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We recently demonstrated that neointima formation
of adult heterozygous apolipoprotein E (apoE™’ ™) off-
spring from hypercholesterolemic apoE~’~ mothers
was significantly increased as compared with geneti-
cally identical apoE*’~ offspring from normocholes-
terolemic wild-type mothers. Since atherosclerosis is
the consequence of a complex microenvironment
and local cellular interactions, the effects of in utero
programming and type of postnatal diet on epigenetic
histone modifications in the vasculature were studied
in both groups of offspring. An immunohistochemi-
cal approach was used to detect cell-specific histone
methylation modifications and expression of accom-
panying lysine methyltransferases in the carotid ar-
teries. Differences in histone triple-methylation mod-
ifications in vascular endothelial and smooth muscle
cells revealed that the offspring from apoE~/~ moth-
ers had significantly different responses to a high
cholesterol diet when compared with offspring from
wild-type mothers. Our results suggest that both in
utero programming and postnatal hypercholesterol-
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emia affect epigenetic patterning in the vasculature,
thereby providing novel insights regarding initiation
and progression of vascular disease in adults. (4m J
Patbol 2010, 176:542-548; DOI: 10.2353/ajpath.2010.090031)

An increasing amount of epidemiological and pathologi-
cal evidence has been provided that indicates that an
adverse maternal environment during embryonic devel-
opment is correlated with an increased risk for cardio-
vascular disease in the offspring during adulthood.” The
“fetal origins hypothesis” postulated by Barker? proposes
that adaptation to an adverse maternal environment is
favorable to the developing embryo. However, when the
adult surroundings differ from the fetal setting, these fetal
adaptations may lead to an increased disease risk. Intra-
uterine exposure to maternal hypercholesterolemia has
been reported to enhance fatty streak formation in the
vasculature of adult humans, as well as lesion size in
aortas of fetuses from hypercholesterolemic mothers, as
compared with fetuses from normocholesterolemic moth-
ers.® After birth, lesion progression remained accelerated
in these children in relation to children from normocho-
lesterolemic mothers.*
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In a recent animal study, we were able to demonstrate
that maternal hypercholesterolemia and associated risk
factors caused by maternal apolipoprotein E-deficiency
(apoE ™) induced susceptibility for neointima formation
in the offspring. Placement of a constrictive collar around
the left carotid artery of adult heterozygous apoE™’~ off-
spring from apoE ~/~ mothers resulted in extensive neo-
intima formation, in the presence of high cholesterol feed-
ing.® ApoE™~ offspring from wild-type mothers were
mainly nonresponders. In a separate study, we investi-
gated whether increased neointima formation still oc-
curred when offspring were fed a chow diet. We found
that, although less severe than in high cholesterol-fed
animals, intrauterine exposure to apoE-deficiency still re-
sulted in neointimal lesions, deposition of extracellular
matrix proteins, disorganization of smooth muscle cells
(SMCs), and increased adventitial macrophage content
after collar placement in chow-fed apoE*/~ offspring
from apoE /" mothers (Alkemade et al, unpublished
data). This strongly supported our previous findings and
hypothesis that atherosclerosis-susceptibility may be pro-
grammed within differentiating arteries during embryonic
and fetal development in apoE~/~ mothers. Subse-
quently, neointimal lesion development in adults is accel-
erated and aggravated by a high cholesterol diet. Be-
cause the heterozygous offspring used in these studies
were 100% genetically homogeneous, the observed dif-
ferences in atherosclerosis-susceptibility could well be
governed by epigenetic mechanisms.

Epigenetic mechanisms affect gene expression by
modification of the chromatin organization without chang-
ing the nucleotide sequence within a cell and can be
maintained during mitotic cell division into daughter cells.
The major targets for epigenetic histone modifications are
conserved amino acid residues located mainly in the
amino-terminal tails of histones H3 and H4. These post-
translational modifications include methylation, acety-
lation, phosphorylation, ubiquitination, and sumoylation,
and together they establish the “histone code.” Histone
methylation is thought to be the most stable of these
modifications (reviewed in 6). Especially lysine methy-
lation of histones along with DNA methylation establishes
the framework for long-term epigenetic maintenance of
gene transcription programs.” Triple-methylation of lysine
27 in histone H3 (3Me-K27-H3) by the accompanying
lysine methyltransferase EZH2 is an epigenetic modifica-
tion generally associated with gene silencing. Until re-
cently, triple-methylation of lysine 9 within histone H3
(BMe-K9-H3) by the lysine methyltransferase SUV39H1
was also thought to be a unique hallmark of gene silenc-
ing. However, Vakoc and co-workers® showed that 3Me-
K9-H3 is also present in transcribed regions of active
genes indicating that 3Me-K9-H3 may have a dual role. In
contrast to 3Me-K9-H3 and 3Me-K27-H3, triple-methyla-
tion of lysine 4 in histone 3 (by the lysine methyltrans-
ferase hSet1) is linked to active transcription.

