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Ultrasound 
Biomicroscopic Imaging
for Interleukin-1 Receptor Antagonist–Inhibiting 
Atherosclerosis and Markers of Inflammation in 
Atherosclerotic Development in Apolipoprotein-E 
Knockout Mice

We sought to validate the hypothesis that the development of atherosclerosis can be sup-
pressed by the interleukin-1 receptor antagonist (IL-1Ra) in murine models of atherosclero-
sis in vivo, noninvasively seen by means of high-resolution ultrasound biomicroscopy, and 
we studied changes in inflammatory markers such as IL-1 and C-reactive protein (CRP) 
plasma levels in these models of atherosclerosis.

We divided IL-1Ra+/–/apolipoprotein-E (apoE)–/– and IL-1Ra+/+/apoE–/– mice into 2 age 
groups, used as atherosclerotic models. The control groups were age-matched IL-1Ra+/+/
apoE+/+ mice. Plaque thickness was measured in the ascending aorta in short-axis images 
by means of ultrasound and histology. Plasma levels of IL-1 and CRP were quantified in the 
3 murine groups.

At 16 weeks, plaque thickness in the ascending aortas of the IL-1Ra+/–/apoE–/– mice 
was significantly greater than that in the IL-1Ra+/+/apoE–/– mice, on ultrasound and histol-
ogy (P <0.01). In contrast, at 32 weeks, the differences between these 2 genotypes were 
not statistically significant. Serum IL-1 levels were lower in the IL-1Ra+/–/apoE–/– mice than 
in the IL-1Ra+/+/apoE–/– mice at 16 and 32 weeks (P <0.05). At 16 weeks, serum CRP lev-
els in the IL-1Ra+/–/apoE–/– mice were higher than in the IL-1Ra+/+/apoE–/– mice (P <0.01).

Our results suggest that ultrasound biomicroscopy enables evaluation of atherosclerotic 
lesions in vivo, noninvasively and in real-time, in apoE–/– mice. Partial IL-1Ra deficiencies 
might promote early plaque development in 16-week-old apoE–/– mice. The balance of IL-1 
and IL-1Ra might influence atherosclerotic development. Finally, CRP might affect the initia-
tion of atherosclerosis, rather than its progression. (Tex Heart Inst J 2015;42(4):319-26)

A therosclerosis is the leading cause of cardiovascular morbidity and death 
in the world. Vascular inflammation is important in the development of 
atherosclerosis. The balance between pro- and anti-inflammatory cytokines 

is decisive in atherosclerotic progression.1 Interleukin (IL)-1, a prototypical inflam-
matory cytokine predominantly produced by macrophages and dendritic cells, plays 
a central role in inf lammation.2,3 Interleukin-1 activity is counterbalanced by the 
IL-1 receptor antagonist (IL-1Ra), which is a secreted acute-phase reactant capable of 
binding competitively to IL-1R.4,5 Interleukin-1 and IL-1Ra have been suggested to 
be an important pathogenic pair in atherosclerotic development, and their balance has 
been reported to influence this process. Reduced IL-1Ra levels might also lead to the 
aggravation of atherosclerosis. In addition, coronary artery disease has a substantial 
inflammatory component, which is in part genetic.6 In human beings, IL-1Ra gene 
polymorphism has been significantly associated with coronary artery disease.7

 To learn whether a deficiency of IL-1Ra promotes the development of atheroscle-
rotic lesions, we obtained IL-1Ra+/– mice. Using apolipoprotein E–/– (apoE–/–) mice 
as an animal model of atherosclerosis, we established 3 murine genotypes (IL-1Ra+/+/
apoE–/–, IL-1Ra+/–/apoE–/–, and IL-1Ra+/+/apoE+/+) by means of cross-breeding. In 
this study, we tested whether ultrasound biomicroscopy (UBM) enables the evalu-
ation of murine atherosclerotic lesions in vivo, in a noninvasive, real-time fashion. 
Interleukin-1Ra deficiency had been found to promote early plaque development in 
apoE knockout mice with use of this novel imaging approach.8,9 In addition, we 
studied changes in inflammatory markers such as IL-1 and C-reactive protein (CRP) 
plasma levels in these models of atherosclerosis.
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Materials and Methods

