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Abstract
Studies of the effects of estrogen replacement therapy on coronary heart disease risk have produced
conflicting results. We hypothesize that this may be explained by differences in the length of estrogen
deficiency prior to initiation of treatment and associated variation in plaque inflammation or stage
of progression. The goal of this study was to determine whether estrogen administered after a period
of deficiency affects plaque progression and leukocyte populations. Ovariectomized ApoE−/− mice
were treated as follows: Group 1: continuous estrogen for 90 days (E+/+); group 2: placebo for 45
days followed by estrogen for 45 days (E−/+); group 3: estrogen for 45 days followed by placebo
for 45 days (E+/−); and group 4: placebo for 90 days (E−/−). Serum lipoprotein concentrations, plaque
size and inflammatory cell (macrophage, CD3+, CD4+, CD8+, dendritic cell, and NK cell) densities
were quantified. Plaque size was smaller in groups receiving early estrogen therapy. CD3+ and total
inflammatory cell densities were lower in late estrogen therapy groups. The CD8 to dendritic cell
ratio was significantly lower in the E−/+ group only. These results suggest that a period of estrogen
deficiency followed by reintroduction alters the immunologic environment of atherosclerotic lesions
as well as plaque progression.
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1. Introduction
Observational studies, clinical trials, and animal model studies have produced conflicting
results regarding effects of estrogen replacement on risk of coronary heart disease and
progression of coronary artery atherosclerosis.1-8 These divergent results may be explained by
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the presence or absence of a lengthy period of estrogen deficiency preceding the initiation of
hormone replacement therapy.9-10 Specifically, there seems to be a beneficial effect of estrogen
replacement on risk of coronary events and the progression of atherosclerosis when initiated
early in the postmenopausal period and a lack of beneficial effect when initiated in subjects
with preexisting coronary artery atherosclerosis who are several years beyond the onset of
menopause.1-8, 11 However, the pathobiological pathways or processes responsible for this
divergence have not been determined. Given that chronic inflammation is a hallmark of
atherosclerosis,12-13 it seems possible that the divergent effects of estrogen related to the timing
of onset of treatment are related to differences in the inflammatory environment of the plaque.
We hypothesized that estrogen administered to mice after a period of estrogen deficiency
results in alterations in intraplaque inflammation relative to plaques of mice treated
continuously with placebo or estrogen.

2. Materials and Methods
2.1. Animals and Estradiol Delivery

All procedures involving animals were conducted in compliance with state and federal laws
of the US Department of Health and Human Services, and guidelines established by the Wake
Forest University Animal Care and Use Committee. The animal facilities and procedures of
Wake Forest University Health Sciences are AAALAC accredited.

Fifty female ApoE null mice were obtained from the breeding colony at Wake Forest
University's Comparative Medicine Clinical Research Center with original breeding pairs,
backcrossed >99% to C57BL6/J, provided by Dr. Nobuyo Maeda at UNC Chapel Hill. All
mice were fed a casein/lactalbumin-based diet and had access to water ad libitum. At 20 weeks
of age, ten mice were sacrificed for use as a baseline control group, and the remaining forty
mice were ovariectomized and randomly assigned to four treatment groups (n=10/group) in a
2×2 factorial design. 17β- estradiol or placebo were administered at a dose of 1.1ug/d for either
90-day or 45-day treatment periods via time release pellets (Innovative Research of America,
Sarasota, FL) surgically implanted in the interscapular subcutis. Group 1 (E+/+) received
17β -estradiol continuously for 90 days; group 2 (E−/+) received placebo for 45 days followed
by 17β -estradiol for 45 days; group 3 (E+/−) received 17β -estradiol for 45 days followed by
placebo for 45 days; and group 4 (E−/−) received placebo continuously for 90 days. At the end
of the 90 day treatment period, all mice were anesthetized (ketamine 80mg/kg and xylazine
8mg/kg, IP), blood was collected via cardiac puncture, and the arterial system was perfused
with normal saline at 100mmHg for 10 minutes.