We hypothesized that adverse factors associated with
maternal apoE deficiency alter histone lysine methylation
modification patterns in embryonic vascular endothelial
cells (ECs) and SMCs, and that these differences persist
into adulthood. An immunohistochemical approach was

Epigenetics and Atherosusceptibility 543
AJP February 2010, Vol. 176, No. 2

used to detect histone modification profiles and the pres-
ence of accompanying lysine methyltransferases in ca-
rotid arteries of adult apoE*/~ offspring from apoE /'~
mothers and apoE™/~ offspring from wild-type mothers.
Furthermore, to compare these profiles in normocholes-
terolemic and hypercholesterolemic offspring, we inves-
tigated histone modification expression in the absence
(chow) and presence of a high cholesterol diet. We show
that in utero programming highly influenced the response
of adult atherosclerosis-susceptible offspring to a post-
natal chow versus high cholesterol diet, as reflected by
distinct changes in histone methylation modifications in
vascular ECs and SMCs. These changes in histone meth-
ylation modifications within vascular cells point toward
underlying epigenetic mechanisms associated with in-
creased atherosclerosis-susceptibility and the effect of
hypercholesterolemia on neointima formation.

Materials and Methods
Mice

ApoE /" and wild-type C57BI/6J mice were purchased
from Charles River Laboratories, the Netherlands (import
agency for Jackson Laboratories). The apoE '~ and wild-
type mice were crossbred to generate genetically iden-
tical, female apoE ™~ offspring from apoE ™/~ as well as
from wild-type mothers. From weaning onwards, the
female offspring received a regular (chow) or a high
cholesterol, Western-type diet (1% cholesterol, Hope
Farms). Diet and water were provided ad libitum. The
Committee on Animal Welfare, Leiden University Med-
ical Center, Leiden, the Netherlands, approved all
animal experiments.

Tissue Harvesting

Non-collared 20-week-old female apoE*/~ offspring (n =
5 each group) from apoE~/~ and wild-type mothers were
anesthetized and the thoraces were opened.® The ca-
rotid arteries were dissected and perfused with PBS for 5
minutes and subsequently fixed for 6 hours in 4% para-
formaldehyde in 0.1 mol/L sodium phosphate buffer. Af-
ter fixation, the tissues were dehydrated in graded etha-
nol and xylene and paraffin-embedded. Transverse 5 um
sections were cut and serially mounted.

Immunohistochemistry

Unless indicated otherwise, immunohistochemistry was
performed as described earlier.>® Overnight incubation
at room temperature was performed with rabbit anti-tri-
methyl-histone H3 (Lys 27) (1:1000, Upstate, Lake Placid,
NY, Cat no. 07-449) and the accompanying lysine methyl-
transferase mouse anti-EZH2 (1:250, BD Biosciences,
Breda, The Netherlands, Cat no. 612267), rabbit anti-
trimethyl-histone H3 (Lys 9) (1:1000, Upstate, Cat no.
07-442) and its accompanying lysine methyltransferase
rabbit anti-SUV39H1 (1:1000, Abcam, Cambridge, UK,
ab38637), or rabbit anti-trimethyl-histone H3 (Lys 4) (1:
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1000, Upstate, Cat no. 07-473) and its accompanying
lysine methyltransferase rabbit anti-hSet1 (1:500, Bethyl
Laboratories, Montgomery, AL, Cat no. IHC-00171).

Goat anti-rabbit biotin conjugate (1:200, Vector Labo-
ratories) with normal goat serum diluted in PBS was used
as secondary antibody. For EZH2, the primary antibody
was coupled overnight to polyclonal rabbit anti-mouse
peroxidase conjugate (1:200, Dako, Denmark) second-
ary antibody.'® Sections were incubated for two hours at
room temperature. Biotin labeling was followed by incu-
bation with Vectastain ABC (Vector Laboratories). The
SUV39H1 signal was enhanced with a CSA kit (Dako),
3-8’ diaminobenzidine tetrahydrochloride was used for
visualization, and counterstaining was performed with
Mayer’s hematoxylin.