The apoE–/– and IL-1Ra+/– mice were obtained from 
the Jackson Laboratory (Bar Harbor, Maine). They 
were crossbred to produce IL-1Ra+/–/apoE+/– mice. 
Mice from this last group were crossbred in order to ob-
tain IL-1Ra+/–/apoE–/–, IL-1Ra+/+/apoE–/–, and IL-
1Ra+/+/apoE+/+ mice in the same mixed background.
 We divided male IL-1Ra+/–/apoE–/– and IL-1Ra+/+/
apoE–/– mice into 2 age groups of 16 and 32 weeks 
(n=11 in each group of IL-1Ra+/–/apoE–/– mice and 
n=8 in each group of IL-1Ra+/+/apoE–/– mice) for use 
as atherosclerotic models. Age-matched IL-1Ra+/+/
apoE+/+ mice (n=8 each) were used as control groups. 
All the mice were fed chow without dietary manipu-
lation and received care in accordance with national 
guidelines. All procedures conformed to our institu-
tional animal-study guidelines.

Ultrasound Biomicroscopy
We performed UBM in all mice. Baseline ultrasono-
graphic imaging values of the aortic root and ascending 
aorta were measured with use of the Vevo® 770 (Visual-
Sonics Inc., a division of SonoSite Inc.; Toronto, Cana-
da) at the beginning of the experiment. Imaging involved 
a 30-MHz scan head, a 12.7-mm focus, and a high reso-
lution of 40 µm. Before examination, each mouse was 
given a 0.10–0.12-mL/10-g intraperitoneal injection of 
0.5% pentobarbital sodium (45 mg/kg, in a volume of 
0.2 mL of phosphate-buffered saline solution) as anes-
thesia, which yielded heart rates of 300 to 400 beats/ 
min. The neck hair of the mice was carefully shaved, and 
warm ultrasound transmission gel was liberally applied 
to ensure optimal image quality. Electrocardiography 
with a lead II configuration was used for monitoring.
 Right parasternal long-axis images captured the as-
cending aorta, aortic arch, and neck vessels in one plane. 
Use of the aortic valve ring and the brachiocephalic ar-
tery branch as anatomic landmarks enabled precise lo-
cation of the measurement site of the ascending aorta 
during longitudinal studies. Thereafter, parasternal 
short-axis images yielded a cross-sectional view of the 
same arterial site immediately proximal to the branch of 
the brachiocephalic artery. Here, the intima-media com-
plex thickness (IMT) or atherosclerotic lesions could be 
readily seen by adjusting the distance between the trans-
ducer and the target vascular site. An optimal freeze-
frame image, which captured the largest cross-sectional 
vessel area, was selected and was taken manually to view 
and measure IMT or maximal plaque thickness.
 A 10-s cine loop was stored digitally for off line ex-
amination on a VisualSonics image-analysis system. All 
measurements were performed 3 times at the same vas-
cular site, and all images were analyzed by an operator 
who was unaware of the classifications of the mice. The 
IMT measurements were performed in accordance with 

validated protocols in human beings; IMT was defined 
as the distance from the leading edge of the lumen–
intima interface to the leading edge of the media–ad-
ventitia interface of the far wall.10,11 It was measured in 
the lesser curvature of the ascending aorta wall; the 
vascular lumen–intimal interface was selected as the 
internal measurement site and the media–adventitial 
interface as the external limit.11,12 Atherosclerotic plaques 
in the ascending aorta were viewed by means of micro-
ultrasound imaging. First, a long-axis view was used to 
see the aortic plaque. Thereafter, a short-axis view was 
taken in order to see the largest plaque site. The maxi-
mal plaque thickness was measured at the maximally 
thick point at the border with the vascular lumen and 
the adventitial layer. It was averaged from 3 lesion sites 
around the thickest part of a plaque, approximately 100 
µm apart from each other.

