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Abstract

We performed a morphological characterization of intimal thickenings in coronary arteries in the very early stages of life to obtain
insights into initial coronary atherogenesis. We examined specimens from 67 infants who had died of noncardiac causes within
their first year of life. Serially cut sections were stained with hematoxylin-eosin, Azan, Alcian blue, acetic orceine, and immuno-
typified for CD68, CD34, and a-smooth muscle (SM) actin. Substantial changes were detected in about | of 3 participants. Altera-
tions ranged from focal areas with mild myointimal thickening to diffuse moderate thickening. In those lesions, smooth muscle
cells (SMCs) showed loss of polarity, infiltrating the subendothelium, mostly with rupture of the internal elastic lamina and without
neoangiogenesis. Morphometrically, in musculoelastic intimal thickenings, neointimal thickness averaged 58.3 + 17.8 um, affecting
46% of the internal elastic membrane perimeter; lumen stenosis averaged 13.7% + 5.0%. These lesions can be present very early

in life and SMCs seem to play an essential role.

Keywords

coronary artery, early atherosclerosis, smooth muscle cells, subintimal thickening

Introduction

In 1953, the medical community was surprised when Enos,
Holmes, and Byer described the occurrence of grossly visible
lesions in the coronary arteries of young U.S. soldiers killed
in the Korean war,' although Zeek had already concluded in
1930 that arteriosclerosis may occur at any age.”

Traditionally, fatty streaks have been considered the initial
manifestation of atherosclerosis, because they represent the
earliest lipid-containing lesion.? Fatty streaks consist of extra-
cellular lipids with scattered macrophages, which differ from
lesions found in early xanthelasmata of familial hypercholes-
terolemia or in cholesterol-fed rabbits.®> Napoli et al*> have
documented that fatty streak formation may begin in fetal life,
being greatly favored by maternal hypercholesterolemia during
pregnancy. In fact, in the Fate of Early Lesions in Children
(FELIC) study, they found that maternal hypercholesterolemia
induces changes in the fetal aorta that determine the long-term
susceptibility of children to fatty streak formation and subse-
quent atherosclerosis.’

Ikari et al® evaluated the time course of formation of intimal
thickening, limited to the proximal left anterior descending cor-
onary artery, in 91 autopsies of participants aged between 17
weeks’ gestation and 23 months after birth. They suggested that
coronary intimal cells migrated after replication of medial smooth
muscle (SM), as seen in models of carotid artery balloon injury.°

However, the initial sequence of events in the development
of atherosclerosis in the coronary tree is still debated, as other
investigators subscribe to a different view, with initial lesions
of coronary arteries being characterized by proliferation of inti-
mal smooth muscle cells (SMCs), which would cause intimal
thickening prior to any evidence of visible lipid deposition.”'*

Intimal thickening consists primarily of proliferation of
SMCs that are strongly o-actin positive, surrounded by a
proteoglycan-rich matrix, while macrophages are rarely
detected. These lesions are most prominent at branch points.
Consistent with the hypothesis that SMC proliferation is a key
event in atherosclerosis is the observation that in adult athero-
sclerotic plaques SMCs are characterized by specific changes
in gene expression and chromosomal alterations.'>™'®

If intimal thickening is an initial event, and yet frank ather-
osclerotic lesion are already present at a very young age, one
should expect to see intimal thickening already evident at very
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early stages of life. Indeed, Rapola and Pesonen'? first reported
occurrence of lesions resembling preatherosclerotic changes in
coronary arteries of autopsied babies; they described intimal
and medial changes, with SMC proliferation leading to thick-
ening of the arterial wall.'"” Subsequently, coronary intimal
proliferations were observed in 95% of an autopsy series of
infants between 1 and 5 years.?® These reports are consistent
with the hypothesis that intimal thickening is an early event.
Accordingly, Nakashima et al?! reported that diffuse intimal
thickening develops from an early age in human arteries before
atherosclerosis evolves, and they suggested that it plays an
important role in atherogenesis. Thereafter, in 2007, they
demonstrated that fatty streaks develop following deposition
of lipids and proteoglycans in the outer layer of preexisting dif-
fuse intimal thickening.”* These findings were considered
pathological intimal thickenings and the key to understanding
early plaque progression in atherosclerotic disease.”

