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Abstract

Objective—To test the hypothesis that the attenuation of CO packaging into apoB-containing 

lipoproteins will arrest progression of pre-existing atherosclerotic lesions.

Approach and Results—Atherosclerosis was induced in apoB-100 only, LDLr−/− mice by 

feeding a diet enriched in cis-monounsaturated fatty acids (cis-MUFAs) for 24 weeks. A subset of 

mice was then sacrificed to quantify the extent of atherosclerosis. The remaining mice were 

continued on the same diet (controls) or assigned to the following treatments for 16 weeks: (1) a 

diet enriched in n-3 polyunsaturated fatty acids, (2) the cis-MUFA diet plus bi-weekly injections 

of an antisense oligonucleotide (ASO) specific to hepatic SOAT2; or (3) the cis-MUFA diet and 

bi-weekly injections of a non-targeting hepatic ASO. Extent of atherosclerotic lesions in the aorta 

was monitored morphometrically in vivo with magnetic resonance imaging (MRI) and ex vivo 

histologically and immunochemically. Hepatic knockdown of SOAT2 via ASO treatment arrested 

lesion growth and stabilized lesions.

Conclusions—Hepatic knockdown of SOAT2 in apoB100-only, LDLr−/− mice resulted in 

remodeling of aortic atherosclerotic lesions into a stable phenotype, suggesting SOAT2 is a viable 

target for treatment of atherosclerosis.
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INTRODUCTION

Disruption of unstable atherosclerotic plaques accounts for most acute clinical events 

associated with coronary heart disease (CHD)1. Imbalance in vascular lipid homeostasis 

results in lipid deposition in the artery wall, a primary feature of atherosclerosis. Lipid 

accounts for over 40% of the cross-sectional area in lesions with a high propensity to 

rupture2. Thus, it is of interest to identify targets that reduce lipid content in atherosclerotic 

lesions and favor remodeling into a more stable plaque phenotype.

Studies of atherosclerosis in humans3, 4 and animal models5 suggest that at least in part, 

robust reductions in circulating levels of apoB-containing lipoproteins are required to 

favorably remodel the plaque. Understudied, but also potentially important, are interventions 

that reduce the cholesterol oleate content of plasma apoB-containing lipoproteins, which 

limit the development of atherosclerotic lesions. A body of evidence indicates that 

cholesterol oleate (CO) is an important factor in the pathobiology of atherosclerosis. For 

instance, in the Atherosclerosis Risk in Communities (ARIC) study, Ma et al. showed that 

carotid artery wall intima-media thickness (IMT) was positively associated with plasma CO 

levels6. Moreover, the Uppsala Longitudinal Study of Adult Men showed a positive 

association between death from cardiovascular disease and plasma CO concentrations7. 

Studies in nonhuman primates have shown that core enrichment of low-density lipoproteins 

(LDLs) with CO is strongly and positively associated with more severe coronary artery 

atherosclerosis8, 9.

Steroyl O-acyltransferase 2 (SOAT2), an enzyme bound to the endoplasmic reticulum in 

hepatocytes and enterocytes, catalyzes the formation of CO from fatty acyl-CoA and free 

cholesterol. Genetic deletion or knockdown of SOAT2 in mice inhibits packaging of CO 

into apoB-containing lipoproteins and protects against atherogenesis10, 11. Dietary studies, in 

which availability of the preferred substrate of SOAT2, monoacyl-CoA was limited, also 

showed reduced CO packaging into apoB-containing lipoprotein particles and 

atheroprotection in nonhuman primates9 and mouse models of atherosclerosis11, 12.