Intra- and Interobserver Variability
Intra- and interobserver coefficients of variation for IMT 
or maximal plaque thickness measurements were ana-
lyzed, first by one operator on 2 different occasions for 
validation of intraobserver variability, and then by a dif-
ferent operator for evaluation of interobserver variability. 
Intra- and interobserver variability were calculated with 
use of coeff icient of variation in accordance with the 
following formula: S.D. (x − y) / mean (x, y) × 100.

Histologic Measurements
After the UBM data were collected, the mice were 
killed. Each right atrium was cut open for exsanguina-
tion. The left ventricular apex was punctured with use 
of a butterfly needle, and the mouse was perfused with 
phosphate-buffered saline solution and was perfusion-
f ixed in 4% paraformaldehyde. The ascending aorta 
with neck vessels was removed and fixed in 4% parafor-
maldehyde overnight and was then embedded in paraf-
f in for histologic study. Starting at the aortic root (at 
100 µm above the aortic valve ring or, for morphologic 
reasons, at the site of maximal plaque thickness), 5-µm 
serial cross-sections were cut at 50-µm intervals along 
the ascending aorta, and the sections were stained with 
hematoxylin and eosin. Maximal plaque thickness in 
the ascending aorta and plaque area in the aortic sinus 
were measured with use of a Motic Med 6.0 automated 
image-analysis system (Motic China Group Co., Ltd.; 
Xiamen, PRC). Plaque area was delineated in the cross-
sectional view by manually outlining each lesion as de-
fined by the lumen boundary and the internal elastic 
lamina. Plaque thickness and plaque area values repre-
sent the mean values from 5 sections for each mouse.

Lipid, Lipoprotein, and Inflammatory  
Biomarker Analysis
The concentrations of total cholesterol (TC), triglycer-
ides (TG), high-density-lipoprotein cholesterol (HDL-
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C), and low-density-lipoprotein cholesterol (LDL-C) 
were measured, and their levels in each group were 
recorded.
 Levels of plasma IL-1 and CRP were quantif ied in 
each murine group. All measurements were performed 
independently by 2 researchers who used standard, 
commercially available enzyme-linked immunosorbent 
assay kits for mice. The plasma specimens were mixed 
thoroughly before assay.

Statistical Analysis
All analyses were performed with use of SPSS 13.0 
software (IBM Corporation; Armonk, NY). Resulting 
values are expressed as mean ± SD. Normality tests were 
used to determine whether the data were well-modeled 
by means of normal distribution. If the data were nor-
mally distributed, unpaired one-way analysis of variance 
was used to test IMT and plaque thickness, levels of 
plasma lipids, and inflammatory biomarkers in the 3 
murine groups. The Pearson test was used in correlat-
ing UBM and histologic values. A P value <0.05 was 
considered statistically significant.

Results

No signif icant differences in body weights were ob-
served among the 3 murine groups at the same week of 
age.

Intima-Media and Maximal Plaque Thicknesses
We found various degrees of atherosclerosis in the IL-
1Ra+/–/apoE–/– and IL-1Ra+/+/apoE–/– mice in the 
aortic sinus and ascending aorta, as seen by means of 
UBM and histology at 16 and 32 weeks. We found 
IMT thickening and the presence of atherosclerotic 
plaque in the arterial posterior wall. No atherosclerotic 
lesions were found in the control mice.
 At 16 weeks, plaque thickness in the ascending aortas 
of the IL-1Ra+/–/apoE–/– mice was significantly greater 
than that in the IL-1Ra+/+/apoE–/– mice, as measured 
by UBM and histology (P <0.01). In contrast, at 32 
weeks, the differences in plaque thickness and plaque 
area between the IL-1Ra+/–/apoE–/– mice and IL-
1Ra+/+/apoE–/– mice were not statistically significant 
(Figs. 1 and 2; Table I).