Statistical Analysis

In randomly selected sections (5 to 10 per carotid artery),
the number of ECs and SMCs that stained positively or
negatively for histone modifications or their associated
enzymes were counted for each antibody. The relative
numbers of positively stained cells are represented as
average = SEM. The data were analyzed using a linear
mixed model with a diet effect, maternal apoE-deficiency
effect and interaction effect, and a random intercept per

mouse. The analysis was performed using the Ime4 pack-
age (http.//cran.r-project.org/web/packages/Ime4, version
0.999375-32)"" in R (R, http://www.r-project.org). With
this approach we were able to take into account the
possible variation between individual mice. Tests for all
contrasts were performed using a x? likelihood ratio test.
To correct each test for multiple testing of several histone
modification sites we used Holm’s method.'? Test results
were considered to be significant if P < 0.05 after multi-
ple testing correction.

Results

Effects of Maternal Genotype on Epigenetic
Patterning in the Offspring Vasculature

To study the influence of maternal genotype on athero-
susceptibility in female chow-fed offspring on an epige-
netic level, we stained for histone methylation modifica-
tions (Figure 1, A-B, E-F, and |-J) or associated lysine
methyltransferase expression (see Supplemental Figure
S1, A-B and E-F at http://ajp.amjpathol.org). We subse-
quently quantified the relative number of intimal ECs or
medial SMCs that were positive for a specific modifica-
tion. This revealed that there were no statistically signifi-
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Figure 1. Histone methylation patterning after intrauterine exposure to maternal apoE-deficiency and postnatal normal versus high cholesterol diet. Staining for
3Me-K4-H3 (A-D), 3Me-K9-H3 (E-H), and 3Me-K27-H3 (I-L) in intimal ECs (between lumen and media) and medial SMCs from chow-fed (A, B, E, F, I, J) and
high cholesterol-fed (C, D, G, H, K, L) apoE™~ offspring from wild-type (Mat WT, A, C, E, G, I, K) and apoE~’~ mothers (Mat ApoE™'~, B, D, F, H, J, L). Figure
1K shows partial nuclear staining in the SMCs. The apparent differences in lumen and media size between chow- and high cholesterol-fed mice were caused by
different pressures during fixation and did not affect quantification and comparison of positive and negative ECs and SMCs between experimental and control
conditions. Black and white arrows respectively indicate positively and negatively stained ECs. Black and white arrowheads respectively indicate positively
and negatively stained SMCs. L = lumen, M = media, A = adventitia. Scale bars = 20 um.
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Figure 2. Quantitative analysis of histone methylation patterns in endothelial and smooth muscle cells. Figure shows the relative number of ECs and SMCs positive
for 3Me-K4-H3 (A-B), 3Me-K9-H3 (C-D), and 3Me-K27-H3 (E-F), as compared with total cell number. Data are average = SEM (*P < 0.05, *P < 0.01, **P < 0.001).

cant differences in ECs or SMCs from chow-fed apoE ™"/~
offspring from apoE~/~ mothers versus apoE™/~ off-
spring from wild-type mothers (compare bars 1 vs. 2 in
Figure 2, A-F and Supplemental Figure S2, A-F at http://
ajp.amjpathol.org). This indicated that in utero program-
ming was not significantly reflected by differential histone
methylation patterning in the vasculature of adult chow-
fed offspring.

We then determined the effects of distinct maternal
genotypes in ECs and SMCs from offspring that were
subjected to diet-induced hypercholesterolemia (Fig-
ure 1, C-D, G-H, and K-L, and Supplemental Figure
S1, C-D, G-H, and |-J at http://ajp.amjpathol.org).
Quantitative comparison of these groups (bars 3 vs. 4
in Figure 2, A-F and Supplemental Figure S2, A-F at
http://ajp.amjpathol.org) showed a significantly in-
creased relative number of EC positive for 3Me-K9-H3
(Figure 2C) or EZH2 (Supplemental Figure S2E at
http://ajp.amjpathol.org), and a decreased relative
number of SMCs positive for 3Me-K4-H3 (Figure 2B),
3Me-K27-H3 (Figure 2F), or hSet1 (Supplemental Fig-
ure S2B at http://ajp.amjpathol.org) in high cholesterol-
fed apoE*/~ offspring from apoE ™/~ mothers versus
wild-type mothers. Thus, in utero programming and
postnatal diet both influence epigenetic patterning in
the vasculature of female offspring.

