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Understanding human intestine using
single-cell spatial transcriptomics

Chenchen Zhu
Research Scientist @ Michael Snyder Lab, Stanford University




Joanna Bi

Stanford Tissue Mapping Center for HUBMAP

Table A.1. Stanford TMC production

small bowel sites
colon sites
Human BioMolecular Atlas Program
Map the complexity of the small sn RNA-seq
bowel and colon sn ATAC-seq
Stomach Large intestine CODEX 2D. and 3D maps

(colon)

Small intestine Spatial RNA maps
bulk RNA-seq
bulk ATAC-seq

Duodenum

Jejunum

WGS
metabolomics
lipidomics

. proteomics
Anatomy of Small Intestine
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Histology of full thickness sections of human duodenum
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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

Bulk assays Single-cell RNA-seq Spatial omics
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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 etection by imaging (targeted multiplexed FISH)
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Unbiased survey Te_lrgeted gpproach .
Low mRNA capture rate @ 200 um H!Qh spatial resolution
Limited spatial resolution — High capture rate

Limited field of view

800 pm

Jeffrey Moffitt et al, Nature Review Genetics, 2022



Stereo-seq for FFPE tissue sections
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Stereo-seq maps cell types of human intestine
duodenum

1*1 cm chip with 4.6B reads for 186,000 cells
Profiled > 32,000 genes with 56.6M transcripts
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Human intestine FFPE profiled using Xenium

Duodenum of B015




Cell types in human intestine revealed using Xenium

@® Arterial EC @ IgMplasmacell @ Paneth
Branch ® IC @  Pericyte
® Capillary ® LEC & Progenitor B
® cCD4T @ Macrophages @  Proximal progenitor
® CD8T ® Mast ® sSMC
® CyclingB ® Megakaryocyte @  Stem cells
® ©DC ® MemoryB ® Stromal1
@ ENCC/glia Mesoderm 1 ® Stromal 2
@ Enterocyte Mesoderm 2 ¢ Stromal 3
@® Enteroendocrine @  Mesothelium ® T1A
@® Epithelial @ Microfold cell ® Treg
@® FrDC ® Monocytes ® Tuit
® Glia @® myofibroblast @ Undifferentiated cells
@® CGobletcell Naive B ' unident
Duodenum IgA plasmacell @ NK & Venous EC



Cell types of human intestine revealed using Xenium

Duodenum Sigmoid

Enterocyte
Enteroendocrine

myofibroblast

Stem cells




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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: Multi-omics spatial
| g mapping for human
Wil pancreas
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Introduction to the Human Pancreas

Endocrine:

Blood vessel  Islets of Langerhans cells
secrete hormonesinto _go; of pancreas
blood vessels

Bile duct

Pancreatic Exocrine:
duct Acinar cells secrete
digestive enzymes into
pancreatic duct

~95% of pancreas

Duodenum

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



Islets of Langerhans and Type 1 Diabetes

Type 1 Diabetes:

capillary network

& Autoimmune disease

< Immune system attacks
pancreatic islets, killing beta cells

«» Beta cells responsible for insulin
release and glucose metabolism

alpha cells ’ glucagon ‘
< T1D leads to glucose
beta cells insulin .
dysregulation

delta cells ’ somatostatin

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



Microvascular Alterations in T1D

Vessel diameter decreases and vessel density increases in T1D
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Canzano, J.S. et al., 2019 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6309032/)



Data Collection

Whole pancreases acquired o
from organ donors g Pr—
% INS (C1)
F m ONA (@)

8 control pancreases analyzed M o

W CD31/34 (C4)

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

‘@ Cell Distance Explorer Reset © Embed Visuali
= HRA Preview Application © Visualization View () Al Settings <> Documentat
— Metadata () Visualization ()

Source Data Creation Date
P3-3ACDEnew.csv  December 11,2024

Creation Time
1:58:15 PM

Show empty metadata fields

{ Cell Types () & csv
Tissue - Cell i¥ : e Cell Distance
Detection : Detection : 4 @ rames conty Explorer
S ] : 4 @ unknown 496,963
v} @ Endothelial 192,011
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“ Beta 7,997
— Histogram ()

QuPATH software: https://qupath.github.io/ HRA Cell Distance Explorer: https://apps.humanatlas.io/cde/



Human .
Ko e Cell Distance Explorer
oy ias HRA Preview Application
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HRA Cell Distance Explorer: https://apps.humanatlas.io/cde/