2.2. Tissue Collection and Processing
After perfusion, the innominate artery, including its bifurcation from the aorta, was collected,
embedded in OCT medium with the lumen of the artery oriented perpendicular to the bottom
of the mold, and frozen at −80°C. Nine (5um) cryosections were serially obtained from each
artery with the first section defined as the point at which the aorta no longer appeared in the
section. Sections were mounted on Superfrost Plus slides for routine histology or
microcapillary gap slides for immunohistochemistry, fixed in cold acetone for 5 minutes, and
frozen at −80°C until use. In addition, serum was collected and frozen at −80°C until use, and
the uterus was removed, blotted dry, and weighed.

2.3. Histology and Immunohistochemistry
The first and second sections from each artery were stained with Verhoeff van Geison and
hematoxylin and eosin, respectively. Sections 4, 6, 7, and 8 were immunostained for CD3+
cells, CD4+ cells, CD8+ cells, and macrophages, respectively. Section 9 was double
immunostained for CD11c+ dendritic cells and Ly49G2+ natural killer (NK) cells. For the
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single immunostains the slides were incubated with rat anti-mouse CD3 (1:100; Serotec,
Raleigh, NC), goat anti-mouse CD4 (1:50; R&D Systems, Minneapolis, MN), rat anti-mouse
CD8 (1:100; Serotec, Raleigh, NC), or rat anti-mouse F4/80 (1:100; Serotec, Raleigh, NC) for
1.5 hours at 25ºC. Thymus and lymph node were used as positive and negative control tissue
and the negative controls were incubated with non-immune sera instead of primary antibody
for 1.5 hours at 25ºC. Primary antibodies were localized with appropriate biotinylated
secondary antibodies, streptavidin-alkaline phosphatase (Biogenex, San Ramon, CA) and
Vector Red (Vector Labs, Burlingame, CA) substrate. Sections were counterstained with
Mayer's Hematoxylin and examined by light microscopy. For the double immunostain, slides
were incubated with hamster anti-mouse CD11c (1:100; Biolegend, San Diego, CA) for
dendritic cells or rat anti-mouse Ly49G2 (1:100; BDPharmingen, San Diego, CA) for NK cells
for 1.5 hours at 25ºC. Uterus was used as positive and negative control tissue and the negative
control was incubated with non-immune serum instead of primary antibody for 1.5 hours at
25ºC. Primary antibodies were localized with appropriate biotinylated secondary antibodies
followed by either streptavidin-alkaline phosphatase (Biogenex, San Ramon, CA) with Vector
Red (Vector Labs, Burlingame, CA) substrate for NK cells, or ABC-horseradish peroxidase
(Vector Labs, Burlingame, CA) with DAB substrate (Biogenex, San Ramon, CA) for dendritic
cells. Sections were counterstained with Mayer's Hematoxylin and examined by light
microscopy.

2.4. Histomorphometry
Plaque size, areas of mineralization and necrosis, fibrous cap presence, and inflammatory cell
densities were determined using computer assisted morphometric analysis (Image ProPlus 5.1).
The extent of atherosclerosis was determined as the cross-sectional area of plaque in each of
five sections per artery (sections 1, 2, 4, 6, and 7) and plaque area was calculated for each
animal as the mean of the five sections examined. H&E stained sections were evaluated for
foci of mineralization, hemorrhage, and necrosis within the tunica intima and the cross-
sectional areas of such foci were measured. Cell density for macrophages, CD3+ cells, CD4+
cells, CD8+ cells, dendritic cells, and NK cells was determined by overlay of a 102 pixel grid
with evaluation of each crosshatch for positive or negative staining by a trained observer
blinded to treatment. Cell densities are expressed as the percentage of intima occupied by
positive staining.

