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Spatially resolved proteomics via tissue expansion
基于组织膨胀的空间蛋白质组学
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The importance of spatial proteomics in medicine

2

Nature Reviews Cancer volume 19 (2019)



Microsampling techniques for spatial proteomics
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laser capture microdissection (LCM) matrix-assisted laser desorption/ionization (MALDI)
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ProteomEx
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ProteomEx = Proteomics + Expansion

We describe a spatially resolved proteomics method based on the combination of tissue expansion with

mass spectrometry-based proteomics. ProteomEx enables quantitative profiling of the spatial variability of

the proteome in mammalian tissues at ~160 μm lateral resolution, equivalent to the tissue volume of 0.61 nL,

using manual microsampling without the need for custom or special equipment.



ProteomEx workflow development and optimization
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i) an optimized hydrogel with enhanced expansion factor and mechanical stability; ii) reversible protein 

anchoring to polymer network; iii) isotropic expansion of sample; iv) sample staining; v) sample microdissection; 

vi) in-gel digestion and peptide extraction
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While it takes about 58 hours to process fixed samples, the required hands-on time is only 5 h, i.e., less than 

10% of total duration.

Imaged by  bright field microscope

ProteomEx workflow development and optimization
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Similar protein identification and cellular composition

More peptide yield (1.4-1.7 fold)

Less missed cleavages (20.4±1.0%)

# Pep    #Prot
37,173  4199

34,304  4278

20,413 3181

30,630  3818

Comparable counts of identified proteins

# Pep    #Prot
24,437  3541

416       132  

260       116

ProteomEx validation and characterization



Explored the volume-dependent limit of tissue 
microsampling using ProteomEx approach
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To assess the applicability of ProteomEx to 
various mammalian tissues
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We processed ~5 nL volume of each tissue type 

using DDA-MS and identified 24,436/3540, 

14,298/2606, 9623/2356 peptides/proteins for brain, 

liver, and breast cancer samples, respectively.

The root-mean-square (RMS) errors for multiple 

tissue types were <10%.
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Aβ immunostaing MergedDAPI staining

Coomassie blue stainingOriginal tissue (pre-expansion) Proteomic identification

For the 2.52 nL volume of the immunostained tissue, we identified 7000 peptides corresponding 

to 2000 proteins for three replicates.

ProteomEx: Staining
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Pre-expansion 8-fold expansion Identification of 1 mm-diameter punch gels

8-fold in linear dimension (512-fold in volume)

The pre-expansion radius of 125 µm

The pre-expansion volume of tissues was 0.37 nL, equivalent to approximately 160 cells

identified and quantified more than 3000 peptides, and 1000 proteins

To explore the limits of lateral spatial resolution 
and tissue volume



Proteomic profiling of normal and pathogenic 
brain tissue with subregion precision
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(A) Study design of proteomic analysis of the wild-type and AD mouse model representing (1) experimental animal groups

(n=3 mice per group), (2) sample acquisition, (3) MS data acquisition and analysis. Brain subregions selected namely,

primary visual cortex (V1, n=3 punches per slice per mouse), hippocampal field CA1 (CA1, n=3 punches per slice per

mouse), hippocampal field CA3 (CA3, n=3 punches per slice from per mouse), dentate gyrus (DG, n=1 punch per slice per

mouse), and medial geniculate complex (MGC, n=2 punches per slice per mouse). Created with Biorender.com.



14

(B) t-SNE plot showing the sample clusters based on the prototype (n=3 mice per group). (C) Number of differentially

expressed proteins in mouse brain. (D) Venn and upset diagrams showing the DEP overlaps for selected regions.

Proteomic profiling of normal and pathogenic 
brain tissue with subregion precision
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(E) Representative spatial proteomic maps of syntaxin binding protein 2 (STXBP2) in old WT

and old AD brain slices. The a/b/c in the punches represents biological replicates from the

same brain region. (F) Pathway enrichment of 198 DEPs in CA1 and Sanky plot exhibiting the

correlation between enriched pathways and proteins. (G) The hierarchical clustering heatmap

showing the z-score scaled Pearson correlation coefficients between two samples labeled by

subregions of hippocampus and mouse group. The Pearson correlation coefficients were

estimated by the abundance expression of 101 proteins.

Proteomic profiling of normal and pathogenic 
brain tissue with subregion precision
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✓ We could achieve the lateral resolution of about 160 μm, which corresponds to ~262 cells or 0.61 nL tissue

volume before expansion. The ProteomEx protocol is robust, cheap, easy to use, and can be readily

deployed in a regular lab using commercially available reagents and common supplies.

✓ Enabling the handling of submillimeter gel pieces, for example, by employing robotics or microfluidics, can

further improve the spatial resolution of ProteomEx.

✓ Since ProteomEx resembles protein-retention expansion microscopy, it can be combined with super-

resolution microscopy of cellular structures and DNA and RNA fluorescence in situ hybridization enabling a

spatially resolved multi-omics approach.

ProteomEx: discussion and limitation



17

Acknowledgements

• We thank Rujie Qi and Yuan Yao from Westlake

University for help with characterization of hydrogel

mechanical stability. We also thank Xun Guo from

Westlake University for help with tissue sample

preparation.



THANK YOU