Fig. 1  Images at 16 weeks show plaque development in the vascular lumen. In the IL-1Ra+/–/apoE–/– mice, the ascending aorta is 
shown on A) ultrasound biomicroscopy (UBM) (short-axis view) with B) the corresponding histologic image; C) histologic image of the 
aortic sinus (short-axis view). In the IL-1Ra+/+/apoE–/– mice, the ascending aorta is shown in D) UBM short-axis view with E) the cor-
responding histologic image; F) histologic image of the aortic sinus. The UBM images show the border of the plaque (circled) within the 
curvature of the ascending aorta. Histologic images are H & E stains, orig. ×4. 
 

apoE = apolipoprotein E; IL-1Ra = interleukin-1 receptor antagonist
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 At 16 weeks, plaque area in the aortic sinuses of the 
IL-1Ra+/–/apoE–/– mice as measured by histology was 
greater than that in the IL-1Ra+/+/apoE–/– mice (P 
<0.01). At 32 weeks, there was no signif icant differ-
ence between these 2 genotypes (Fig. 3).

 Plaque thickness in the ascending aorta as measured 
by UBM in the IL-1Ra+/–/apoE–/– mice and IL-
1Ra+/+/apoE–/– mice was correlated with histologic 
measurements from the same vascular region (r =0.79 
and r =0.75, respectively; both P <0.01) (Fig. 4).

TABLE I. Intima–Media Thickness (mm) at the Ascending Aorta as Measured by Means of UBM and Histology in the 3 
Murine Genotypes

 IL-1Ra+/–/ApoE–/– IL-1Ra+/+/ApoE–/– IL-1Ra+/+/ApoE+/+  
Variable (n=11) (n=8) (Control; n=8) P Value

16 weeks

UBM 0.254 ± 0.035* 0.2 ± 0.038 0.085 ± 0.004 <0.0001

Histology 0.211 ± 0.026* 0.18 ± 0.037 0.057 ± 0.01 <0.0001

32 weeks

UBM 0.311 ± 0.068 0.268 ± 0.069 0.086 ± 0.003 <0.0001

Histology 0.22 ± 0.076 0.199 ± 0.062 0.063 ± 0.015 <0.0001
 
ApoE = apolipoprotein E; IL-1Ra = interleukin-1 receptor antagonist; UBM = ultrasound biomicroscopy 
 

*P <0.05 versus IL-1Ra+/+/apoE–/– mice. 
 

Values are expressed as mean ± SD. P <0.05 was considered statistically significant.
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Fig. 2  Images at 32 weeks show plaque in the vascular lumen. In the IL-1Ra+/–/apoE–/– mice, the ascending aorta is shown on A) ultra-
sound biomicroscopy (UBM) (short-axis view) with B) the corresponding histologic image; C) histologic image of the aortic sinus (short-
axis view). In the IL-1Ra+/+/apoE–/– mice, the ascending aorta is shown in D) UBM short-axis view with E) the corresponding histologic 
image; F) histologic image of the aortic sinus. The UBM images show the border of the plaque (circled). Histologic images are H & E 
stains, orig. ×4. 
 

apoE = apolipoprotein E; IL-1Ra = interleukin-1 receptor antagonist



Texas Heart Institute Journal Ultrasound Biomicroscopy in IL-1Ra/ApoE Knockout Mice      323

Intra- and Interobserver Variability
Intra- and interobserver variability was 5.2% and 7.1%, 
respectively, for UBM measurements of the ascending 
aortic IMT or plaque thickness.

