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Expansion Microscopy and Its Application in Biomedicine

CAO Yating, CHEN Xin*
(State Key Laboratory of Cellular Stress Biology, School of Life Sciences, Xiamen University, Xiamen 361102, China)

Abstract ExM (expansion microscopy) is a novel super-resolution imaging strategy based on the physical

expansion of biological samples. It can bypass the resolution limit of traditional optical microscopes and achieve
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precise observation of cellular structures and macromolecular complexes at nanoscale. More importantly, in

contrast to other optical super-resolution technologies, ExM is not restricted to one certain microscope. It has

been successfully applied to diverse research objectives from cells to tissue, even to small biological individuals,

showing the great value of ExM in biomedicine. This review will discuss the development, main types, research

applications and future tendencies of ExM.
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A: the principle of expansion microscopy, including fixation, anchoring of target molecules, polymerize, homogenization, expansion, and subsequent

imaging in combination with various microscopes; B: a timeline of the development of expansion microscopy. The bold words show the name of Ex-

pansion Microscopy.
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Fig.1 The principle and timeline of Expansion Microscopy
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Table 1 The major types of expansion microscopy

[ S JEERK R 5k AR i 72 7 SR HRA
Expansion protocol Expansion factor Monomer Anchor Molecular type Tissue type
ExM ¥ 3-4 SA, AA Trifunctional Protein Neuron, mouse brain slices
molecule
ProExM [ ~4 SA, AA AcX Protein Cells
MAP 13 ~4 SA, AA AA Protein Cells, mouse brain slices
ExFISH '® ~4 SA, AA LabelX Nucleic acid Cells, mouse brain slices
iExM B¢ ~15 SA, AA AcX Protein Cells, neuron, mouse brain slices,
mouse liver tissue slices
X10 ExM P4 ~10 SA, DMAA AcX Protein Neuron, rat brain slices
ZOOM 2 8-9 AA NAS Protein Cells, Escherichia coli, mouse
brain slices, human brain slices,
Caenorhabditis elegans
U-ExM '8! ~4 SA, AA AA Protein Cells
mExM 2% 3-4 SA, AA Trifunctional Protein Cells
molecule
Click-ExM 21 ~4.5 SA, AA AcX, GA Protein, nucleic Cells, neuron, mouse brain slices
acid,
lipids
ChromExM B7 ~16 SA, AA AA Nucleic acid Cells, embryo
Magnify 122 ~11 SA, AA, DMAA Methacrolein Protein, nucleic Cells, multiple tissue slices of

acid, lipids

mouse (heart, intestines, kid-

neys, liver, lungs, brain), human
pathological skuces (lymph node,
kidney, lung)

SA: THIEREN; AA: PIIGIEENE; AcX: 6-[(NMGIHE) R IE] CUE; LabelX: AcX 5 Label IT-A KW L AEH 2 71); DMAA: N,N-— HI I G BEI%; NAS: N-

TN TR SR G DE R R W B2, GA: T2 1 ; methacrolein: & A Ja 1% o

SA: sodium acrylate; AA: acrylamide; AcX: acryloyl-X; LabelX: AcX with Label IT synthesized bifunctional anchoring agent; DMAA: N,N-dimethyl-

acrylamide acid; NAS: N-acryloxysuccinimide; GA: glutaraldehyde.
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A: (left) representative images displaying Nanog and Pol II pSer5 staining at 4 hpf. (Right) Depicts the green and magenta boxed region from the left,
showcasing class 1 organization (areas indicated with arrowheads are magnified to the right); class 2 and class 3 organization (arrowheads indicate regions
enriched for Nanog (open arrowhead) and Pol II pSer5 (closed arrowhead). B: (left) traced arborization of a second layer V pyramidal neuron. (Right)
Segmented somata (color-coded by volume) and axons, exhibiting myelinated (yellow) and unmyelinated (cyan) segments, for 10 pyramidal neurons from
layer V (top row) and 11 more from layer VI (bottom row). The boxed neuron is displayed at the left. C: (left) comparison between Magnify and Magnify-
SOFT of cilia without defects. (Right) Side-by-side comparison between Magnify-SOFI images (top) and electron micrographs (bottom) of cilia with and
without defects. D: ExXSRRF identified both normal and effaced the foot processes using SNP (synaptopodin) (labelling the foot processes; orange) and col-
lagen IV (COLIV) (labelling the glomerular basement membrane; cyan) in kidney samples from normal and pathological individuals.

E2 EEREMBRAEEGEFHINAARESEICH37]. [10]. [22]F[281220)
Fig.2 The application of Expansion Microscopy in biomedicine (modified from references [37], [10], [22] and [28])
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