However, description of intimal thickenings in the first few
months of life and their detailed morphometric assessment is
lacking.

The aim of the current study was to systematically look for
possible occurrence of intimal thickening in coronary arteries
in the very early stages of life and to perform a morphologic-
morphometric characterization. To this goal, we studied
autopsy material of infants who had died in their first year of
life with no evidence of structural heart disease.

Methods
Population

We examined 67 hearts obtained from infants who had died
between 1 day and 12 months of age and in whom autopsy had
excluded structural heart disease (see Results). Only cases
where pregnancy had been without complications were evalu-
ated. Cases in whom the mother had any known disease, or his-
tory of drug or alcohol abuse during pregnancy, were excluded.
Written informed consent was obtained from parents by the
Coroner’s office (Buenos Aires, Argentina) before performing
the autopsy.

Sample Handling

Autopsies were performed within 6 to 18 hours from death.
Hearts were fixed in toto by 48 hours immersion in 10% buf-
fered formaldehyde (pH 7). The major epicardial coronary
arteries were isolated along their entire length and excised
transversely to their longitudinal axis, in segments approxi-
mately 3 to 4 mm long. Segments were dehydrated, embedded
in paraffin blocks, and serially cut at 3-um thickness. Sections
were stained with hematoxylin-eosin and Heidenhain tri-
chrome (Azan) for plain histological examination, Alcian
blue (at pH 0.5 and 2.5) for acid mucopolysaccharides detec-
tion, acetic orceine for elastic fibers identification, or pro-
cessed according to specific immunocytochemical methods
(see below).
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Figure |. Epicardial coronary artery (left anterior descending
branch) with musculoelastic thickening. A, Perimeter affected of the
IEM. B, Internal perimeter of the lesion. C, Luminal area. D, Area of
neointimal proliferation. Mallory trichrome x40. |IEM indicates
internal elastic membrane.

Morphometric Study

Tissue histomorphometric analysis and planimetry were per-
formed using a Nikon Eclipse E400 microscope and an image
analysis program (Image Pro Plus for Windows, v3). Sections
were magnified and digitized, lumen area and plaque area
measured, and percentage luminal stenosis calculated. Intimal
proliferation was defined®® as musculoelastic thickening char-
acterized by intimal proliferation of SMCs within a split and
fragmented internal elastic membrane, and with evidence of
further deposition of collagen and elastin (Figure 1). Neointi-
mal thickness and total perimeter of the internal elastic lamina
affected by neointimal proliferation were also measured
(Figure 1). “Loose fibrous plaques” were defined as focal raised
lesions consisting of an intimal SMC proliferation enmeshed in a
connective tissue matrix.?

Immunocytochemical Study

Immunophenotyping of cells present in vessels was performed
with monoclonal antibodies to identify lymphocyte subsets
(T cells: CD45RO, Biogenex, San Ramon, California; B cells:
CD20, Dako Co; cytotoxic/suppressor: CD8, Dako Co (Dako
Corporation, Santa Barbara, CA, USA); helper/inducer: OPD4,
Biogenex); macrophages (CD68, Dako Co); endothelial cells
(CD31, CD34, Biogenex; factor VIII, Ylem-Milano Milan,
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Table I. Causes of Death

n Male Female Cause of death

Anencephalia

Anoxic encephalopathy
Traumatic brain injury
Meningitis

Pneumonia

Sudden infant death syndrome

VNN WONN
NN —DNDAMADN
Vo ——nNO

Italy); and SMCs (a-SM-actin; antimouse o-actin monoclonal
antibody concentrated MU128-UC clon 1A4, Biogenex). Detec-
tion systems were (1) streptavidin-biotin-peroxidase and/or alka-
line phosphatase (Biogenex) and (2) Dako enhanced polymer
one-step staining (EPOS) (Dakopatts, Carpinteria, California).
When double immunostaining was required, EPOS System, a
single step with peroxidase-conjugated primary antibodies was
performed, followed by a second detection with streptavidin-
biotin-alkaline phosphatase. Development of peroxidase reac-
tion was carried out with 3,3-diaminobenzidine and Fast Red,
to visualize alkaline phosphatase reactions; the first antigen
stained brown and the second bright red. Negative controls were
run simultaneously.