Despite the strong evidence that inhibition of SOAT2 prevents atherosclerosis, it is unknown 

whether SOAT2 inhibition could treat established atherosclerotic lesions. In the present 

study, we hypothesized that reducing CO content of apoB-containing lipoproteins via 

SOAT2 inhibition would promote regression of lipid-rich atherosclerotic lesions in 

apoB-100 only LDLr−/− mice. To inhibit SOAT2, we used an antisense oligonucleotide 

(ASO) to specifically knock down gene expression of SOAT2 in the liver. A novel magnetic 

resonance imaging (MRI) protocol was developed to measure changes in the wall of the 

aortic arch in mice. Hepatic knockdown of SOAT2 arrested aortic lesion growth and 

resulted in a plaque composition consistent with a more stable phenotype, suggesting that 

SOAT2 could be a valuable therapeutic target for the treatment of atherosclerosis.

METHODS

Materials and Methods are available in the online-only data supplement.
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RESULTS

MRI can monitor changes in aortic wall area in vivo

One aim of this study was to evaluate MRI as a tool to monitor temporal changes in 

atherosclerosis in vivo. Thus, we developed a technique to capture transverse images of the 

aorta at a resolution of 59 X 59 X 250 μm3, a high degree of in vivo voxel resolution. To 

assess the accuracy of the technique, transverse MR images were directly compared to ex 

vivo histologic sections from the same region of the aorta. Aortic morphology on MR 

images showed excellent agreement with histological sections from both Period 1 (Figure 

1A) and Period 2 (Figure 1B). Using both methods, we observed eccentric thickening of the 

aorta on the ventral side of the vessel during lesion development; a finding consistent with 

previous reports that lesion formation in LDLr−/− mice occurs at the lesser curvature of the 

arch13.

Using MRI, we measured aortic wall area by manually tracing the outside and inside borders 

of the vessel (Figure 1C). Areas occupied within the outside and inside borders were defined 

as the outer wall area and lumen cross-sectional areas, respectively, and the difference 

between the two was defined as the cross-sectional area of the vessel wall. Cross-sectional 

wall area measurements were compared between MRI and histologically stained sections. A 

regression analysis (Figure 1D) showed a strong relationship between the values obtained 

from either method (R2=0.75, P<0.0001). The relationship was further assessed by 

generating a Bland-Altman plot (Figure 1E), to determine systematic differences between 

two measurement techniques. The overall mean difference in values obtained between the 

two methods was 0.9 mm2. All data points fell within the limits of agreement (mean 

difference ± 1.96 SD), indicating the two methodologies can be used interchangeably for 

monitoring changes in arterial wall morphometry.

SOAT2 ASO treatment results in smaller atherosclerotic lesions in vivo

Transverse MR images were obtained throughout each period of the study; we averaged 

values for each mouse from at least 3 MR images per mouse. Figure 2 illustrates the 

morphometric changes in the artery wall over time. Wall area increased in both diet groups 

during Period 1 (Figure 2C); however, the cis-MUFA group had accelerated wall growth 

compared to n-3 PUFA animals after 12 and 24 weeks on diet. As an additional 

measurement of atherosclerosis burden, we normalized wall area to outer wall area as an 

approximate evaluation of lesion encroachment into the lumen (Figure 2D). The cis-MUFA-

fed group showed increased encroachment at both 12 and 24 weeks of treatment compared 

to the n-3 PUFA-fed group. This accelerated lesion development is consistent with previous 

reports in apoB-100, LDLr−/− mice using the same experimental diets11, 14.

Changes in arterial morphometry for Period 2 are shown in Figure 2E–H. Wall area 

increased during the first 12 weeks of Period 2 in all three experimental groups (Figure 2G). 

However, at 16 weeks, wall area was significantly reduced in the SOAT2 ASO group versus 

the cis-MUFA and n-3 PUFA groups. Furthermore, after 16 weeks, SOAT2 ASO-treated 

mice had reduced encroachment indicative of lesion reduction.
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SOAT2 ASO-treated mice have less aortic atherosclerosis and accelerated plaque 
stabilization

We evaluated atherosclerosis histologically and chemically at the end of Period 2 and 

compared treatment groups with cis-MUFA mice sacrificed at the end of Period 1. 