Effects of Diet on Epigenetic Patterning in the
Offspring Vasculature

To further investigate the effect of postnatal diet on his-
tone modifications in vascular cells, we compared chow
versus high cholesterol-fed offspring from wild-type
mothers (bars 1 vs. 3 in Figure 2, A-F and Supplemental
Figure S2, A-F at http.//ajp.amjpathol.org) as well as chow
versus high cholesterol-fed offspring from apoE '~ moth-
ers (bars 2 vs. 4).

A significantly increased number of hSet1-positive ECs
was found in high cholesterol- versus chow-fed apoE ™/~

offspring from wild-type mothers (Supplemental Figure
S2A at http://ajp.amjpathol.org). Additionally, the number
of SMCs positive for 3Me-K4-H3 was increased by post-
natal hypercholesterolemia (Figure 2B). In contrast, the
number of SUV39H1-positive SMCs was decreased
(Supplemental Figure S2D at http://ajp.amjpathol.org). No
other statistically significant differences in the response
to diet were noted in ECs and SMCs in female apoE™/~
offspring from wild-type mothers.

The effect of diet became even more pronounced in
apoE*/~ offspring from apoE /=~ mothers. The relative
number of ECs positive for 3Me-K4-H3 significantly in-
creased in high cholesterol-fed versus chow-fed off-
spring (Figure 2A), while the number of positive SMCs
decreased (Figure 2B). Similarly, the number of hSet1-
positive ECs increased (Supplemental Figure S2A at
http.//ajp.amjpathol.org), while hSet1-positive SMCs
decreased (Supplemental Figure S2B at http://ajp.
amjpathol.org). The change from chow to high cholesterol
diet further resulted in a significantly decreased number
of SMCs positive for 3Me-K9-H3 (Figure 2D), 3Me-
K27-H3 (Figure 2F), or SUV39H1 (Supplemental Figure
S2D at http.//ajp.amjpathol.org) in offspring from apoE '~
mothers.

Together, this shows that changes in diet have a sub-
stantial influence on histone methylation modifications
and lysine methyltransferase expression in the vascula-
ture, especially in offspring susceptible for neointima
formation.

In Utero Epigenetic Programming Affects the
Response to Diet

During our quantitative analyses for postnatal diet-in-
duced effects on histone modification patterning in the
offspring vasculature, we observed that offspring from
wild-type mothers (bars 1 vs. 3 in Figure 2, A-F and
Supplemental Figure S2, A-F at http://ajp.amjpathol.org)
often responded differently to diet-induced hypercholes-
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Table 1. Maternal Wild-Type and Maternal apoE™"~
Offspring Show Different Responses to
Diet-Induced Hypercholesterolemia

EC SMC

Mat  Mat Mat  Mat

WT KO  Sign. WT KO  Sign.
3Me-K4-H3 = + + - Hoex
3Me-K9-H3 = = = - *
3Me-K27-H3 = = # = — *
hSet1 + + # = - *
SUV39H1 = = - -
EZH2 N.D. N.D. N.D. N.D.

Overview showing the responses to diet-induced hypercholesterolemia
in maternal wild-type (Mat WT) and maternal apoE~ ~ (Mat KO) offspring,
based on the relative number of vascular endothelial (EC) and smooth
muscle cells (SMC) positive for a specific histone triple-methylation
modification or expression of a lysine methyltransferase.

+ significant up-regulation of the relative number of positively stained
cells in response to diet-induced hypercholesterolemia.

— significant down-regulation.

= not significantly up- or down-regulated.

N.D. not determined.

Significant differences between the types of diet-induced responses
in Mat WT versus Mat KO offspring are indicated with *(P < 0.05)
and ***(P < 0.001). Significantly similar responses are indicated with
*(P > 0.999).