2.5. Serum Estradiol
For estradiol determinations, only small volumes of serum samples (0.05 ml) were available
for analysis which was performed with a modified E2 assay procedure in an attempt to validate
E2 delivery by a second method other than uterine weight. Prior to assay, samples were
extracted with ethyl ether (2 mls), the organic phase was decanted, dried, and reconstituted
with the same volume of zero standard from the radioimmunoassay kit (DSL 4800,
Ultrasensitive Estradiol, Diagnostic Systems Laboratories; Webster, TX). Signal to noise ratio
was low and results were inconclusive relative to circulating E2 concentrations. However, the
time release pellets are a well-established method of hormone delivery and the 1.1ug/d dose
has been shown to produce physiologic concentrations of estradiol and reduction of
atherosclerotic extent in ApoE null mice.14

2.6. Serum Lipoproteins
Serum lipoproteins were separated by high pressure liquid chromatography,15 and aliquots of
isolated lipoprotein fractions were used for enzymatic determination of cholesterol.16
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2.7. Statistical Analysis
Innominate artery plaque area was calculated for each animal as the mean of the five sections
examined and differences between treatment group means were analyzed by two-way analysis
of variance (ANOVA) to assess the impact of early and late hormone therapy on plaque size.
Oneway ANOVA was used to determine effects of treatment on intraplaque cellular densities,
serum lipoprotein concentrations, serum estradiol concentrations, and uterine weight to body
weight ratios with posthoc analysis using Fisher's LSD. The means of measures from animals
sacrificed at 20 weeks (baseline) are also reported and used to estimate changes from baseline
among each of the four treatment groups. Within each treatment group differences between
CD8+ cell and dendritic cell densities were assessed by paired t-tests. Pearson's correlations
were determined for serum lipoproteins and morphologic measures. Differences in the presence
of fibrous caps among treatment groups were evaluated by chi-squared analysis. Data are
expressed as mean +/−SEM.

3. Results
3.1. Plaque size

Examination of hematoxylin and eosin stained sections revealed moderate eccentric expansion
of the tunica intima by moderate to large numbers of mononuclear cells and extracellular matrix
in all four treatment groups (Figure 1). Intimal areas were measured in five sections per animal
and no significant differences in plaque size between the five sections were found (p≥0.58).
Mean plaque area (Figure 2) was significantly smaller in the groups receiving early hormone
therapy (E+/+ and E+/−) compared to those receiving early placebo therapy (E−/+ and E−/−)
[0.07 mm2+/−0.01 vs 0.11mm2+/−0.01 (p=0.03)], regardless of late treatment. Compared to
baseline values, plaque size was 98.6% larger in groups that received early hormone therapy
and 185% larger in groups which did not.

3.2. Cellular Changes
Strong positive cytoplasmic staining for the F4/80 marker was seen in 92% of arteries.
Positively stained cells were generally randomly distributed throughout the plaque, however,
in some arteries moderate numbers of macrophages accumulated in the lateral shoulder regions
of the plaque (Figure 3A). Mean intraplaque macrophage density tended to be higher in animals
that received early hormone therapy versus those that did not, however, statistically significant
differences among the four treatment groups were not found (E+/+: 23.5%+/−5.8; E−/+: 17.0%
+/−3.5; E+/−: 38.8%+/−8.9; E−/−: 22.6%+/− 4.5; p=0.08) (Figure 4A). Interestingly, the
estimated change in macrophage density from baseline revealed a marked increase in the E+/
− group (169%) versus the E+/+ (63%), E−/+ (19%), and E−/− (57%) groups.

Strong positive cytoplasmic staining for CD3 was seen in 50% of arteries and positively stained
cells were randomly distributed throughout the plaque (Figure 3D). Mean intraplaque CD3+
cell density was significantly lower in groups that received late estrogen therapy with both the
E+/+ and E−/+ groups being significantly lower than the E+/− and E−/− groups (E+/+: 0.26%
+/−0.2; E−/+: 0.88%+/−3.7; E+/−: 4.32%+/−1.9; E−/−: 4.52%+/− 1.6; p=0.04) (Figure 4B).

