

macrophages, and had only began to pass through protruding
pseudopod into the intima (Figure 4-A) or had been traversing
through the disrupted portion of IEL (Figure 4-B) were observed
using an electron microscope.
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Figure 3: OxLDL-containing Macrophage Phenotypes Passing Through EEL and IEL.
A–A-2: OxLDL+ CD206+ macrophages protruding pseudopod(arrows) and passing through fragmented portion of EEL(between yellow arrowheads).
B–B-2: OxLDL+ CD206+ macrophages protruding pseudopod (arrows) and passing through the disrupted portions (white arrowhead) of IEL (yellow
arrowheads). M: Media. I: Intima. Scale bars = 5 µm.

Figure 4: Electron Microscopic Examination of Macrophage-like Cells Which are Ameboid in Configuration and passing Through the Disrupted
Portion of IEL
a) A macrophage-like cell which is amoeboid in configuration (arrows) and is just extending pseudopod (arrowhead) through the disrupted portion
of IEL into the intima (I).
b) A macrophage-like cell which is ameboid in configuration (arrow) that has almost traversed the disrupted portion of IEL protruding pseudopod into
the intima (arrowhead). IEL: Internal Elastic Lamina. I: intima. M: media. SMC: Smooth Muscle Cell. Scale bars = 10 µm.

Discussion
OxLDL+ Macrophage Phenotypes in PCAT
Storage of oxLDL was observed in PCAT not only in the
plaque group but also in the normal group, indicating that oxLDL
storage begins before atherosclerosis development. Percentages
of oxLDL+CD68+ and oxLDL+CD206+ macrophages in PCAT were
not different between the normal and plaque groups, indicating
that oxLDL containing capacity of these macrophages was not

influenced by the presence or absence of plaques in the adjacent
coronary intima.

OxLDL+ Macrophage Phenotypes in the Intima

In the plaque, the percentage of oxLDL+ macrophage phenotypes was significantly higher than that in the intima of normal
group. Their accelerated migration through the EEL and IEL is considered to be the reason for this difference.
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Mechanism(s) for Damages in EEL and IEL
Fragmented EEL and disrupted IEL were frequently observed
in the coronary segments with plaques (plaque group). There are at
least three possible mechanisms for such changes:

a) Plaques induce distension of EEL or IEL and subsequently damage them. In a normal coronary artery, IEL is composed of elastin plates in series, which are connected side by side with thin
filaments, and the space between the plates is within 5 µm [18].
Probably, the filaments connecting IEL plates were disrupted
and the plates were separated owing to plaque distension.
b) Because EEL and IEL are composed mainly of elastin, elastases
that were diffused from the lumen or adventitia eventually damaged EEL and IEL [19].
c) Macrophages excreted cytokines during invasion and caused
EEL and IEL damage [20,21].

Migration of OxLDL+ Macrophage Phenotypes through
EEL and IEL
The incidence of invasion of oxLDL+ macrophage phenotypes
through EEL and IEL increased in the plaque group, suggesting that
their influx into the intima contributed to plaque formation. EEL
and IEL lost their function as a mechanical barrier, and may have
enhanced macrophage migration.

Direction of crawling of OxLDL+ Macrophages

Ameba and amoeboid cells such as white blood cell and macrophages protrude a pseudopod forward, retracts the pseudopod,

change body shape and crawls, indicating that the pseudopod
shows the direction of crawling [22-25]. In this study, oxLDL+ macrophage phenotypes in the loosened EEL 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.

Macrophage Transformation

There are a number of macrophage phenotypes. Among
them, M1-macrophages(CD11c+ macrophages) are considered
as atherogenic and M2-macrophages (CD206+ macrophages) are
considered as anti-atherogenic, mostly based on the findings in
animals or cultured cells [26]. In our study, CD11c+ macrophages
were not found in PCAT, adventitia and media, but were found at
the site of disrupted IEL, suggesting that CD68+ and/or CD206+
macrophages were switched over to CD11c+ macrophages while
passing through IEL. In the present study, not only CD11c+ but also
CD206+ macrophages frequently contained oxLDL. This finding
suggested that CD11c+ and CD206+ macrophages (so-called M1and M2-macrophages, respectively) are not well differentiated with
respect to oxLDL carriage. Switching of M2 - to M1 -macrophages seen
in animals, [27] might have occurred in human macrophages during
migration; or because those macrophages may have possessed both
M1 and M2 characters, and the potency of these characters changed
while passing through IEL. Further studies are necessitated to
clarify the role of individual macrophage phenotypes, including
the subtypes of M1-macorphages and M2-macropahges [28], with
regard to oxLDL carriage.

Possible mechanisms for underlying migration of OxLDL+ macrophages phenotypes from PCAT to the Intima

Figure 5: Schematic Representation of the Mechanism of OxLDL-containing (oxLDL+) Macrophage Migrating from the Pericoronary Adipose Tissue
(PCAT) into the Intima Through External (EEL) and Internal Elastic Laminae (IEL).
CD68+ or CD206+ macrophages in PCAT acquired oxLDL from adipocytes, moved to adventitia, passed though loosened or fragmented portions of
EEL into the media, and subsequently passed through disrupted portions of IEL, whereas a portion of such a macrophage population transformed
into CD11c+ macrophages, entered into the intima and secreted cytokines [4,7] to induce atherosclerosis [1]. EC: Endothelial Cell. MPO:
Myeloperoxidase. HOCL: Hypochlorous Acid. MMP: Matrix Metalloprotease.
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Based on the findings of the present study and previously reported articles by other investigators [1,4], we propose a possible
mechanism for human coronary atherosclerosis. The oxLDL stored
in PCAT is transferred to CD68+ and/or CD206+ macrophages that
reside in the interstitial space between adipocytes; oxLDL+ CD68+
and /or oxLDL+ CD206+ macrophages pass through the adventitia and loosened or fragmented EEL into the media; Subsequently, these macrophages pass through the disrupted portions of IEL,
while a part of them transform into CD11c+ macrophages, and enter
into the intima; these oxLDL+ macrophage phenotypes thus enter
into the intima, release a number of cytokines [1,4,7] and cause atherosclerosis (Figure 5).

Study Limitations
1.

2.
a)

b)
c)

Because a majority of the patients were admitted for a serious
condition at terminal stage, lipid plasma levels and other substances examined at this stage were not considered to reflect
the levels during stable conditions, therefore it was difficult to

oxLDL+ macrophages could suppress coronary atherosclerosis.
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