terolemia than offspring from apoE ™/~ mothers (bars 2
vs. 4). Depending on the type of cell and modification,
these responses were often characterized by increases
or decreases in the relative number of positively stained
cells (summarized in Table 1). Especially in SMCs from
apoE*/~ offspring from apoE ™/~ mothers (Table 1, Mat
KO), a consistent decrease in the number of positively
stained cells was observed in response to hypercholes-
terolemia. On the other hand, SMC from the offspring
from wild-type mothers (Table 1, Mat WT) showed a more
varied response. This was shown by an increase in the
number of SMCs positive for 3Me-K4-H3, a decreased
number of SMCs positive for SUV39H1, and a lack of
response regarding the number of SMCs positive for
3Me-K9-H3, 3Me-K27-H3, or hSet1 (Table 1). Statistical
comparisons of the increases versus decreases versus lack
thereof in ECs or SMCs showed that these distinct re-
sponses in maternal wild-type versus maternal apoE "/~
offspring were significantly different. This indicated
that the reaction to hypercholesterolemia in apoE™/~ off-
spring is highly influenced by the maternal genotype and
in utero programming. In contrast, diet-induced hyper-
cholesterolemia resulted in highly similar responses in
apoE ™/~ offspring from wild-type and apoE~/~ mothers
with regard to the number of ECs positive for 3Me-
K27-H3 or hSet1 (P > 0.999, Table 1). This suggests that
these specific patterns in ECs are highly representative
for a maternal genotype-independent response to hyper-
cholesterolemia in the apoE™/~ offspring.

Epigenetic Programming of Gene Expression in
Endothelial versus Smooth Muscle Cells
Since ECs and SMCs play different roles in the vascula-

ture and neointima formation, we also analyzed whether
the effects of maternal genotype or postnatal diet were

cell type-specific. We observed that the maternal geno-
type-dependent histone modification patterns in ECs
were significantly different compared with the maternal
genotype-dependent patterns in SMCs (P < 0.001 for
each modification or enzyme described above). This was
also the case when the diet-dependent patterns were
compared in ECs versus SMCs (P < 0.001). This indi-
cates that distinct cell types obtain different histone
modifications in response to in utero programming or
postnatal diet and that the effects of these epigenetic
modifications should thus be studied for each cell type
separately.

Discussion

Epigenetic Regulation in Endothelial and
Smooth Muscle Cells

Since the epigenetic histone methylation modifications
that were studied here control gene transcription, identi-
fication of the affected genes may reveal the nature of the
pathways involved. In this respect, several interesting
candidate genes have been described of which the tran-
scription is affected by epigenetic histone acetylation
and methylation modifications. For example, endothelial
nitric oxide synthase (eNOS) catalyzes the production of
nitric oxide in mammalian vascular endothelial cells
and is important for cellular homeostasis and vasomotor
tone.'® Expression of the anti-atherogenic eNOS is se-
verely compromised in advanced human atherosclerotic
plagues and atherosclerosis-prone regions of the mouse
aorta.” ' Interestingly, eNOS expression in endothelial
and non-endothelial cells depends on acetylation of his-
tones H3 and H4, and triple-methylation of K4-H3.7'7 In
this study we show that in particular the 3Me-K4-H3 pattern-
ing in ECs and SMCs was affected by in utero programming
and diet-induced hypercholesterolemia. Because eNOS
expression depends on the level of 3Me-K4-H3,"%"7 the
observed alterations in 3Me-K4-H3 in our study may
therefore have resulted in differential eNOS expression
and, subsequently, altered functionality of the vascular
wall in apoE™/~ offspring from apoE~/~ mothers. Further
investigation will reveal whether these altered levels of
3Me-K4-H3 indeed affect eNOS expression and whether
this contributes to the development of atherosclerosis
susceptibility in these ApoE™'~ mice.

Vascular SMCs are responsible for vessel contrac-
tion/relaxation in response to altered blood pressure or
flow and can undergo rapid phenotype switching after
changes in the local environment, like vessel injury or
neointima formation. Tight molecular control of the SMC
phenotype is therefore required. SMC-specific gene ex-
pression is directed by several factors, including platelet-
derived growth factors BB'® and DD'® and their down-
stream targets serum response factor and Krippel-like
factor-4.2° Binding of the transcriptional activator serum
response factor and repressor Kruppel-like factor-4 to the
promoters of their target genes is respectively associated
with activating and repressing histone modifications,
thereby maintaining a differentiated phenotype in SMCs.