Immunostaining for CD4+ T lymphocytes using a polyclonal antibody was minimal to negative
within the intima of all four treatment groups, with occasional positive staining of cells within
the adventitia, and abundant positive staining of cells within lymph node control tissue (Figure
3G-H). Additional application of an anti-CD4 monoclonal antibody (rat anti-mouse CD4;
1:100; Serotec, Raleigh, NC) to innominate arteries from a separate population of mice which
were treated similarly (ovariectomy and initiation of treatment at same age) but euthanized at
a younger age, 14 weeks versus 20 weeks, also resulted in minimal to no positive staining
within the intima (data not shown).
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Strong positive cytoplasmic staining for CD8 was seen in 95% of arteries and positively stained
cells were randomly distributed throughout the plaque (Figure 3J). Mean intraplaque CD8+
cell did not differ among the four treatment groups (E+/+: 4.66%+/−1.10; E−/+: 1.93%+/−0.4;
E+/−: 5.35%+/−1.8; E−/−: 6.09%+/− 1.5; p=0.14) (Figure 4C). However, estimation of the
percent change from baseline revealed a decrease in CD8+ cell density in the E−/+ group,
-48%, compared with increases of 26%, 44%, and 65% in the E+/+, E+/−, E−/− groups,
respectively. We also found that in the continuous estrogen group only there were significantly
greater numbers of CD8+ cells than CD3+ cells (CD8+: 4.6%+/−1.1; CD3+: 0.264%+/−0.20
p=0.001).

Ly49G2+ NK cells were found only in the E+/+ group and at a very low density (0.1%) (data
not shown).

Strong positive cytoplasmic staining for CD11c (dendritic cells) was seen in 82% of arteries
and positively stained cells were randomly distributed throughout the plaque (Figure 3M). No
significant treatment effects were found (E+/+: 12.7%+/−11.0; E−/+: 11.6%+/−9.9; E+/−:
2.32%+/−0.8; E−/−: 13.4%+/− 11.0; p=0.8) (Figure 4D), however, relative to baseline levels,
dendritic cell densities in the groups receiving estrogen in the late treatment period tended to
be lower than at baseline (−8%) while densities in the groups receiving placebo in the late
treatment period tended to be higher than at baseline (27-33%). In addition, the E+/+, E+/−,
and E−/− groups had significantly greater numbers of CD8+ cells than dendritic cells (p=0.04,
0.02, 0.05, respectively) (Figure 5).

Total intraplaque density of the inflammatory cells types measured, including macrophages,
CD3+ cells, CD8+ cells, and dendritic cells, were highest in the E+/− group and lowest in the
E−/+ group. Both groups that received estrogen in the late treatment period, the E+/+ and E−/
+ groups, contained significantly fewer inflammatory cells than the E+/− group (E+/+: 30.1%
+/−6.9; E−/+: 21.4%+/−3.4; E+/−: 50.8%+/−8.4; E−/−: 35.3%+/− 6.2; p=0.02). (Figure 4E).

3.3. Extracellular Changes
Extracellular endpoints included intraplaque mineralization, fibrous cap development,
necrosis, hemorrhage, and plaque rupture. Intraplaque mineralization was present in the E−/+,
E+/−, and E−/− groups (E−/+: 0.007042mm2+/−0.003; E+/−: 0.006087mm2+/−0.005; E−/−:
0.006276mm2+/−0.004), and the percentage of intimal area mineralized was not significantly
different between treatment groups (E+/+: 0; E−/+: 6.45%+/−3.6; E+/−: 3.46%+/−2.48; E−/−:
4.61%+/−3.23; p=0.4). However, plaques containing mineral were significantly larger than
plaques not containing mineral (0.127mm2+/−0.014 vs 0.088mm2+/−0.009; p=0.04). Fibrous
cap formation was found in all four treatment groups but not in the baseline group. There was
no statistically significant difference in fibrous cap frequency between treatment groups (E+/
+: 22%; E−/+: 60%; E+/−: 50%; E−/−: 44%; χ2=0.41), and there was no association between
plaque size and fibrous cap development. Other extracellular measures of advanced plaque
complication including necrosis, hemorrhage, and plaque rupture were not found.

