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Histology of full thickness sections of human duodenum

https://www.ouhsc.edu/histology/Text%20Sections/Lower%20GI.html

https://www.ouhsc.edu/histology/Text%20Sections/Lower%20GI.html


Spatial technology to better understand tissue biology 
Single-cell RNA-seqBulk assays Spatial omics



Why spatial transcriptomics (RNA)?

• High target number - higher resolution for mapping cell types and states 

• Flexibility in target choice - not limited to antibody availability

• Gene regulation

• Multiomics integration



Two quantification principles of spatial 
transcriptomics

Detection by sequencing Detection by imaging (targeted multiplexed FISH)

Jeffrey Moffitt et al, Nature Review Genetics, 2022

Unbiased survey
Low mRNA capture rate
Limited spatial resolution

Targeted approach
High spatial resolution
High capture rate
Limited field of view



Stereo-seq OMNI - Specifically Designed and Skillfully Engineered
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Stereo-seq for FFPE tissue sections

Stereo-seq 
signal heatmap 
for duodenum



● 1*1 cm chip with 4.6B reads for 186,000 cells
● Profiled > 32,000 genes with 56.6M transcripts

Stereo-seq maps cell types of human intestine 
duodenum



Human intestine FFPE profiled using Xenium

Duodenum of B015



Cell types in human intestine revealed using Xenium

Duodenum



Cell types of human intestine revealed using Xenium
Duodenum Ileum Sigmoid



Summary: Lead ST assays for Stanford HuBMAP TMC 

• Stereo-seq for discovery, Xenium for data production

• Both FF-OCT and FFPE compatibility 

• Whole tissue sections 

• High reproducibility and sensitivity
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Image Source: https://www.livescience.com/44662-pancreas.html

VCCF Human Pancreas



Image Source: https://www.neuroendocrinecancer.org.uk/pancreas-pei-pert/

Introduction to the Human Pancreas

~95% of pancreas

~5% of pancreas



Image Source: https://www.britannica.com/science/islets-of-Langerhans/

Islets of Langerhans and Type 1 Diabetes

Type 1 Diabetes:

❖ Autoimmune disease

❖ Immune system attacks 
pancreatic islets, killing beta cells

❖ Beta cells responsible for insulin 
release and glucose metabolism

❖ T1D leads to glucose 
dysregulation 



Microvascular Alterations in T1D

Canzano, J.S. et al., 2019 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6309032/)

These alterations are most significant in INS- islets

Vessel diameter decreases and vessel density increases in T1D
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Data Collection

❖ Whole pancreases acquired 
from organ donors

❖ 8 control pancreases analyzed 
from HuBMAP

❖ 12 pancreases (6 control, 3 
autoantibody positive, 3 type 1 
diabetes) from another study 
analyzed

❖ Multiplex IF performed as part 
of spatial profiling using 
NanoString GeoMx technology

❖ Protein markers: insulin (INS), 
PanCK (duct), CD31/34 
(vasculature)



Cell Segmentation with QuPATH Software

Tissue 
Detection

Cell 
Detection

QuPATH software: https://qupath.github.io/

Cell Distance
Explorer

HRA Cell Distance Explorer: https://apps.humanatlas.io/cde/



HRA Cell Distance Explorer: https://apps.humanatlas.io/cde/

Endothelial cells
Beta cells

No diabetes 
(control)

Autoantibody 
positive

Type 1 
Diabetes



Beta Cell Distance Distributions
HuBMAP Control Pancreases AAb+ and T1D Donors

HuBMAP violin plots courtesy of Yashvardhan Jain
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Spatial multi-omics profiling of human 
lymphoid tissues 

Yale HuBMAP TTD
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Overview of Lymph nodes 

Ji et. al Signal transduction and targeted therapy (2023)

● The primary lymphoid organs (bone marrow and 
thymus) are responsible for immune cell 
production and maturation, whereas secondary 
lymphoid organs (lymph nodes, spleen, tonsils) 
are the sites for lymphocyte activation.

● Lymph nodes are found at the convergence of 
major blood vessels.

● Approximately 800 nodes in an adult human.

● Located in the neck, axilla, thorax, abdomen, and 
groin. 



