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ONLINE SUPPLEMENT 

 
 
MATERIALS AND METHODS 
 
 
Histology and immunohistochemistry 

Atherosclerotic lesions in the aortic root were quantitatively analyzed as previously described 1. 

Briefly, the upper portion of the heart and proximal aorta was excised and embedded in OCT 

compound (Tissue-Tek) and frozen 2. Serial 10-µm-thick cryosections in the aortic root, 

beginning at the level of the appearance of the aortic valve, were collected for a distance of 500 

µm. A total of 25 sections, selected as every other section collected over the entire region, were 

stained with Oil Red O and counterstained with hematoxylin. The lipid-containing area on each 

section was determined by using a microscope eyepiece grid and expressed in µm2 lesional 

area/section. The mean value of lesional areas among the 500 µm-spanning sections was referred 

as the aortic lesion score (µm2/section). Cellular composition was assessed by 

immunohistochemical staining of alternating sections to those stained with Oil Red O, in 3 

sections per animal and averaged over four animals per group. Assessment was performed for 

macrophages (MOMA-2, Beckman Coulter) and smooth muscle cells (smooth muscle α-actin, 

Spring Bioscience). Planimetric analysis was performed at 10X using ImagePro Plus software. 

Relative content of macrophages and/or smooth muscle cells was determined by the percentage 

of the positively-stained area over the entire lesional area. 

 

Blood chemistry 

Retro-orbital bleeding was performed under isoflurane anesthesia in 6-hour fasting animals, 1 

week prior to the onset (5 weeks of age) as well as at the termination of the exposure protocols 

(11 weeks of age). Plasma total and HDL cholesterol were determined by enzymatic assays as 

previously described 3.   

 

Monocyte Chemotaxis Assay 

This assay evaluates the protective capacity of HDL against LDL-induced monocyte chemotactic 

activity. Monocytes were isolated from blood obtained from a large pool of healthy donors at the 

UCLA Division of Cardiology, Atherosclerosis Research Unit. Human aortic endothelial cells 
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(HAEC) and human aortic smooth muscle cells (SMC) were isolated from trimmings of fresh 

surgical aortic specimens from normal donor hearts during transplantation. Endothelial and 

smooth muscle cells were grown, propagated and used for forming an artery wall model in 

culture. Cocultures of HAEC and SMC were treated for 18 hours with a standard source of 

human LDL (100 µg LDL protein/ml), in the absence or presence of a standard source of human 

or murine HDL (50 µg HDL protein/ml). The LDL and HDL were isolated from normal standard 

plasma by FPLC4.  The cells were then washed and incubated in fresh culture medium for 8 

hours, following which supernatants were collected to assess monocyte chemotactic activity after 

40-fold dilution, which is expressed as the number of monocytes that have transmigrated per 

high power field, HPF 4. LDL-induced monocyte chemotactic activity is mostly (70 +/- 4%) a 

result of the induction of MCP1 secretion, stimulated by oxidized phospholipids that form during 

the oxidation of LDL by the artery wall cells to generate minimally oxidized LDL 5. HDL ability 

to block monocyte chemotaxis correlates with its antioxidant capacity that decreases the 

generation of minimally oxidized LDL, resulting in inhibition of MCP1 induction and decreased 

monocyte binding and migration 6-8. 

 

 
Lipid Peroxidation Assay 

Malondialdehyde (MDA) content was measured in liver homogenates with a colorimetric assay 

(OxisResearch, OR) according to the manufacturer’s instructions 9. A standard curve was used to 

calculate the concentration (nmol/g) of MDA for each sample. The final MDA level represents 

the average of 14-16 age-matched animals/group. 

 
 
RNA extraction and real-time RT-PCR  

Total RNA was extracted from liver tissue with the Trizol method (Invitrogen). Reverse 

transcription was performed using 1 µg of RNA with the iScript cDNA Synthesis kit (Bio-Rad, 

Hercules, CA). Quantitative real-time polymerase chain reaction (qPCR) was used to measure 

tissue mRNA expression for heme oxygenase-1 (HO-1), NF-E2-related factor-2 (Nrf2), catalase, 

superoxide dismutase 2 (SOD2), NAD(P)H-quinone oxidoreductase 1 (NQO1), glutathione S-

transferase-Ya (GST-Ya), activating transcription factor (ATF4) and β-actin, utilizing specific 

PCR primers 10.  The reactions were performed in duplicate on an ABI Prism 7000 (Applied 
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Biosystems, Foster City, CA, USA) using iQ Sybr Green Supermix (Bio-Rad). Reactions were 

performed with 0.4 µM of primers and 1 µg of cDNA template as follows: 95°C for 3 min, 40 

cycles of 95°C for 15 sec, 58 - 64°C for 30 sec and 72°C for 30 sec.  A standard curve was 

created from serial dilutions of a pooled sample of cDNA. Gene expression was normalized to β-

actin. PCR levels were displayed as arbitrary units. 
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Supplemental Table I. Cellular composition of atherosclerotic lesions  
 
 
 

 
 
MOMA-2 and SMC α-actin immunohistochemical staining were performed in 3 sections/animal 

(n=4 animals/group). Planimetric analysis was performed at 10X using ImagePro Plus software. 

Data shown represent mean ± SE of positive stained area/total lesion area x 100. Statistical 

analysis was performed by one-way ANOVA with Fisher’s PLSD post hoc analysis. FA: filtered 

air, FP: fine particles, UFP: ultrafine particles. 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Group 
 

MOMA-2 (%) p (vs. FA) SMC actin (%) p (vs. FA)  

FA 88±7 - 14±5 - 
FP 86±2 0.60 10±5 0.58 
UFP 88±3 0.91 5±7 0.42 
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Supplemental Table II. Plasma lipoproteins.  
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Mice were bled after 6-hour fasting. Baseline samples were collected one week prior to the 

beginning of exposure protocols. Samples taken at the end of the protocols were collected 24 

hours after the last exposure. Values are given as mean ± SE (mg/dl).  NM: not measured. † p 

(vs. FA group) ≤ 0.01, ‡ p (vs. UFP group) < 0.05. FA: filtered air, FP: fine particles, UFP: 

ultrafine particles. 

 

  Total cholesterol 
(mg/dl) 

HDL cholesterol 
(mg/dl) 

Baseline     
FA (n=17) 349 +/- 13 11 +/- 1 
FP (n=17) 355 +/- 13 11 +/- 1 
UFP (n=17) 352 +/- 12 11 +/- 1 
End of protocol     
FA (n=16) 397 +/- 13 9 +/- 1 
FP (n=16) 459/- 21†‡ 8 +/- 1 
UFP (n=15) 402 +/- 19 8 +/- 0.5 