3.4. Serum Lipoproteins
Determination of serum lipoprotein concentrations by HPLC revealed significantly lower
concentrations of the very low density lipoprotein/intermediate density lipoprotein fraction
(VLDL/IDL-C) in the E−/+ group as compared to the other three treatment groups (p<0.001)
(Figure 6A). Low density lipoprotein (LDL) and high density lipoprotein (HDL) concentrations
did not differ among the treatment groups (data not shown). VLDL/IDL-C positively correlated
with intimal area (r=0.37, p=0.03) and CD8+ cell density (r=0.37, p=0.03), however covariate
adjustment for VLDL/IDL-C did not alter significant differences in plaque size or CD8+ cell
density among treatment groups.
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3.5. Body Weight and Uterine Weight
Body and uterine weights were determined as physical measures of hormone bioactivity.
Consistent with physiologic effects of estrogen, mean body weights at necropsy were
significantly lower in animals receiving continuous estrogen therapy and significantly higher
in animals receiving only placebo; body weights of animals receiving both estrogen and
placebo, regardless of timing, were intermediate (Figure 6B). Also consistent with estrogen
exposure, mean UW:BW in the E−/+ group was significantly higher than the other three
treatment groups, and UW:BW in the E+/+ group was higher than the E−/− group but not the
E+/− group, while no difference was found between the E+/− and E−/− groups (Figure 6C).

4. Discussion
The results of this study indicate that timing of estrogen administration alters plaque size, T
lymphocyte density, CD8 to dendritic cell ratios, and lipoprotein concentrations in ApoE−/−
mice. Specifically, we demonstrated that animals receiving estrogen immediately following
ovariectomy had significantly smaller lesions than those undergoing delayed or no estrogen
exposure. This is in agreement with human and animal model data which suggests that estrogen
is effective in primary prevention of atherosclerosis.17 Interestingly, this effect persisted even
when estrogen was withdrawn later in the postovariectomy period. This is consistent with
results of the Nurses' Health Study in which the relative risk of coronary disease among current
hormone replacement therapy (HRT) users was 0.3, and the risk among participants who had
ever received HRT was 0.5.1 Although loss of atheroprotection with estrogen withdrawal is
well-documented,6,7,18 our findings support the notion that early estrogen replacement inhibits
intimal expansion and that the effect is substantial enough to extend beyond the treatment
period. Conversely, estrogen replacement after a period of deficiency had no suppressive effect
on intimal expansion.

Another major finding of this study is that timing of estrogen administration altered the type
and density of inflammatory cells within atherosclerotic plaques. Similar to other reports,13,
19-23 these lesions contained macrophages, T cells, NK cells, and dendritic cells. The
macrophage was the predominant inflammatory cell type present, followed by T cells and
dendritic cells with lesser numbers of NK cells. Among T cells, CD3+ T cell content was
differentially regulated by estrogen, with late estrogen treatment resulting in lower
concentrations of CD3+ cells. This is in agreement with studies showing induction of thymic
atrophy24 and thymocyte apoptosis by estradiol.25 Likewise, estrogen treatment in mice
decreases lymphocyte proliferation,26 and chronic estrogen deprivation in monkeys has been
associated with a non-significant (p=0.15) increase in activated circulating CD3+ cells.27

Interestingly, CD8+ cell density was decreased in the E−/+ group but not in the E+/+ group.
This suggests estrogen temporally modulated the immune response. Similarly, bilaterally
oophorectomized women experienced a rise in circulating CD8+ cells in the thirty days
following surgery prior to estrogen treatment, followed by a decrease in CD8+ cells after 30
days of estrogen replacement therapy.28 In addition, significantly greater numbers of CD8+
cells than CD3+ cells in the E+/+ group suggests the presence of a CD3−/CD8+ cell population
such as NK cells or dendritic cells. Indeed, NK cells and dendritic cells were identified in these
lesions and account for some of the suggested CD3−/CD8+ cell population.