Statistical Analysis

Data are expressed as mean + SD or median and interquartile
range (IQR), as appropriate. Histologic results were compared
by 2-tailed unpaired ¢ test. Nonparametric statistics were per-
formed using the Mann-Whitney test. A P <.05 was considered
significant. Analyses were performed using Statistics version 7.

Results
Population

Sixty-seven cases were studied (29 females and 38 males), 90
(60-210) days of age (median, IQR). A specific cause of death
was established in 15 cases (22.4%); the remaining infants
were assumed to have died because of sudden infant death syn-
drome (SIDS; Table 1).

Morphometric Study

Morphometric data are detailed in Table 2. One or more altera-
tions of coronary arteries were observed in 24 cases (35.3%).
Median age was 105 days (IQR 83-210) in cases with positive
coronary artery specimens and 90 days (IQR 30-240) in cases
with morphologically normal coronary arteries. This difference
was not significant. Of note, 12.5% of specimens from <30
days old babies already showed positive for lesions.

Alterations ranged from mild to moderate myointimal thick-
ening. No specific distribution pattern was apparent, although
when intimal thickening was present, the left anterior descend-
ing coronary artery was always involved to some extent.

In most cases, alterations were represented by rather
diffuse musculoelastic intimal thickening (Figure 2). In some
cases, thickening was localized, appearing like a cushion (Fig-
ure 3A). The subendothelial connective tissue was infiltrated to
a variable extent by SMCs, monocytes, and amorphous depos-
its; lymphocytes were rare. Smooth muscle cells showed loss of
polarity and tended to form columns perpendicular to the axis
of the media and to infiltrate the subendothelial connective tis-
sue, mostly with rupture of the internal elastic membrane (Fig-
ure 3B). Increased amounts of mucoid ground substance were
also frequently observed. The endothelium was morphologi-
cally intact, and its surface smooth and devoid of thrombi. In
1 case, a loose fibrous plaque was found to be obstructing the
lumen by 50%.

In some cases (Figure 4), fragmentation of the internal elas-
tic membrane and of the elastic fibers of the media was evident;
areas of focal thinning were also present in the media, particu-
larly evident at sites of greater SMC proliferation. Smooth
muscle cells lost their polarity, with their long axis perpendicu-
lar to the media and migrating into the subendothelial tissue.
The endothelium was morphologically preserved and no
thrombi could be observed.

As intermingled lesions with components of both categories
were frequently observed, musculoelastic intimal thickening
and nonstenotic plaques were considered together for the mor-
phometric assessment (Table 2). In these cases, lumen stenosis
averaged 13.7% +/— 5.0%, and 45.6% of the internal elastic
membrane’s perimeter was involved.

Immunocytochemical Study

Macrophages (CD68) were at times detected at the intimal bor-
der of the lesions, penetrating the endothelium; however, no
macrophages were seen within the lesions. Monocytes and/or
foam cells were present in very low numbers (ie, <2 per
%400 magnification field); B lymphocytes were also rare (ie,
<2 per field). Neoangiogenesis (CD31/CD34) was not
detected.

Discussion

This study shows that vessel alterations consisting of muscu-
loelastic thickening of the intima of coronary arteries are
already detectable in babies and infants <1 year old.

It has been previously reported that infants in their first 6
months of life may often show macrophages filled with lipid
droplets accumulating in segments of coronary arteries”*; these
lesions can be found in about 2 of 3 adolescents.” Those obser-
vations indicate that lipid accumulation is an early phenom-
enon. However, aside from this specific change—which takes
place mostly in the media—the intima of coronary arteries may
also undergo early changes, which may become manifest even
before the appearance of foam cell accumulations.

Proliferation of SMCs and its attendant subintimal thicken-
ing has long been assumed to be a benign, “adaptive” change
of vessel wall accompanying growth. The fact that they are
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Table 2. Morphometric Data of Coronary Arteries Affected by Preatherosclerotic Lesions

Neointimal % perimeter Area of neointimal

thickness (um) affected IEM proliferation (mm?) % stenosis

583 + 178 456 + 12.0 0.029 + 0.01 13.7 + 5.0% Musculoelastic intimal thickening and nonstenotic
fibrous plaques (n = 22)

1514 + 17.3 438 + 11.0 0.076 + 0.03 37.4% Fibrous plaque (n = 2)

NOTE: IEM = internal elastic membrane.