Histologic sections of the aortic arch were stained with VVG and morphometrically 

assessed. Measurements were obtained in a subset of 4 mice per group after averaging 4 or 

more cross-sections per mouse (see Supplemental Table I). Intimal area was measured and 

used as the morphometric evaluation of atherosclerotic burden. Intimal area increased in all 

experimental groups at the end of Period 2; however, SOAT2 ASO-treated mice had the 

smallest increase and were not statistically different from cis-MUFA mice sacrificed at the 

end of Period 1.

Lipid and collagen content, markers of lesion stability15, 16, were evaluated from slides 

stained with Oil-Red-O (ORO) for lipid or Masson’s trichrome (MT) for collagen. 

Representative stained sections from each group are included in Supplemental Figure IV. 

Sections from the SOAT2 ASO-treated group had less lipid (14.3% vs 1.4%) but more 

collagen (10.9% vs 29.6%) compared to Period 1 cis-MUFA-fed mice (Figures 3B, 3C). 

Although no statistically significant differences were found in the n-3 PUFA-treated group 

after Period 2 compared to the cis-MUFA group after Period 1, results showed a trend 

similar to SOAT2 ASO treatment. To further investigate plaque stability, we calculated the 

ratio of lipid to collagen; lower ratios indicated a more stable lesion. The cis-MUFA-fed 

group at Period 2 had the highest ratio (0.29), followed by the n-3 PUFA-fed group at Period 

2 (0.25); the SOAT2 ASO-treated group had the lowest ratio (0.05).

We then measured cholesterol ester and free cholesterol content in the abdominal aorta distal 

to the aortic arch (Figures 3D, 3E). The control group had the largest increase (over twofold) 

in CE deposition in the artery wall after 24 weeks of diet. Mice receiving the n-3 PUFA diet 

during Period 2 also had significantly more CE deposition into the artery wall compared to 

mice consuming the cis-MUFA diet in Period 1. Mice receiving SOAT2 ASO had no 

additional CE accumulation in the abdominal aorta after 16 weeks of treatment. FC was 

significantly elevated in all groups at Period 2 compared to control mice after Period 1.

Plasma lipoprotein concentrations are attenuated in mice treated with n-3 PUFAs and 
SOAT2 ASO

Previous studies in this model have shown that diet composition and expression of SOAT2 

can influence plasma lipoprotein concentrations10, 11, 14. Figure 4 shows the total plasma 

cholesterol (TPC) response (Figure 4A) and cholesterol distribution among lipoproteins 

(Figure 4B–C) during the study. TPC in control mice fed the cis-MUFA diet increased from 

370 mg/dl to 1,536 mg/dl over 24 weeks, mostly attributable to large increases in the apoB-

containing very-low and low-density lipoproteins (VLDL and LDL). Most of the increase 

(64%) occurred in the LDL fraction. There was a small (~18 mg/dl) but significant elevation 

in high-density lipoprotein (HDL) concentrations, which accounted for about 1% of the 

increase in TPC. In contrast, the TPC and cholesterol concentrations in n-3 PUFA-fed mice 

remained at or near baseline values throughout Period 1.
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During Period 2, a modest, but non-significant decrease in TPC was observed in the cis-

MUFA-fed group. Large decreases in TPC were observed in the n-3 PUFA-fed (decrease of 

874 mg/dl) and SOAT2 ASO-fed (982 mg/dl) groups after 16 weeks. Most of the decrease 

in both groups was attributable to reductions in the apoB-containing lipoproteins. In the n-3 

PUFA-fed group, VLDL contributed ~40% of the decrease and LDL contributed ~ 60% of 

the decrease. HDL remained unchanged after 16 weeks of treatment. In the SOAT2 ASO-

treated group, LDL accounted for 61% of the decrease in TPC, whereas VLDL accounted 

for (37% of the decrease. Although HDL only accounted for 2% of the decrease in TPC in 

the SOAT2 ASO-treated group, there was a nearly 2-fold reduction within the HDL fraction 

(to 26.7 mg/dl) after 16 weeks of SOAT2 ASO treatment.

