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Ultrastructural investigation of tissues plays an important role in pathology, safety assessment and basic
biomedical research. We and others have demonstrated that back-scattered electron scanning electron
microscopy (BSE-SEM) can efficiently replace the more cumbersome traditional TEM approach for the
ultrastructural analysis of tissue sections, because of its advantage of unobstructed imaging of large
fields of tissues directly on histology glass slides over a wide range of magnification and resolution
(multi-scale imaging). This saves significant "hands on" time and allows for the correlation of the
ultrastructural detail with the histological context [1]. The benefits of this imaging method can be further
increased by combining it with the power of immuno-labeling and fluorescence staining. Here we report
on our efforts to combine various pre- and post-embedding labeling strategies with BSE-SEM imaging
for projects in basic organoid-research and neuropathology.

Stem-cell derived kidney organoid models are used in research of kidney development and renal
pathology as well as in studies of kidney toxicology and pharmacology [2]. While immunofluorescence
microscopy (IF) can reveal the overall tissue organization, marker protein localization and regions of
interest (ROIs), ultrastructural hallmarks of differentiated kidney-like organoids (basement membrane,
podocyte foot-processes and brush-border microvilli) can only be resolved and visualized by electron
microscopy (EM). We developed a strategy that combined fluorescent nuclear staining (Hoechst) with
anti-Laminin IF-labeling and BSE-SEM to identify apoptotic cell nuclei, tubule-like tissue areas and
laminin-expressing basement membrane-like structures (Figure 1A and 1B). We are currently working
to further improve the ultrastructural preservation of the organoid samples and to identify and localize
additional kidney marker proteins for further characterization of the kidney-organoid models.

In addition, we developed correlative IF and BSE-SEM strategies for the characterization of amyloid
plaques in a PS2APP transgenic mouse model of Alzheimer’s disease [3]. A pre-embedding
immunogold-labeling protocol with an anti-amyloid antibody and silver enhancement of nanogold
particles was established for the specific detection of amyloid-fibrils and amyloid-plaques in the
hippocampus. Multi-scale BSE-SEM imaging was then used to find plaques by low magnification
overview mapping of the hippocampal formation, followed by detection of individual gold particles
enriched in amyloid-plaques by imaging at high magnification and resolution (Figure 1C). In a
complimentary approach, we developed a post-embedding labeling protocol to detect amyloid-plaques
by anti-amyloid IF-labeling with specific antibodies followed by combined IF and BSE-SEM imaging
(Figure 1D). Amyloid-plaques could be visualized and quantified in overview fluorescence images. The
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higher resolution of BSE-SEM was then used to confirm the presence of amyloid-fibrils in the core of
the amyloid-plaques (Figure 1D).
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Figure 1. Examples of combined immuno-labeling and BSE-SEM imaging of organoid models (A) or
brain slices (C and D). (A) Nuclear “Hoechst” staining (left) in iPSC-derived kidney organoids
combined with BSE-SEM images of tubular organoid areas (middle) and apoptotic cell nuclei (right).
(B) Anti-Laminin immunofluorescence staining of kidney organoids (left) combined with BSE-SEM
images of tubular areas (middle and right). (C) Anti-amyloid pre-embedding labeling of amyloid-
plaques in the hippocampus of the PS2APP transgenic mouse model. Arrow depicts silver-enhanced
gold particles (cl) enriched in the amyloid-plaque. (D) “Hoechst” nuclear staining (top left) and post-
embedding anti-amyloid immunofluorescence labeling (bottom left) to detect plaques in the PS2APP
transgenic mouse model. BSE-SEM imaging revealed dense plaques with amyloid-fibrils (right, inset).
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