almost universally present in human arteries and show a well-
organized structure has led the American Heart Association to
consider intimal thickening at the site of vascular bifurcations
as a normal finding.>* Nevertheless, it is still debated whether
these findings might represent an intermediate condition
between normality and lipid/foam cell accumulation, being
in other words, the initial step in the progression of athero-
sclerosis. In this respect, it should be noted that branch bifur-
cations are also the sites of preferential development of
atherosclerotic plaques.?* In addition, lipid deposition has
been described at sites of underlying subintimal thickening
and provides evidence that there is a progression toward
atherosclerotic lesions.” At these stages, these findings are
no longer considered normal and the term pathological inti-
mal thickening would be used.*® Finally, SMCs’ monoclonal-
ity found in atherosclerotic lesions speaks in favor of its early
origin 6:16:17:25

Little information is available about the possible course of
development of human coronary artery atherosclerosis. Most
data have been obtained in human aortas or in experimental
models. In the peculiar condition of coronary disease develop-
ment in transplanted hearts, Davies and al-Tikriti*® defined a
first stage characterized by intimal hyperplasia and disruption
of the internal elastic lamina; the second stage is the migration
of SMCs from the media into this thickened intima; the third
stage is represented by the deposition of lipids, eventually
resulting in atheroma. In this view, thickening may be a prere-
quisite for retention and accumulation of lipids and thus for
plaque formation,** although if lipoprotein concentration is
particularly high, macrophage/foam cells and lipids accumu-
late and plaques may also develop at sites without previous
thickening.

Previous Observations

127 122

Virmani et al“’ and Nakashima et al™ had already attracted
attention to the fact that coronary intimal thickening may be
an early pathological change, preceding lipid/macrophage
deposition. In a large series of 241 sudden death victims,
Virmani et al observed that whereas coronary lesions in parti-
cipants older than 50 years were richer of lipids and foam cells,
occurrence of intimal thickening tended to precede lipid/
macrophage deposition in “relatively young” participants
(ie, <50 years old).?” A younger cohort has more recently been
investigated by Nakashima et al.?* In 38 participants studied at
autopsy (ranging between 7 and 49 years old), they reported

Figure 2. Intima-medial thickness with subendothelial proliferation
of smooth muscle cells in an epicardial coronary artery of a patient,
who died at 2 months of age due to sudden infant death syndrome
(SIDS). Azan trichrome x40.

the earliest lesion in the arterial wall (defined as grade 0; see
Figures 4A and C of their paper®®) to be intimal thickening,
consisting of SMCs and extracellular matrix with little or no
accumulated lipids and a few macrophages in the superficial
layer. This picture is remarkably similar to Figures 2 and 3A
of the current article. Grades 1 and 2, instead, were character-
ized by extracellular lipid deposition in the outer intimal layer,
with macrophages being more numerous in the lesion as the
lipid deposition score increased.”? Of note, in the sections
showing severe lipid deposits, the distribution of apolipopro-
teins coincided with areas also positive for intimal proteogly-
cans.”?> Our findings obtained in an autopsy series of
noncardiac deaths that occurred in the first months of life
confirm and extend the observations of Virmani et al*’ and
Nakashima et al.*> Furthermore, having been carried out in
newborn babies and infants up to 12 months, they set earlier
in life the hypothesis put forward that ““ ... intimal thickening
may be the key to understanding early plaque progression in
human atherosclerotic disease.”?

Usually, fetal and infant arteries adjust to normal asymme-
tries in hemodynamic forces to maintain optimal flow/wall
stress at all points along the artery course.?®*° Indeed, Virmani
et al’® postulated that adaptive intimal thickening rapidly
occurs in most arteries once flow is established, in utero or soon
after birth. Therefore, it is not surprising that these arteries
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Figure 3. A, Epicardial coronary artery showing a loose fibrous plaque with a loose subendothelial connective tissue infiltrated with
proliferating smooth muscle cells. Inmunohistochemistry; anti-o-SMA x40. B, Same section as in A. Intima-medial thickness showing positivity
for a-actin. Coronary artery; anti-a-SMA x 100. SMA indicates smooth muscle actin.