LDL composition is altered in mice treated with n-3 PUFAs and SOAT2 ASO

LDL was isolated from plasma by ultracentrifugation; compositional differences among 

experimental groups are summarized in Supplemental Table II. Each constituent is 

expressed as a percentage of the LDL particle. No compositional differences were observed 

in LDLs from cis-MUFA mice in either Period 1 or 2. At the end of Period 2, both n-3 

PUFA and SOAT2 ASO-treated mice had compositional differences in LDL surface 

constituents and increased protein and decreased detectable PL, compared to cis-MUFA 

mice sacrificed at the end of Period 1. Additionally, the n-3 PUFA Period 2 mice had LDLs 

with an increase in FC. Alterations in LDL core constituents were only observed in SOAT2 

ASO-treated mice in Period 2; they had an increase in percentage of core TG and a trend 

towards decreased core CE percentage (P=0.054).

Individual LDL CEs were quantified by mass spectrometry; percentages based on individual 

fatty acid components are shown in Table 1. Dietary fat type significantly altered the CE 

species of the LDL core during Period 1. Although LDL CEs from both experimental diet 

groups contained primarily monounsaturated fatty acids (45–50%), the primary differences 

observed in CEs between the two groups were in polyunsaturated fatty acids. n-3 and n-6 

polyunsaturated fatty acids contributed 7% and 36%, respectively, of the LDL CE fraction in 

the cis-MUFA-fed group. In the n-3 PUFA group, n-3 and n-6 polyunsaturated fatty acids 

contributed 36% and 16%, respectively, of the LDL CE fraction. Within the 

monounsaturated CEs, the primary difference between the two groups was observed in CO 

(%18:1). CO contributed 38% of the CE fraction in the cis-MUFA group and 25% in the n-3 

PUFA group.

In Period 2, no differences in fatty acid composition were observed in the cis-MUFA-fed 

group, but both the n-3 PUFA-fed and SOAT2 ASO-treated mice had significantly altered 

CE species in the LDL core. Dietary treatment with n-3 PUFAs reduced monounsaturated 

CEs by 8%. The primary differences observed in the n-3 PUFA group were in the amounts 

of n-3 and n-6 polyunsaturated fatty acids in the CE core. After the 16 weeks of treatment, 

n-3 polyunsaturated fatty acids increased from 7% to 35% and n-6 polyunsaturated fatty 

acids decreased from 36% to 16%. In comparison, SOAT2 ASO significantly reduced the 

amount of monounsaturated CEs in the LDL (from 51% to 15%), increased n-3 

polyunsaturated CEs from 7% to 14%, and increased n-6 polyunsaturated CEs from 36% to 

68%. Both the n-3 PUFA-fed and SOAT2 ASO-treated mice had a reduction in CO content 
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in LDL. CO comprised 38% of the CE fraction prior to treatment. Dietary treatment with n-3 

PUFAs reduced CO to 25% and SOAT2 ASO reduced CO to 10%.

LDL CE composition is associated with severity of atherosclerosis

We had hypothesized that eliminating the atherogenic insult (i.e. LDL enriched in CO) could 

facilitate plaque resolution. Figure 5 highlights the relationship between the CO enrichment 

of the LDL and atherosclerosis as evaluated in vivo by MRI, histologically, and 

immunochemically for Periods 1 (Figure 5 A–D) and 2 (Figure 5E–H). LDLs from the cis-

MUFA control groups had the greatest enrichment in CO, followed by the n-3 PUFA fed 

mice and the SOAT2 ASO treated mice (Figure 5A and 5E). Atherosclerosis measurements 

by each method mirrored the degree of enrichment of the LDL in CO. For Period 1, the cis-

MUFA fed mice had larger wall areas, intimal areas and more CE deposition into the 

abdominal aorta compared to the n-3 PUFA fed mice. A step-wise decrease in 

atherosclerosis burden was observed after Period 2 with the cis-MUFA control mice having 

the most severe burden followed by the n-3 PUFA fed mice and the SOAT2 ASO treated 

mice.