Lipid, Lipoprotein, and Inflammatory Biomarker 
Measurements
Serum TC, LDL-C, and TG levels were signif icant-
ly higher in the IL-1Ra+/–/apoE–/– and IL-1Ra+/+/
apoE–/– mice than in the control mice at the same 
weeks of age (P <0.01), and the HDL-C level was lower 
in the atherosclerotic mice than in the control mice at 
the same weeks of age (P <0.05) (Table II). However, 
no significant differences in plasma lipid levels were ob-
served between the IL-1Ra+/–/apoE–/– and IL-1Ra+/+/
apoE–/– mice at the same weeks of age.

 Serum IL-1 and CRP levels in the IL-1Ra+/–/apoE–/– 
and IL-1Ra+/+/apoE–/– mice were higher than in the 
control mice (P <0.01). The serum IL-1 level was lower 
in the IL-1Ra+/–/apoE–/– mice than in the IL-1Ra+/+/
apoE–/– mice at 16 and 32 weeks (P <0.05). At 16 weeks, 
serum CRP levels in the IL-1Ra+/–/apoE–/– mice were 
higher than those in the IL-1Ra+/+/apoE–/– mice (P 
<0.01). However, CRP levels were not significantly dif-
ferent at 32 weeks between the IL-1Ra+/–/apoE–/– and 
IL-1Ra+/+/apoE–/– mice (Table III).

Discussion

Our interest in the role of IL-1Ra in atherosclerosis arises 
from recent observations suggesting a role for IL-1 and 

Fig. 3  A) At 16 weeks, the aortic sinus plaque area in the IL-
1Ra+/– /apoE–/– mice was significantly larger than in the IL-1Ra+/+/
apoE–/– mice (P <0.01). B) There was no significant difference in 
plaque area between the groups at 32 weeks. 
 

apoE = apolipoprotein E; IL-1Ra = interleukin-1 receptor antago-
nist 
 

P <0.05 was considered statistically significant.

IL-1Ra+/+/ApoE−/− IL-1Ra+/−/ApoE−/−
0

0.1

0.2

0.3

0.4

0.5

0.6

16 Weeks

A
or

tic
 S

in
us

 L
es

io
n 

A
re

a 
(m

m
2 )

0

0.1

0.2

0.3

0.4

0.5

0.6

32 Weeks

A
or

tic
 S

in
us

 L
es

io
n 

A
re

a 
(m

m
2 )

IL-1Ra+/+/ApoE−/− IL-1Ra+/−/ApoE–/–

A

B

Fig. 4  Plaque thickness measurements on ultrasound biomicros-
copy (UBM) significantly correlated to those on histopathology in 
both A) the IL-1Ra+/+/apoE–/– mice and B) the IL-1Ra+/–/apoE–/– 
mice.  
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IL-1Ra in early stages of the atherosclerotic process. 
However, the role of IL-1Ra in regard to established ath-
erosclerotic lesions is unknown. By virtue of rapid imag-
ing speed, reproducibility, and high resolution, UBM is 
an improved means of evaluating murine vascular ath-
erosclerosis.13,14 In the current study, we think that we are 
the first to use UBM in combination with histopathol-
ogy to evaluate the anti-atherosclerotic potential of IL-
1Ra on the initiation and progression of atherosclerosis.
 Atherogenesis is a complex process in which the ac-
tivation of endothelial cells (ECs) and smooth-muscle 
cells appears to play a central role.15 Interleukin-1 is one 

of the most potent proinflammatory cytokines to act 
on both ECs and smooth-muscle cells.16-18 The activ-
ity of IL-1 is counterregulated by its endogenous in-
hibitor, IL-1Ra,19,20 and IL-1Ra is expressed in ECs and 
atherosclerotic lesions.21 Treatment with recombinant 
IL-1Ra has been an effective therapy for atherosclerosis 
in apoE–/– mice.22 To determine whether IL-1Ra de-
f iciency promotes the development of atherosclerotic 
lesions, we compared the atherosclerotic lesions in IL-
1Ra+/+apoE–/– and IL-1Ra+/–/apoE–/– mice.
 Mice that lack IL-1Ra (IL-1Ra–/–) are highly suscep-
tible to lipopolysaccharide-induced death.23 These mice 