Figure 4. A, Bifurcation of the anterior descending coronary artery, showing at the left the first diagonal branch. A loose fibrous plaque

partially occluding the artery lumen (50%) with large amounts of ground substance can be observed in the subendothelial connective tissue.
Remnants of fragmented elastic fibers are seen at this level. In some areas, splitting of the internal elastic membrane are pointed (arrows),
taken from a female of | | months of age, who died of sudden infant death syndrome (SIDS). Orceine x40. B, Right coronary artery giving rise
to the acute marginal branch (right) with its first segment severely obstructed. In the upper half of the vessel, intimal proliferation could be
observed (1), while in the lower half, a loose fibrous plaque is seen (3). An intermingled lesion is pointed out as (2). Between arrowheads, the
internal elastic membrane is severely interrupted and fragmented, taken from a male of 8 days of age, who died of traumatic brain injury.

Orceine x40.

normally have segments of varying thickness. Accordingly,
“thick segments” can be seen at and near bifurcations of
arteries and at the ostium of even small vessels, where they tend
to be focal and eccentric. A thick intima can also be found at
some sites that are not obviously related to a branch vessel
(Figure 5). It is also possible that an initially “adaptive” thick-
ening may evolve into a pathologic lesion. In accordance with
the response-to-retention hypothesis of atherogenesis,' the
earliest lesion would be the “diffuse intimal thickening” or
grade 0 of Nakashima et al** (ie, musculoelastic thickening
in the current paper). These proteoglycan-rich thickenings have
the ability to bind apoB-containing lipoproteins,®* thus

progressing to grade 1-2 lesion, or “fatty streaks’” or “patholo-
gic intimal thickening,”*’ and subsequently to the formation of
plaques with defined necrotic cores. Very recently, Mayr et al*?
have proposed an attractive explanation for the proathero-
sclerotic role of intimal thickening. They surmise that oxygen
diffusion is reduced in “thick” segments (because of increased
diffusion distance), to the point that this may trigger local
hypoxic damage and at the same time “compensatory’ neoan-
giogenesis in the adventitia.

The potential proatherosclerotic role of intimal thickening
already present very early in life must be viewed against (and
perhaps tempered by) the clinical observations, indicating that
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Figure 5. Longitudinal section of an anterior descendent coronary
artery from a male of 10 months of age, showing its bifurcation in the
first diagonal branch. Of note, the branch site is devoid of intimal
thickening, while the arrowhead points out a thick segment far from
the bifurcation. Masson trichome x45.

ischemic symptoms may only occur many decades afterward,
or not at all. Future studies will be needed to understand this
discrepancy and/or to ascertain whether these lesions may
regress, or stop progressing and be functionally minimized,
through arterial remodeling and apoptosis.?’~>

This proposed course of events attaches particular impor-
tance to SMCs and proteoglycans in atherogenesis as early
players, followed by lipids and later by macrophages. In our
series, virtually all specimens showing alterations were charac-
terized by prominent proliferation of SMCs. It is well known
that SMCs play a central role in established atherosclero-
sis,'”'® as they represent 50% of the cellular components of
chronic plaques and nearly 90% in early plaques.*> Migration,
proliferation, and differentiation of SMCs are pathological
responses to different injuries (ie, vascular risk factors), which
may contribute to the development and progression of early
atherosclerotic lesions,'* possibly reinstating their embryonic
gene expression programs>-"; it is conceivable that cytokines
and other inflammatory mediators activate transcription factors
such as nuclear factor-kB, or protooncogenes such as c-fos and
c-myc, which regulate the expression of genes involved in the
inflammatory/proliferative response of preatherosclerotic
lesions.>**® Consistent with this view, we have recently
observed in coronary arteries of infants that SMCs present in
the media do show c-fos gene activation,®’ suggesting that c-fos
overexpression may promote proliferation, as evidenced by
proliferating cell nuclear antigen-positive cells.

Study Limitations

Because specimens were collected from forensic autopsies, it
was not possible to perfuse-fix the arteries at physiologic

pressure. For the same reason, it was not possible to obtain a
complete clinical record of familial diseases or the genetic
background.

In conclusion, intimal thickening is common in coronary
arteries in the first months of life. Smooth muscle cells seem
to play an essential role in these lesions, as they were character-
ized by SMC proliferation and migration from the media to the
intima. These findings support the hypothesis that myointimal
thickening can be an early event in the process of human cor-
onary artery atherosclerosis.