DISCUSSION

This is the first study to show the importance of SOAT2 in the treatment of established 

atherosclerosis. Here, we extend earlier work to show that gene knockdown of hepatic 

SOAT2 attenuates CO packaging into LDL; this compositional modification was associated 

with less aortic atherosclerosis, which was measured by MRI, histology, and chemically. 

SOAT2 treatment caused a striking reversal of aortic wall area over the final four weeks of 

treatment (Figure 2D) suggesting lesion size regression. Lesions contained 10-fold less lipid 

and nearly three times more collagen content compared to lesions from mice sacrificed at 

baseline in Period 2 (Figure 3B, 3C). Both findings are consistent with favorable remodeling 

of lesions to a more stable phenotype15, 16.

Because MR images were captured at the end of systole during maximum blood flow to 

eliminate signal from the blood, measurements of the same sections were consistently larger 

on MR than when measured histologically where sections were obtained from flaccid 

vessels at post mortem. Additionally, vessels shrink after removal from the body and during 

histological preparation17–19, and storage at low temperatures may exacerbate this 

phenomenon. A combination of all of these factors likely caused the quantitative differences 

observed between MR images and histology; a finding consistent with previous studies 

comparing these techniques20, 21. However, the consistency of these differences across all 

experimental groups and the strong relationships with histological data indicate the MRI 

technique was an accurate and sensitive tool for monitoring wall morphology and changes 

associated with disease development and treatment.

Both n-3 PUFA and SOAT2 ASO treatments arrested CE deposition into the artery wall 

(Figure 3D); however, we observed an increase in arterial FC content in both experimental 

groups. This is consistent with regression studies in both non-human primates22 and mice23 

which reported that early stages of plaque regression were accompanied by robust decreases 

in arterial CE and foam cells with concomitant increases in FC. In the current study 
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abdominal FC:CE was highest in the SOAT2 ASO treated mice (1.6) compared to the n-3 

PUFA and cis-MUFA experimental groups (~1.0). Additionally, MRI measurements show 

rapid decreases in the wall area exclusively in the SOAT2 ASO group contained to the final 

four weeks of the study. Taken together, this suggests that the SOAT2 ASO treatment group 

was still in the earlier stages of lesion repair.

The benefits of hepatic SOAT2 knockdown were observed in the apoB100-only, LDLr−/− 

mouse model, with high circulating levels of LDL. This model was chosen because it is 

reflective of the lipoprotein distribution seen in humans. The 24-week atherogenic diet 

challenge in Period 1 exacerbated the size, complexity, and severity of the plaques in the 

aorta. Furthermore, mice received the SOAT2 treatment while still consuming the 

atherogenic diet, mimicking the typical human diet. This makes this study translationally 

relevant considering that in humans, atherosclerosis begins in early childhood24 and thus 

therapeutic approaches to reverse vulnerable plaque formation are highly desired.

Recently, we have shown that cholesterol esters derived from hepatic SOAT2 are associated 

with more severe atherosclerosis than those from the intestine25 in LDLr−/− mice. This was 

found despite lower SOAT2 activity levels in the liver compared to the intestine of these 

mice. The current study used an ASO to specifically target SOAT2 in the liver. This ASO 

has been previously characterized and used in multiple studies10, 26, 27. It is highly specific 

to hepatic SOAT2 and results in no observable liver toxicity or non-specific effects on 

intestinal SOAT2 or SOAT1 activity levels10. Results from this study suggest that 

pharmacologic intervention to knockdown SOAT2 in the liver is effective for remodeling 

atherosclerotic lesions into a more stable phenotype. Importantly, SOAT2 is the major 

cholesterol-esterifying enzyme in human liver. Furthermore, it appears that SOAT2 activity 

levels in humans recapitulate what we recently reported in the LDLr−/− mouse25 with 

humans having low hepatic SOAT2 activity28 relative to intestinal SOAT2 activity29. We 

have shown that intestinal depletion of SOAT2 effectively blocks cholesterol ester 

accumulation in the liver and plasma30; however, further investigation is needed to 

determine whether inhibition of SOAT2 at the intestinal level provides the same benefit for 

preexisting disease.