TABLE II. Comparison of Plasma Lipid Levels (mmol/L) among the 3 Study Groups

 IL-1Ra+/–/ApoE–/– IL-1Ra+/+/ApoE–/– IL-1Ra+/+/ApoE+/+  
Variable (n=11) (n=8) (Control; n=8) P Value

16 weeks

TC 12.05 ± 2.1a 11.7 ± 2.12a 4.23 ± 1.01 <0.0001

TG 0.7 ± 0.09a 0.66 ± 0.04a 0.35 ± 0.07 <0.0001

LDL-C 6.77 ± 1.94a 5.18 ± 2.01a 2.48 ± 0.99 <0.0001

HDL-C 1.45 ± 0.7b 0.98 ± 0.42b 2.28 ± 0.65 0.002

32 weeks

TC 17.95 ± 7.5a 17.37 ± 5.56a 2.7 ± 0.65 <0.0001

TG 0.71 ± 0.12a 0.67 ± 0.1a 0.37 ± 0.03 <0.0001

LDL-C 8.38 ± 2.82a 10.9 ± 4.51a 0.85 ± 0.39 <0.0001

HDL-C 1.72 ± 0. 61b 1.35 ± 0.54b 2.74 ± 0.97 0.025
 
ApoE = apolipoprotein E; HDL-C = high-density-lipoprotein cholesterol; IL-1Ra = interleukin-1 receptor antagonist; LDL-C =  
low-density-lipoprotein cholesterol; TC = total cholesterol; TG = triglycerides 
 
aP <0.01 
bP <0.05 versus IL-1Ra+/+/apoE+/+ mice. 
 

Values are shown as mean ± SD. P <0.05 was considered statistically significant.

TABLE III. Comparison of Plasma IL-1 and CRP Levels by Means of ELISA among the 3 Study Groups

 IL-1Ra+/–/ApoE–/– IL-1Ra+/+/ApoE–/– IL-1Ra+/+/ApoE+/+  
Variable (n=11) (n=8) (Control; n=8) P Value

16 weeks

CRP (ng/mL) 10.02 ± 1.7a,b 8.04 ± 2.56b 2.03 ± 1.07 <0.0001

IL-1 (pg/mL) 80.56 ± 16.91b,c 101.16 ± 12.88b 60.7 ± 24.82 0.001

32 weeks

CRP (ng/mL) 7.59 ± 3.26b 9.46 ± 2.32b 2.12 ± 1.01 <0.0001

IL-1 (pg/mL) 78.41 ± 14.69b,c 90.26 ± 20.39b 60.35 ± 15.49 0.002
 
ApoE = apolipoprotein E; CRP = C-reactive protein; ELISA = enzyme-linked immunosorbent assay; IL-1 = interleukin-1; IL-1Ra = 
interleukin-1 receptor antagonist 
 
aP <0.01 versus IL-1Ra+/+/apoE–/– mice. 
bP <0.01 versus IL-1Ra+/+/apoE+/+ control mice. 
cP <0.05 versus IL-1Ra+/+/apoE–/– mice. 
 