This indicates that control of the SMC phenotype is
regulated by epigenetic mechanisms (comprehensively
reviewed in 21). This is supported by other studies that
showed that the enhanced pro-atherogenic and inflam-
matory phenotype of vascular SMCs from type 2 diabetic
db/db mice versus those from db/+ mice was associated
with differential histone modification patterning.?22% In
these studies, transcriptionally activating histone methyl-
ation modifications on the promoters of inflammatory
genes resulted in enhanced expression of these genes
in db/db SMCs compared with db/+ SMCs in response
to pro-atherogenic stimuli. To elucidate the molecular
mechanisms that contribute to enhanced athero-sus-
ceptibility in apoE™/~ offspring from apoE~/~ mothers
compared with those from wild-type mothers (Alke-
made et al, unpublished data and®), identification of
the genes that are affected by alterations in specific
histone methylation modifications, as revealed in this
study, will be required.

Possible Mechanisms that Induce Differential
Epigenetic Patterning in Vascular Cells

Although the current study points toward several under-
lying mechanisms that may cause differential epigenetic
patterning in the vasculature, the physiological factors
that may have affected susceptibility for neointima forma-
tion remained unknown. Comparisons between our and
other models may reveal which specific elements regu-
late this athero-susceptibility and subsequently en-
hanced progression of atherosclerosis. For instance,
gene silencing histone modifications were increased in a
monocyte-macrophage cell line after exposure to athero-
genic lipoproteins in vitro.?* This may suggest that factors
circulating in the blood could affect gene transcription via
epigenetic patterning in cells involved in inflammation,
which is an important feature of atherosclerosis develop-
ment. Similarly, athero-prone shear stress levels, an im-
portant risk factor of atherosclerosis and characterized
by low or oscillatory flow profiles, affected histone H3 and
H4 acetylation in cultured human ECs and SMCs."°2° |n
vivo, an increase in histone acetylation resulted in exacer-
bation of atherosclerosis in low-density lipoprotein receptor
(LDLR)-deficient mice.?® This suggests that alterations of
the histone acetylation status in the LDLR-deficient envi-
ronment could affect the expression of pro-artherogenic
genes and the oxLDL receptor, and as such contributes
to atherosclerosis progression.?® Notably, in preliminary
experiments of our own, the acetylation of histone H4 was
significantly up-regulated in ECs and slightly decreased
in SMCs from apoE™/~ offspring from apoE ™/~ versus
wild-type mothers (data not shown). This is comparable
with the observed patterns in the studies discussed
above and suggests that similar factors may be involved
in athero-susceptibility in our model. No significant differ-
ences were detected in the acetylation pattern of histone
H3 in ECs or SMCs from non-collared, high cholesterol-
fed apoE ™/~ offspring (data not shown).

The gene activation versus silencing patterns in our
and other studies may have been affected by the differ-
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ent settings (in vitro versus in vivo) and models (mono-
cyte-macrophage cell line versus SMCs, LDLR ™/~ versus
apoE /7). Careful interpretation of gene expression pro-
files and histone modifications in the vasculature that are
associated with maternal apoE-deficiency will therefore
be required.

Conclusions

In summary, intrauterine exposure to maternal apoE-de-
ficiency plays a key role in the susceptibility for neointimal
lesion formation in adult mouse offspring. Subsequent
postnatal induction of hypercholesterolemia induces
changes in the epigenetic profiles that modulate gene
expression patterns of the vasculature, thereby enhanc-
ing progression of vascular disease in atherosclerosis-
susceptible animals. Our results demonstrate that both in
utero programming and diet-induced hypercholesterol-
emia affect histone methylation modifications and ex-
pression of accompanying lysine methyltransferases in
vascular ECs and SMCs. However, changes in histone
modifications between chow-fed apoE™/~ offspring from
wild-type versus apoE~/~ mothers did not reach statisti-
cal significance. In line with this, no pathology was de-
tected in (non-compromised) carotid arteries of 20-week-
old apoE*~ mice from apoE '~ and wild-type mothers
(this study and Alkemade et al, unpublished data), while
collar placement induced a more severe pathology (Alke-
made et al, unpublished data). The nonsignificant changes
in histone methylation modifications therefore provide an
essential first step to increased susceptibility for neointima
formation, which is further amplified by high-cholesterol diet
or restrictive collar placement. Similar observations have
been made for epigenetic DNA methylation modifications.?*

The observations in this study may help to explain why
some people are more prone to develop atherosclerosis
than others even when these groups have similar feeding
habits. Elucidation of the exact signaling pathways that
are affected by these epigenetic mechanisms may pro-
vide us with early indicators of atherosclerosis suscepti-
bility (reviewed in"). This will contribute to understanding
why and how pre- and postnatal atherosclerotic risk fac-
tors influence development of adult vascular disease and
may help to improve lifestyle management programs of
both parents and their children.
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