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Macrophage cholesterol accumulation is considered a critical process in the development 

of atherosclerotic plaques, the cause of most heart attacks and strokes.  LDL, the main 

carrier of blood cholesterol, enters blood vessels where monocyte-derived macrophages 

take it up, converting macrophages into so-called foam cells [1].  Most of the studies 

about cholesterol accumulation by macrophages use LDL-gold nanoparticles uptake to 

monitor the amount of LDL taken up by the cells.  Semi-thin sections provide an elegant 

way to look by conventional transmission electron microscopy (TEM) at the localization 

of LDL-gold along the endocytic pathway and to quantify them [2].  But such 

quantifications are time consuming and an accurate quantification of LDL-gold uptake at 

the whole cell level is still missing. Tilt-series TEM is the traditional methodology to 

resolve unique parts of the three-dimensional (3D) cellular ultra-structure [3].  A cubic 

volume is reconstructed from projections obtained by mechanically tilting the sample

stage.  The resolution of the reconstruction is in the range of 1–20 nm [4].  A new 

development in three-dimensional (3D) electron microscopy is the use of scanning 

transmission electron microscopy (STEM), which can detect high atomic number

elements inside an embedding medium of a low atomic number [5-8].

In this study we used an approach combining the advantages of tilt-series STEM and

focal-series STEM to image gold-nanoparticles within the 3D content of whole cells [9].

We applied this new methodology to quantify the effect of cholesterol on LDL-gold

nanoparticles uptake by macrophages. THP1 monocytes differentiated as macrophages 

were grown directly on silicon microchips supporting thin silicon nitride (SiN) windows.

We applied different concentrations of cholesterol for different time periods, and then 

loaded the cells with LDL-gold and/or BSA-gold [10] nanoparticles.  Cells were fixed 

and processed for electron microscopy with an optimized protocol [9].  The samples were 

first inspected by TEM at 120 KeV (CM12, FEI) to characterize at the whole-cell level 

the nanoparticles internalization pattern (Fig.1A,B).  To obtain 3D information while 

optimizing for reduced damage we recorded a tilt-series with minimal acquisitions/angle 

range with a 200 KeV STEM (CM200, FEI) (Fig.2A,B).  The tilt-series reconstruction 

was processed with the Etomo/3Dmod softwares [11].  As a second 3D approach we 

recorded focal series using aberration corrected STEM at 200 KeV (JEOL 2200 FS), and 

applied deconvolution.  We compared and combined the results obtained with both 3D 

approaches.  The obtained data describes the localization and quantification of gold-

nanoparticles inside whole-cells with a nanometer resolution. [12]
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FIG. 1 A. TEM view of a whole macrophage containing LDL-gold nanoparticles. n: nucleus.�
B. Magnification of the dashed box from (A) depicting nanoparticles (arrow), probably in a vesicle.

FIG. 2 A. STEM view of LDL-gold nanoparticles in the peri-nuclear region of a macrophage. 

B. XYZ view of a 3D tomogram depicting single gold-nanoparticles (arrow). n: nucleus.
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