SOAT2 ASO-treated mice had a 44% reduction in plasma HDL cholesterol. This is 

paradoxical as HDL is generally accepted to play a critical role in the removal excess arterial 

cholesterol via reverse cholesterol transport. However, HDL is a heterogenous population of 

particles,31 and different populations have different functions32. A previous report using the 

same SOAT2 ASO in mice found that reduction of hepatic SOAT2 activity resulted in a 

redistribution of plasma cholesterol into larger HDL particles27. The authors characterized 

the particle population showing it was enriched in both apolipoproteins A–I and E and, 

importantly, had increased cholesterol efflux capacity. Interestingly, this was only observed 

when the western-type diet was started prior to the SOAT2 ASO intervention like the 

present study. Thus, it’s reasonable that while we observed a decrease in total plasma HDL 

cholesterol, there was an increase in this subpopulation of HDL that promotes cholesterol 

efflux out of the artery wall. This is translationally relevant as HDL cholesterol is inversely 

correlated to SOAT2 activity33 and SOAT2 has been identified as a candidate gene that 

impacts HDL levels in humans34
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Circulating levels of apoB-containing lipoproteins, particularly LDL, are important in the 

initiation and development of atherosclerosis5 thus it makes sense that robust reductions in 

LDL are required for plaque regression. Both SOAT2 treatment and dietary intervention 

with n-3 PUFAs resulted in marked reductions in circulating levels of LDL. However, 

favorable remodeling of the lesion was only observed in the SOAT2 ASO treatment group 

suggesting that lowering LDL alone is not sufficient to achieve plaque regression. Several 

mechanisms could be responsible for the benefits of SOAT2 knockdown. The primary 

difference observed between the SOAT2 ASO and n-3 PUFA groups in the current study 

was in the compositional modification of the LDL CEs. Consistent with our previous 

studies, SOAT2 knockdown was the most effective at reducing CO packaging in LDL. 

Previously we have shown that LDLs with less CO have a decreased affinity for binding to 

arterial proteoglycans and thus being retained in the artery wall which was protective against 

the development of atherosclerosis14. In addition, evidence in a different mouse model of 

atherosclerosis suggests that LDLs depleted in CO are less susceptible to aggregation (Oomi 

K, Rudel LL, unpublished data). It is likely a combination of factors lead to the beneficial 

outcome associated with SOAT2 knockdown in this study. While work remains to elucidate 

the specific mechanism(s) responsible for these results, our findings suggest that SOAT2 is a 

viable therapeutic target for treatment of atherosclerosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

apoB apolipoprotein B

ASO antisense oligonucleotide

CE cholesterol ester

CHD coronary heart disease

Cis-MUFA cis-mono unsaturated fatty acid

CO cholesterol oleate

EEL external elastic lamina
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FA flip angle

FC free cholesterol

FLASH fast low angle shot

FOV field of view

HDL high-density lipoprotein

IEL internal elastic lamina

LDL low-density lipoprotein

MRI magnetic resonance imaging

MT masson’s trichrome

n-3 PUFA n-3 polyunsaturated fatty acid

NBF neutral buffered formalin

NEX number of excitations

ORO oil-red O

PBS phosphate buffered saline

PL phospholipid

PRO protein

RF radio frequency

SOAT2 sterol-O-acyltransferase 2

TE excitation time

TG triglyceride

TPC total plasma cholesterol

TR relaxation time

VLDL very low-density lipoprotein

VVG Verhoeff-Van Gieson
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SIGNIFICANCE

Studies in humans and animal models indicate SOAT2 promotes development of 

coronary heart disease by packaging cholesterol oleate into circulating apoB-containing 

lipoproteins. Inhibition of SOAT2 has been shown to protect against the development of 

atherosclerosis but studies inhibiting SOAT2 to evaluate atheroma regression are limited. 