Sample FF/FFPE Age

LN21291 FF 71

LN13560 FF 74

LN6243 FF 78

LN00837 FFPE 86

LN24333 FFPE 66

LN21333 FFPE 25

LN23574 FFPE 34

LN22921 FFPE 55

LN27766 FFPE 52

LN00560 FFPE 25

LN21756 FFPE 22

Lymph node taken from 
multiple sites in the body:

● Axillary
● Inguinal
● Groin
● Submental
● Neck

33 whole lymph nodes
FFPE samples (n=16)
FF samples (n=17)

Lymph nodes highlighted in yellow have VCCF visualizations 

Lymph nodes samples

Primary assay used is mIF (CODEX)



Lymph nodes samples



Workflow



Gallery of Lymph nodes samples



CODEX Panel
Protein markers covers all the major immune cell types

CD44
CD31
Vimentin
Collagen IV
Podoplanin
CD4
CD38
CD20
CD107a
CD45RO

SMA
CD8
HLA-A
CD3e
CD21
Beta-actin
PCNA
Mac2/Galectin-3
EpCAM
CD45

CD34
PD1
HLA-E
LAG3
CD14
CXCR5
VISTA
CXCL13
CD163
CD141

Pan-Cytokeratin
IDO1
E-cadherin
CD11e
TOX
HMGB1
yH2AX
P21
CDKN2A/p16

Ki67
CD66
IFN-G
HLA-DR
Granzyme B
CD68
CD39
FOXP3
MPO
PD-L1



Representative CODEX images

DAPI CD31

2mm

200um

DAPI CD31 CD3e CD20



CODEX and scRNA-seq data integration pipeline
We utilize Mesmer, a deep-learning based method, to 
segment whole cell from CODEX data with the input of 
both nuclear and membrane markers. After cell 
segmentation, expression of all protein markers is 
extracted for each cell. We then use the protein 
expression along with our reference scRNA-seq data as 
input to feed into Maxfuse, which finds pairs between 
CODEX and scRNA-seq data. 

Cell segmentation
(Greenwald, 2022)

scRNA-seq dataProtein data

cell

Protein markers

Maxfuse
(Chen, 2023)

We created a human single cell reference by merging two single-cell RNA-seq datasets: Tabula 
Sapiens (TS) and an integrated secondary lymphoid organ (SLO) atlas



Profiling of Healthy Lymph Nodes using CODEX



Annotation of human lymph node



Vascular Common Coordinate Framework 
Visualizations

Registering tissue block to organ
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3D Features in Cancer 





Serial Section Reconstruction 

J. Lin et al., Cell, 2023



Standard Slides don’t even capture whole cells!

C. Yapp et al., BioRxiv, 2023



Partial cells lead to inaccurate phenotyping

C. Yapp et al., BioRxiv, 2023



Integrating thick tissue 3D Images into HuBMAP CCF 

https://apps.humanatlas.io/cde/example/1

C. Yapp et al., BioRxiv, 2023

Borner K. et al., BioRxiv, 2024



Light-Sheet is faster

Credit: https://www.edmundoptics.com/knowledge-center/application-notes/microscopy/light-sheet-fluorescence-microscopy/



Tissue clearing allows deeper imaging

Tan, T, Yang, Z, Li, X, et al. J Anat. 2021



Light-sheet imaging of colorectal tissue  

https://docs.google.com/file/d/1_khhxbk57A-G3GalNHw33qRAvvV8qMdz/preview
https://docs.google.com/file/d/1gctso6G_Eo8vGsG1HMeG_reUHy2WXHmx/preview


Visualizing vasculature of healthy colon   

https://docs.google.com/file/d/1u8cT8NQsoMk1C2wOcLH1V2h9TM2Wsgji/preview
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Utilizing multiplex immunofluorescence 
microscopy to study pediatric lung 
disease

HuBMAP-Lung TMC 



An overview of the lung organ and the alveolar gas 
exchange unit 



Lung organogenesis: forming a complex organ  



Preterm birth and exposure to hyperoxia can lead to 
persistent lung damage: Bronchopulomonary Dysplasia  



Preterm birth and exposure to hyperoxia can lead to 
persistent lung damage: Bronchopulomonary Dysplasia  



Studying BPD and control lung samples from the 
BRINDL repository 



Detecting cell types in the lung using 
immunofluorescence microscopy (Phenocycler) 



Imaging of healthy and diseased lung



BPD lungs have a higher number of immune cells 
near vascular cells 







Q&A https://humanatlas.io/events/2024-24h 

https://humanatlas.io/events/2024-24h


How do we best capture data for a Multiscale Human?

How do we map a Multiscale Human?  

How do we model a Multiscale Human?

How can LLMs or RAGs be used to advance science and clinical practice?

Questions



Thank you


