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Aim
Enable high resolution volume imaging + molecular characterisation for clinical research

Problems
Human tissue fixed in formalin + methanol 

Human tissue embedded in paraffin
Human tissue snap frozen

Human tissue fixed in glutaraldehyde
2D

Opportunity
Can high resolution 3D imaging reveal new diagnostic features at the nanoscale? 

Strategy
Design a new nanopathology pipeline

Technique
Correlative and Multimodal Imaging

Multimodal Research Across Scales
To Understand Human Disease



Loupy A et al. NEJM 2018

Antibody-mediated rejection and Microvascular 
Inflammation in Kidney Transplants g

ptc

C4d



Zhang and Reed  Am J Transpl 2009

Matrix synthesis
Changes in cell morphology



Microvascular inflammation

• Associated with poor outcomes
• Associated with antibodies against the donor
• But poor response to antibody removal as a therapy
• And competing potential explanation for MVI

• “Missing self” NK cell activation
• T cell-mediated injury
• Innate allorecognition by monocytes



Imaging techniques for microvascular inflammation in 
human

• Low-resolution/low plex with 
spatial info (IHC)

• High resolution, no (or little) 
molecular info (immunogold EM)

• High plex no spatial 
(sc/snRNAseq)

• Spatial proteomics and 
transcriptomics

Hidalgo AJT 2010

Regele JASN 2002



Cross-scale imaging combined with molecular labelling

High Throughput X-ray 
Tomography (HiTT)

Hoechst  
CD16

Targeted volume EM acquisition

PFA-fixed tissue surplus to
diagnostic needs Targeted vibrotome 

sectioning

Protein labelling

18/07/2025



Biological feature Quantitative readout

Distribution of blood-borne immune cells in the kidney microvasculature X-ray and/or vEM - Cell counts and positions within 

glomerular and peritubular capillaries

Morphological phenotype of blood-borne immune cells and of 

endothelium in the kidney microvasculature

Instance segmentation + learned feature vector on vEM 

images

Molecular phenotype of blood-borne immune cells and of endothelium in 

the kidney microvasculature

CLEM and RNAscope FISH/spatial transcriptomics

Interactions between different types of immune cells and between 

immune cells and endothelium: cell-cell contacts and polarisation

Instance segmentation + learned feature vector on vEM

images

Unanswered questions issues in microvascular 
inflammation



Preservation of human tissue for high resolution imaging



Preservation of human tissue for high resolution imaging

5 mm



Preservation of human tissue for high resolution imaging

5 mm

~150 biopsies stored in fix at 4℃



High throughput tomography (HiTT) 
Imaging (X-ray imaging)

rotator

x-ray detector

Phase contrast based X-ray imaging at the PETRA III 
synchrotron in Hamburg

Ideal for low-absorbing samples such as soft tissues

Optimised for speed in both data collection and 
reconstruction.

Whole Sample Full Overview

Jonas AlbersLiz Duke Mat Lawson



Jonas AlbersLiz Duke Mat Lawson

Image the whole fixed hydrated biopsy 
using High Throughput X-ray Tomography (HiTT)

X-ray imaging



~140 whole biopsies HiTT imaged



Mat Lawson

Wet sample HiTT images – segmentation



SAM2 segmentation of resin-HiTT



Wet sample HiTT  - classification

Virginie Uhlmann Xiaofan Xiong



Alana Burrell

Wet sample HiTT images to find 
Regions of interest (ROI) for downstream analysis

3 x vibrotome sections (~60 mi)
- Sizing for 3D EM
- Molecular cell ID

MoBIE
MultiModal Big Image Data 
Sharing and Exploration



3 Vibratome slices, immunolabel without permeabilization, image with fluorescence microscopy

~100 µm

Hoechst  CD16
60 micron thick slice

Alana Burrell

Molecular labelling without permeabilisation



Hoechst  CD16

~20 vibratome slices imaged by FM



Labelled slices volume Electron MicroscopyResin embedded slices

Purpose of molecular labelling

(Re-HiTT)

- To acquire molecular information on cells of interest, to be overlaid with 
EM images



Labelled slices volume Electron MicroscopyResin embedded slices

http://www.gatan.com/products/sem-imaging-spectroscopy/3view-
system

Serial Block Face SEM

Resin embedding and targeted Serial Block Face SEM

Human kidney biopsy

Alana Burrell

Targeted volume EM acquisition

Paolo Ronchi Yannick Schwab

~ 10 vibratome slices imaged



Intelligent SBF-SEM

- large ROIs are defined 
(200x300x50 µm3)

- acquiring at high 
resolution (10x10x50 
nm3)

- ~ 3 weeks
- generates 700 GB of 

data

Paolo Ronchi

Paolo Ronchi Yannick Schwab



Correlation of multiscale image data
3D overlay of HiTT, FM, EM

MOBIE





Interesting initial observations…



Palvair et al. Transplant International 2024

FCGR3A+ monocytes
- Interact with ptc endothelial cells via CXCL10-
ACKR1 (DARC)

Lamarthée et al Nat Med
2023





Virginie Uhlmann Xiaofan Xiong

Machine learning for nanoscale feature extraction



Images       to     Cells      to       Shapes & Textures         to         Classes

Zinchenko et al, 2022

Platynereis



Zinchenko et al, 2022





Segmentation and classification of immune cells

Machine learning for nanoscale feature extraction



Feature extraction using unsupervised classification

Machine learning for nanoscale feature extraction

Virginie Uhlmann Xiaofan Xiong

Classic image feature extraction: intensity, texture, shape features, etc.

UMAP (dimension reduction)



Virginie Uhlmann Xiaofan Xiong

Suryawanshi PLOS One 2022



Etch-a-Cell
Going Nuclear



Bounding boxes, more stuff from Xiaofan
Helen Spiers



Multimodal (morphology + molecules) cross-scale data

New insights into disease

New pathways to diagnosis

Pipeline enables Hi-res imaging of a target of interest within the tissue sample; time down from 50 years 
to ~ 1 month

Further speed up pipeline through targeting down to single cell level (multiplex fluorescence)

 - > Roll out nanopathology platform to cancer, neuropathology, human embryology, infection…



Lucy Collinson



42

Adam McLean
Michelle Willicombe

Kidney transplant patients in our clinics at Imperial College Healthcare NHS Trust 

Imperial BRC funding
Spatial transcriptomic data

Hannah Lomax-Browne
Karolina Kwiatkowska
Lottie Bottomley
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