The current study induces complex arterial lesions which mimic vulnerable, fatty lesions 

in humans by feeding a diet enriched in monounsaturated fat, “the healthy fat”, in a 

mouse model of human atherosclerosis. We used an antisense oligonucleotide to 

knockdown expression of SOAT2 in the liver and evaluated the effects on the arterial 

lesions. We found that gene knockdown of SOAT2 inhibits packaging of cholesterol 

oleate in apoB-containing lipoproteins and results in a favorable remodeling of the 

plaques to a stable phenotype indicating SOAT2 is an important target for treatment of 

established atherosclerosis.
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Figure 1. Aortic arch measurements using MRI and histology
Transverse images of the aortic arch obtained by MRI (top row) and Verhoeff-van Gieson-

stained histological sections (bottom row) at the end of Period 1 (A) and Period 2 (B). C: 
Sample image showing how vessel wall components were delineated for MRI 

measurements. (D) and (E): Relationships between MRI and histological measurements of 

cross-sectional wall area are shown by regression analysis and a Bland-Altman plot, 

respectively. Within images, D indicates dorsal and V indicates ventral. Bars = 1 mm.
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Figure 2. Changes in aortic arch as evaluated by MRI
Vessel area, lumen area, wall area, and ratio of wall/vessel as obtained by MRI shown at 

each time point for Period 1 (A–D) and Period 2 (E–F). Bars indicate means (±SEM) for n 

≥4 mice in each experimental group. Asterisks indicate a statistically significant difference 

from cis-MUFA-fed group within each time point; P<0.05 by Tukey’s honestly significant 

difference.
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Figure 3. Effects of diet and SOAT2 knockdown on atherosclerosis
A: Histologic measurement of intimal area obtained by Verhoeff-van Gieson staining of 

sections. B and C: Lipid and collagen content, each expressed as a percentage of intimal 

area. Bars indicate means (±SEM) for n = 4 mice for each experimental group. D, E: 
Cholesterol ester (CE) and free cholesterol (FC) deposition in the abdominal aorta. Bars 

represent means (±SEM) for n = 7–11 mice for each experimental group. One-way analysis 

of variance with a Dunnet’s correction was used to determine statistically significant 

differences between the cis-MUFA-fed mice in Period 1 and groups from Period 2. 

Asterisks denote statistically significant differences at P<0.05.
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Figure 4. Effects of diet and SOAT2 knockdown on plasma cholesterol concentrations
(A): Total plasma cholesterol (TPC) concentrations determined at each time point by 

enzymatic assay. Cholesterol distribution among lipoprotein classes at each time point (B–
D) was determined after gel filtration chromatography to separate lipoprotein classes. Bars 

indicate means (±SEM) for n≥5 mice per experimental group at each time point. Asterisks 

indicate a statistically significant difference from cis-MUFA fed experimental mice (black 

circles) within each time point with P<0.05 by Tukey’s honestly significant difference. 

HCLc, high-density lipoprotein cholesterol; LDLc, low-density lipoprotein cholesterol; 

VLDLc, very low-density lipoprotein cholesterol.
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Figure 5. Relationships between atherosclerosis and LDL cholesterol oleate
LDL cholesterol oleate content (%18:1 LDL CE), MRI wall area, histological intimal area, 

and aortic cholesterol ester content for Period 1 (A–D, respectively) and Period 2 (E–H, 

respectively). Bars indicate means (±SEM) for n=5 mice in each experimental group for 

LDL cholesterol oleate, n=4–6 mice in each experimental group for wall area, n=4 mice in 

each experimental group for intimal area, and n≥9 mice in each experimental group for 

aortic CE content. One-way analysis of variance with a Dunnet’s correction was used to 

determine statistically significant differences between the cis-MUFA-fed mice and other 

groups. Asterisks denote statistically significant differences at P<0.05.
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