With regard to dendritic cells, the CD8 to dendritic cell ratio was significantly lower in the E
−/+ group. This decrease in CD8+ T cell density without significant change in dendritic cell
density may be explained by induction of anergic and regulatory T cells by dendritic cells.
29-31 Persistent presence of antigen has been associated with T cell anergy, deletion, or
suppression as well as induction of tolerance in (or deletion of) activated CD8+ T cells.32-33

Such an effect could indicate lesion chronicity and is in agreement with other measures of
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plaque progression such as increased plaque size seen in the E−/+ group as compared to the E
+/+ and E+/− groups. In addition, known modulatory effects of estrogen on dendritic cells
include decreased antigen presentation and lymphocyte activation.34 In this case, the
suppressive effect on CD8+ cell density was seen only in the E−/+ group, again suggesting
temporal modulation of the immune response by estrogen.

The majority of T cells identified in this study were CD8+ and CD4-. This is in contrast to
many published studies in which CD4+ cells are the predominant T cell present.21,35-36 In this
study we used two different anti-CD4 antibodies, a monoclonal and a polyclonal, both of which
consistently stained cells with morphologic characteristics of lymphocytes when applied to
positive control lymph node sections. The lack of CD4+ cells in these lesions may represent
differences in cellular infiltrate associated with stage of lesion progression. Most ApoE−/−
mouse studies evaluating plaque T cell content have been performed on younger mice (8-18
weeks) at earlier stages of progression,21,35-36 and those sacrificing older mice (27-52 weeks)
have not evaluated CD8+ cell density.37-38 Given the dynamic nature of the atherosclerotic
process it seems likely that cell populations change as lesions progress. In addition, Elhage et
al have shown that specific deletion of CD4+ or CD8+ cells does not change lesion size,
suggesting that compensatory proatherogenic mechanisms are in place.38 The lack of Ly49G2
immunoreactivity (NK cells) in these lesions is also somewhat surprising, however, given the
differential expression of NK cell markers in response to various differentiation, maturation,
and activation states, the lack of positively staining NK cells in our lesions may not necessarily
represent a lack of NK cells themselves but rather a lack of expression of the Ly49G2 marker
by those NK cells present.

We also documented changes in extracellular plaque characteristics. Although we did not find
an association between treatment and extent of intraplaque mineralization, we did find a
positive association between mineralization and plaque size. This is in agreement with other
studies which interpret mineralization and larger plaque size as indicators of lesion chronicity.
22 Progression of atherosclerosis initially is associated with high plaque cellularity but at some
point in their progression, atherosclerotic lesions become less cellular as extracellular changes
such as matrix accumulation, fibrosis, proteolysis, necrosis, and mineralization predominate.
23,39-40 The increased plaque size in the E−/+ group, combined with the suggestion that
dendritic cell mediated suppression of the T cell response may be present in this group could
indicate that these lesions may be more advanced than the more cellular and immunologically
active lesions of the other three groups. On the other hand, lipid lowering and plaque regression
has been associated with reductions in plaque foam cell and lipid content and an increase in
matrix which also results in decreased cell density and presumably more stable lesions.41 So
one might interpret the low cellularity of the lesions in the E−/+ group as being less advanced
due to replacement of lipid with extracellular matrix in response to the lipid lowering effects
of E2. Additional studies are required to test these hypotheses.

