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Aims: 
Chronic inflammation of large blood vessels, as seen in atherosclerosis, is 
associated with kidney dysfunction (3) and lipoprotein disorders (1). In broad 
outline, the relation of systemic atherosclerosis and kidney function has been 
documented (2; 4).  
The purpose of our study was to demonstrate high-resolution micro-CT`s 
feasibility for quantitative imaging the renal vasculature as a marker of kidney 
function in the apoE-/-/LDL-/- double knockout mice, a model of advanced 
atherosclerosis. 
 
Methods: 
Experimental Design: 
Experiments were performed according to the ñGerman Animal-Protection 
Lawò (1993). Approval of the institutional animal care and use committee was 
obtained before the start of this study. 
Six male apoE-/-/LDL-/- double knockout mice (80 weeks) were euthanized with 
a fatal dose of inhalative trichlormethane. Male C57/BL mice (n = 5) served as 
controls. They were infused with Microfil, harvested and scanned with micro-
CT (12 ɛm cubic voxels) and Nano-CT (900 nm cubic voxels). 
Micro-Computed Tomography: 
The kidneys were scanned in a micro-computed tomograph (micro-CT) 
manufactured and developed by SkyScan (SkyScan1072_80kV; Belgium). 
The X-ray system is based on a microfocus tube (20-80 kVp, 100ɛA) reaching 
a minimum spot size of 8 ɛm at 8W generating projection images irradiating 
X-rays in cone-beam geometry. This system has been described recently (5). 
The resulting 3D images were displayed using image analysis software 
(Analyze® 6.0; Biomedical Imaging Resource, Mayo Clinic, Rochester, MN). 
For this study, the Micro-CT scanner was configured so that the side 
dimension of the cubic voxels was 12 ɛm (8-bit grayscale). 
Nano-Computed Tomography: 
For more detailed analysis of the microvascular anatomy of the kidney the 
samples were rescanned at 900 nm voxel size at 12-bit grayscale using a 
nano-computed 



tomograph (Nano-CT_2011), manufactured and developed by SkyScan® 
(Kontich, Belgium).The microfocus X-ray source is a pumped type source 
(open type x-ray source) with a LaB6 cathode. The electron beam is focused 
by two electromagnetic lenses onto the surface of an x-ray target. The x-ray 
target (Au) contains a thin tungsten film plated on the surface of the beryllium 
window producing x-ray emission reaching a minimum spot size of < 400nm. 
At this small spot size, small-angle scattering enhances object details down to 
150 nm isotropic voxels size. The X-ray detector consists of a 12-bit digital, 
water-cooled CCD highresolution (1280 x1024 pixel) camera with fibre optic 
3.7:1 coupling to an X-ray scintillator and digital frame-grabber. In our 
experimental setting, samples were positioned on a computer controlled 
rotation stage and scanned 180° around the vertical axis in rotation steps of 
0.25 degrees at 40 kVp. 
Histology: 
After nano-CT scanning, all kidneys were embedded in paraffin wax and cut 
into cross-sections of 6 ɛm with a microtome. The sections were stained with 
haematoxylin & eosin and PAS (Periodic acid-Schiff stain). 
Neutral-buffered formalin-fixed, paraffin-embeded tissue sections (5-micron) 
were stained after 1% pronase digestion using the DAKO TechMate system 
(Glostrup, DK) with rabbit polyclonal antibodies against factor VIII-related 
antigen (DAKO, A0082) diluted 1:12.000 in antibody diluent (DAKO, S2022). 
Mouse-anti-rabbit antibodies (DAKO, M0373, 1:200) and link antibodies, 
APAAP complex and chromogenes from the ChemMate kit (DAKO, K5000) 
were used followed by counterstaining with hematoxylin (DAKO, S2020, 1:2). 
Total number of glomeruli, cross-sectional surface area (ɛmĮ) and the 
capillary diameter (ɛm) within the glomeruli were measured in all samples. 
 
Results: 
At the age of 80 weeks, the renal total vascular volume fraction decreased 
significantly (p < 0.001) compared to controls (Figure 1 & 3). Moreover, the 
renal artery showed advanced 2atherosclerotic lesions with calcifications, 
intraplaque hemorrhage and adventitial vasa vasorum neovascularization. 
Perivascular inflammation was present in kidneys of apoE-/-/LDL-/- double 
knockout mice, predominantly involved are plasmacells and leucocytes. 
Glomeruli cross sectional surface area (9959 ± 1083 ɛm2) and number (24.8 ± 
4.5) increased in apoE-/-/LDL-/- double knockout mice compared to controls 
(3533 Ñ 398 ɛm2; 17.6 ± 3, respectively), whereas 41 % of the total number of 
glomeruli showed evidence for lipoprotein associated glomerulopathy (LPG). 
Moreover, immunhistochemestry demonstrated capillary aneurysms of the 
glomeruli filled with factor 8 containing lipoprotein emboli (Figure 2). 
 
Conclusion: 
We demonstrated feasibility of using high-resolution micro-CT to obtain 
quantitative information of the vasculature in the apoE-/-/LDL-/- double 
knockout mice.  

 
 

 
 

 



FIGURE 1. 
 

 
Figure 1. Significant decrease of the total intra-renal vasculature in apoE-/-
/LDL-/- 
double knockout mice compared to controls (p 0.001). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



FIGURE 2. 
 

 
 
Figure 2. Glomeruli from controls (A, PAS staining; C, anti von-Willebrand 
Factor) and apoE-/-/LDL-/- double knockout mice (B, PAS staining; D, anti 
von-Willebrand Factor). Perivascular inflammation (B) and capillary 
aneurysms of the glomruli (D, green arrow) filled with factor 8 containing 
lipoprotein emboli (D, black arrow) are demonstrated. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FIGURE 3. 
 

 
 
Figure 3. Micro-CT imaging (maximum intensity projection, A, B, E, F; 
singleslice, C, D) of controls (A, C, E) and apoE-/-/LDL-/- double knockout 
mice. Reduced intra-renal vascular volume is present in apoE-/-/LDL-/- double 
knockout mice at the age of 80 weeks (B, D) compared to controls (A, C). 
Nano-CT imaging demonstrate irregular vascular branching with luminal 
enchroachments in apoE-/-/LDL-/- double knockout mice (F) compared to 
controls (E). 
 
 
 
 
 
 
 
 
 
 
 
 