Authors’ Note

This work has been performed as part of a Framework Agreement
between the Division of Cardiology, University of Perugia, Perugia,
Italy, and the Instituto de Investigaciones Cardiologicas ““Alberto C.
Taquini,” University of Buenos Aires, Buenos Aires, Argentina.

Declaration of Conflicting Interests

The authors declared no conflicts of interest with respect to the
authorship and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the
research and/or authorship of this article: This study received financial
support from PIP 6549, CONICET and UBACYT MO052, University
of Buenos Aires, Argentina, and from Istituto S. Paolo, Turin, Italy.

References

1. Enos WF, Holmes RH, Beyer J. Coronary disease among United
States soldiers killed in action in Korea. Preliminary report. J Am
Med Assoc. 1953;152(12):1090-1093.

2. Zeek P. Juvenile arteriosclerosis. Arch Pathol. 1930;10(10):
417-446.

3. Stehbens WE. The pathogenesis of atherosclerosis: a critical eva-
luation of the evidence. Cardiovasc Pathol. 1997;6(3):123-153.

4. Napoli C, D’Armiento FP, Mancini FP, et al. Fatty streak forma-
tion occurs in human fetal aortas and is greatly enhanced by
maternal hypercholesterolemia: intimal accumulation of low den-
sity lipoprotein and its oxidation precede monocyte recruitment
into early atherosclerotic lesions. J Clin Invest. 1997;100(11):
2680-2690.

5. Napoli C, Glass CK, Witztum JL, Deutsch R, D’Armiento FP,
Palinski W. Influence of maternal hypercholesterolemia during
pregnancy on progression of early atherosclerotic lesions in child-
hood: Fate of Early Lesions in Children (FELIC) study. Lancet.
1999;354(9186):1234-1241.

6. Ikari Y, McManus BM, Kenyon J, Schwartz SM. Neonatal intima
formation in the human coronary artery. Arterioscler Thromb
Vasc Biol. 1999;19(9):2036-2040.

7. Davies H. Atherogenesis and the coronary arteries of childhood.
Int J Cardiol. 1990;28(3):283-291.

8. Giordano A, Matturri L. Le role des mucopolysaccharides dans
I’athérosclérose. Acta Cardiol. 1965;Suppl 11:109-129.

9. Meyer WW, Lind J, Yao AC, Kauffman SL. Early arterial lesions
in infancy and childhood and ways of prevention. Paediatrician.
1982;11(3-4):136-156.

Downloaded from ang.sagepub.com by Roberto Guerri-Guttenberg on September 7, 2010


http://ang.sagepub.com/

356

Angiology 61(4)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Minkowsky WL. The coronary arteries of infants. Am J Med Sci.
1947;214(6):617-622.

Pesonen E. Preliminary and early stages of atherosclerosis in
childhood. Zentralbl Allg Pathol. 1989;135(6):545-548.
Schornagel HE. Intimal thickening in the coronary arteries in
infants. Arch Pathol. 1956;62(6):427-432.

Velican D, Velican C. Study of loose fibrous plaques occurring in
the coronary arteries of children. Atherosclerosis. 1979;33(2):
201-215.

Matturri L, Lavezzi AM, Ottaviani G, Rossi L. Intimal preathero-
sclerotic thickening of the coronary arteries in human fetuses of
smoker mothers. J Tromb Haemost. 2003;1(10):2234-2238.
Fernandez Alonso G, Grana D, Turconi P, et al. Proliferative
activity and chromosomal alterations of smooth muscle cells in
atherosclerosis. Medicina (Bs Aires). 2000;60(5 pt 1):595-601.
Lavezzi AM, Milei J, Grana DR, Flenda F, Basellini A,
Matturri L. Expression of c-fos, p53 and PCNA in the unstable
atherosclerotic carotid plaque. Int J Cardiol. 2003;92(1):59-63.
Matturri L, Cazzullo A, Turconi P, et al. Chromosomal alterations
in atherosclerotic plaques. Atherosclerosis. 2001;154(3):755-761.
Milei J, Parodi JC, Fernandez Alonso G, et al. Carotid rupture and
intraplaque hemorrhage: immunophenotype and role of cells
involved. Am Heart J. 1998;136(6):1096-1105.

Rapola J, Pesonen E. Coronary artery changes in newborn babies.
A histological and electron microscopical study. Acta Pathol
Microbiol Scand A. 1977;85(3):286-296.