Values are shown as mean ± SD. P <0.05 was considered statistically significant.
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develop various spontaneous inflammatory diseases in 
accordance with their genetic background.24 Double-
knockout mice (IL-1Ra–/–/apoE–/–) have shown signs 
of severe aortic inflammation and a high mortality rate.25 
Moreover, in our study, so few IL-1Ra–/–/apoE–/– mice 
were produced that we chose IL-1Ra+/–/apoE–/–/ mice 
as the study group.
 In our study, we observed no significant differences 
in body weights or plasma lipid levels between the 
IL-1Ra+/–/apoE–/– and IL-1Ra+/+/apoE–/– murine 
genotypes. This study therefore compared atheroscle-
rotic lesions between them, to exclude differences in 
body weight or lipid levels as confounding factors. At 
16 weeks, plaque thickness in the ascending aortas of 
the IL-1Ra+/–/apoE–/– mice as measured by UBM 
and histology was greater than that in the IL-1Ra+/+/
apoE–/– mice. The plaque area measured by means of 
histology in the aortic sinus showed the same trend. 
Accordingly, partial IL-1Ra deficiency might be suf-
ficient to promote early atherogenesis in the context of 
particular genetic disorders associated with hypercho-
lesterolemia. In another study,26 IL-1β+/+/apoE–/– mice 
showed opposite results: the size of atherosclerotic le-
sions in the aortic sinus in IL-1β+/+/apoE–/– mice at 
12 and 24 weeks of age showed a significant decrease 
of 30% when compared with the size in the IL-1 β+/+/
apoE–/– mice. That report26 might support our results, 
and the investigators further suggested that the balance 
of inflammatory cytokine IL-1 and IL-1Ra influences 
the early development of atherosclerosis. Although le-
sion size in our IL-1Ra+/–/apoE–/– mice at 32 weeks 
tended to be larger than that in the IL-1Ra+/+/apoE–/– 
mice, the differences did not achieve statistical signifi-
cance.
 Inflammation is thought to play a major role in the 
initiation and progression of atherosclerosis and in the 
development of its sequelae.27 In our study, the apoE–/– 
mice had significantly higher plasma IL-1 levels than 
did the nonatherosclerotic control mice. This indi-
cates a relationship between IL-1 and atherosclerosis in 
apoE–/– mice. Interleukin-1 activity is counterbalanced 
by IL-1Ra.4,5 Interleukin-1 and IL-1Ra have been sug-
gested to be an important pathogenic pair in this pro-
cess, and their balance has been reported to influence 
atherosclerotic development. Our study showed that 
serum IL-1 levels were lower in IL-1Ra+/–/apoE–/– 
mice than in IL-1Ra+/+/apoE–/– mice at 16 and 32 
weeks. This might be related to the deficiency of IL-
1Ra in the IL-1Ra+/–/apoE–/– mice, and the balance 
between IL-1 and IL-1Ra.
 Plasma CRP level has been recommended as a risk 
marker of choice in predicting atherosclerotic develop-
ment,28 and numerous results from in vitro experiments 
strongly point toward a proatherogenic role for CRP. 
However, until the current study, no evidence support-
ed an active proatherogenic action of CRP in vivo. We 

found higher CRP concentrations in our atherosclero-
sis-model mice than in our nonatherosclerotic control 
mice. This suggests that higher CRP concentration is 
significantly correlated with atherosclerosis. However, 
plasma CRP levels did not increase signif icantly by 
age in our apoE-knockout mice. In addition, in com-
parison with IL-1Ra+/+/apoE–/– mice, our IL-1Ra+/–/
apoE–/– mice had higher plasma CRP concentrations 
at 16 weeks, but not at 32 weeks, when there were no 
significant differences between the 2 groups. These re-
sults suggest that CRP might affect the initiation of 
atherosclerosis, rather than its progression.
 The main limitation of this study is the lack of evi-
dence of how a deficiency of IL-1Ra promotes the de-
velopment of atherosclerotic lesions. After subsequent 
experimentation, we plan to provide mechanistic evi-
dence of the anti-atherosclerotic effects of IL-1Ra on 
the initiation and progression of atherosclerosis.
 In conclusion, our results suggest that UBM enables 
the evaluation of atherosclerotic lesions in vivo, non-
invasively, and in real-time in apoE–/– mice. Partial 
IL-1Ra deficiency might promote early plaque develop-
ment in apoE–/– mice at 16 weeks of age. The balance 
of IL-1 and IL-1Ra might influence atherosclerotic de-
velopment. Finally, CRP might affect the initiation of 
atherosclerosis, rather than its progression.
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