With regard to serum lipoproteins, there was a significant reduction in VLDL/IDL-C
concentrations in the E−/+ group but not the E+/+ group. The lipid lowering effects of estrogen
are well documented in the ApoE−/− mouse model, thus the lack of an effect in the E+/+ group
was surprising. Other measures of acute estrogen exposure in this group, such as uterine weight
to body weight ratios, suggest that estrogen delivery had diminished at the time of necropsy
when lipoprotein concentrations were measured. By contrast, chronic measures of estrogen
exposure such as decreased body weight and smaller plaque size suggest that estrogen delivery
had occurred throughout the majority of the study. Thus, the most likely explanation for this
discrepancy between acute and chronic measures of estrogen exposure is that delivery of
estrogen from the time release subcutaneous pellet waned in the E+/+ group at the end of the
90-day treatment period, but was still releasing estrogen in the E−/+ group.
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In conclusion, our results indicate that a period of estrogen deficiency followed by
reintroduction alters the immunologic environment of atherosclerotic lesions and subsequent
plaque progression. This suggests a potential pathophysiologic explanation for epidemiologic
findings in which women undergoing a period of estrogen deficiency followed by
reintroduction are more likely to experience a clinical event.
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Figure 1.
Representative hematoxylin and eosin and Verhoeff vanGeison (insets) stained innominate
arteries from each treatment group showing moderate eccentric expansion of the intima by
extracellular matrix containing moderate to large numbers of mononuclear cells. A. E+/+
group; 10X. B. E−/+ group; 10X. C. E+/− group; 10X. D. E−/− group; 10X.
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Figure 2.
Treatment group comparisons of plaque size. Data are expressed as mean +/−SEM; different
letters indicate statistically significant differences by 2-way ANOVA, p=0.03.
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Figure 3.
Representative immunohistochemical staining of innominate arteries (left column), positive
control tissue (center column) and negative control tissue (right column); 10X magnification,
insets 40X magnification. A-C: anti-F4/80 monoclonal antibody staining for macrophages;
positive and negative control tissue is lymph node. D-F: Anti-CD3 monoclonal antibody
staining for CD3+ cells; positive and negative control tissue is thymus. G-I: Anti-CD4
polyclonal antibody staining for CD4+ cells; positive and negative control tissue is lymph node.
J-L: Anti-CD8 monoclonal antibody staining for CD8+ cells; positive and negative control
tissue is lymph node. M-O: Double immunostaining for NK cells (red) using anti-Ly49G2
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monoclonal antibody and for dendritic cells (brown) using anti-CD11c monoclonal antibody;
positive and negative control tissue is uterus.
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Figure 4.
Treatment group comparisons of cellular outcomes. Data are expressed as mean +/−SEM; p-
values ≤0.05 are significant. A. Macrophage density, p=0.08. B. CD3+ cell density, p=0.04;
*E+/+ vs E+/− and E−/−, p≤0.03; †E−/+ vs E+/− and E−/−, p≤0.05. C. CD8+ cell density,
p=0.14. D. Dendritic cell density, p=0.8. E. Total cellularity, p=0.02; *E+/+ vs E+/−, p=0.03;
†E−/+ vs E+/−, p=0.002.

Cann et al. Page 19

Atherosclerosis. Author manuscript; available in PMC 2009 November 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Treatment group comparisons of CD8+ cells versus dendritic cells. Data are expressed as mean
+/− SEM; p-values <0.05 are significant.
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Figure 6.
A. VLDL/IDL-C concentrations, p<0.001; *E−/+ vs E+/+, E+/−, E−/−, p≤0.05. B. Body
weights at necropsy, p<0.001; *E+/+ vs E−/+, E+/−, E−/−, p≤0.05; †E−/− vs E+/+, E−/+, E+/
−, p≤0.006. C. Uterine weight to body weight ratios, p<0.001; *E−/+ vs E+/+, E+/−, E−/−,
p≤0.02; †E+/+ vs E−/−, p=0.05. Data are expressed as mean +/− SEM; p-values p≤0.05 are
significant.
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