Angelini A, Thiene G, Frescura C, Baroldi G. Coronary arterial
wall and atherosclerosis in youth (1-20 years): a histologic study
in a northern Italian population. Int J Cardiol. 1990;28(3):361-370.
Nakashima Y, Chen YX, Kimukawa N, Sueishi K. Distributions
of diffuse intimal thickening in human arteries: preferential
expression in atherosclerosis-prone arteries from early age. Virch-
ows Arch. 2002;441(3):279-288.

Nakashima Y, Fujii H, Sumiyoshi S, Wight TN, Sueishi K. Early
human atherosclerosis. Accumulation of lipid and proteoglycans
in intimal thickenings followed by macrophage infiltration. Arter-
ioscler Thromb Vasc Biol. 2007;27(5):1159-1165.

Kolodgie FD, Burke AP, Nakazawa G, Virmani R. Is pathological
intimal thickening the key to understanding early plaque progres-
sion in human atherosclerotic disease? Arterioscler Thromb Vasc
Biol. 2007;27(5):986-989.

Stary HC. Lipid and macrophage accumulations in arteries of
children and the development of atherosclerosis. Am J Clin Nutr.
2000;72(5 suppl):1297S-1306S.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Murry CE, Gipaya CT, Bartosek T, Benditt EP, Schwartz SM.
Monoclonality of smooth muscle cells in human atherosclerosis.
Am J Pathol. 1997;151(3):697-705.

Davies H, al-Tikriti S. Coronary arterial pathology in the trans-
planted human heart. Int J Cardiol. 1989;25(1):99-117.

Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM. Les-
sons from sudden coronary death: a comprehensive morphologi-
cal classification scheme for atherosclerotic lesions. Arterioscler
Thromb Vasc Biol. 2000;20(5):1262-1275.

Robertson JH. Stress zones in foetal arteries. J Clin Pathol.
1960;13:133-139.

Stary HC, Blankenhorn DH, Chandler AB, et al. A definition of
the intima of human arteries and of its atherosclerosis-prone
regions. A report from the Committee on Vascular Lesions of the
Council on Arteriosclerosis, American Heart Association. Circu-
lation. 1992;85(1):391-405.

Virmani R, Burke AP, Kolodgie FD, Farb A, Finn AV, Gold H.
Pathology and pathophysiology of coronary atherosclerotic pla-
ques. In: Schoepf UJ, ed. CT of the Heart. Principles and Appli-
cations. New Jersey: Humana Press; 2005:351-364.

Williams KJ, Tabas 1. The response-to-retention hypothesis or
early atherogenesis. Arterioscler Thromb Vasc Biol. 1995;15(5):
551-561.

Mayr M, Sidibe A, Zampetaki A. The paradox of hypoxic and oxi-
dative stress in atherosclerosis. J Am Coll Cardiol. 2008;51(13):
1266-1267.

Glagov S, Zarins C, Giddens DP, Ku DN. Hemodynamics and
atherosclerosis: insights and perspectives gained from studies of
human arteries. Arch Pathol Lab Med. 1988;112(10):1018-1031.
Katsuda S, Boyd HC, Fligner C, Ross R, Gown AM. Human ather-
osclerosis I1I: immunocytochemical analysis of the cell composi-
tion of lesions of young adults. Am J Pathol. 1922;140(4):907-914.
Bochaton-Piallat ML, Ropraz P, Gabbiani F, Gabbiani G. Pheno-
typic heterogeneity of rat arterial smooth muscle cell clones:
implications for the development of experimental intimal thicken-
ing. Arterioscler Thromb Vasc Biol. 1996;16(6):815-820.
Thyberg J, Blomgren K, Hedin U, Dryjski M. Phenotypic modu-
lation of smooth muscle cells during the formation of neointimal
thickenings in the rat carotid artery after balloon injury: an
electron-microscopic and stereological study. Cell Tissue Res.
1995;281(3):421-433.

Milei J, Ottaviani G, Lavezzi AM, Grana DR, Stella I, Matturri L.
Perinatal and infant early atherosclerotic coronary lesions. Can J
Cardiol. 2008;24(2):137-141.

Downloaded from ang.sagepub.com by Roberto Guerri-Guttenberg on September 7, 2010


http://ang.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