Beta Cell Distance Distributions

HuBMAP Control Pancreases
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Anchoring Oral and Craniofacial Cell Types
within Digitized Vasculature Networks

Kevin Matthew Byrd, DDS, PhD

Assistant Professor, Virginia Commonwealth University

Member, VCU Massey Comprehensive Cancer Center; the NIH The HUBMAP Human BioMolecular Atlas Program
Pl, Lab of Oral & Craniofacial Innovation (LOCI@VCU); Founder, Human Cell Atlas Oral & Craniofacial Bionetwork

Human Reference Atlas, “Multiscale Human” Event: Virtual Meeting; December 14th, 2024 @kevinmbyrd m @kevinmbyrd frﬂ @kevinmatthewbyrd






Heterogeneity of Oral and Craniofacial Tissues.

Fibroblasts - synthesize extracellular matrix
Endothelial cells of blood/lymphatic vessels
Peripheral nervous tissues
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Heterogeneity of Oral and Craniofacial Tissues.

. . Tooth-Associated

Mucosa
Fibroblasts - synthesize extracellular matrix
Endothelial cells of blood/lymphatic vessels
Peripheral nervous tissues
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Oral is Aerodigestive; i.e., a part of Digestive and Respiratory Systems.

Orofacial Granulomatosis

Severe Gingivitis Tongue Fissuring Buccal Cobblestoning Oropharyngeal Ulcerations

- . .
4

Angular & Exfoitive Chelitis
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Generalized Erythema

Candidiasis




Cell and Molecular Dissection of this Heterogeneity to Promote Health Holistically

Ventral tongue

Hard palate Soft palate
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P1: Oral & Craniofacial Cell Atlas of Healthy Adults.
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P1: Oral & Craniofacial Cell Atlas of Healthy Adults.

Tier 1 Structural and Immune Cell-cell Communication Analysis
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Scalable, Al-assisted Cell Identification and Meta-cellular Analyses

AstroSuite: TACIT-Constellation-STARComm-Astrograph: Flexible for Any CELLXFEATURE Matrix

Minor salivary Submandibular
Parot|d gland

Gingiva

Labial mucosa

Phenocycler Fusion

. L Minor salivary Submandibular
Labial mucosa Gingiva Tongue gland Parotid gland gland

1Large Sample
300 TMA Cores
Single Run

2 Samples Per Slide 1Large Sample Per Slide
Single Run Single Run

Tonsil TMA Skin; Lung i Head & Neck Cerebellum MERSCOPE

Minor sahvary Submandibular
Labial mucosa Gingiva Tongue gland Parotid gland gland




Scalable, Al-assisted Cell Identification and Meta-cellular Analyses

Interactive cell type annotation in spatial omics

ch Signature Spatial map with annotation Spatial map with expression UMAP with annotation Dotplot TACIT threshold Annotation quality

No file selected Spatial neighborhood Spatial Autocorrelation Cell Type Spatial Autocorrelation Marker Compare annotation

Cell type and Cell state

Choose slide with annotation This tab displays a spatial map annotated with various cell types. Use the controls in the sidebar to select different annotations and visualize them on the

spatial map.
Wl No file selected

Select samples
Select annotation

Select Point Size

01 2
i iy P i [ ] e P

01 03 05 07 09 11 13 15 17 19 2

Select Cell Type
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Oral & Craniofacial Cell Atlas of Healthy Adults: Spatial Proteomics

| 40-plex Multiplex-IF of Inmune Cell Populations and States Across Mucosal and Gland Niches
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Digitizing the Peripheral Vasculature within Whole Tissues




Vascular Anchors for Cell Type Distribution Across Oral Tissues.

Submandibular Salivary Gland Buccal Mucosa (Cheek)
B Ho T L RF % ST L 2 YT a mn oty . (0 @ Fibroblast
‘ . '\ A O @ epithelial
] . @ O cendothelial
; & r Neutrophil
i - g z ; ‘ DC cells
’ ‘ LECs
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) 'l I e . > Macrophage
\ . | : . Treg
s > 5




Variation and Heterogeneity using Vascular Anchors Among Oral Tissues

120
CV (Coefficient of Variation) is a
standardized measure of dispersion of a
distribution. (which cell types or regions
have more relative variability regardless of
their absolute distances)

100

©
o

CV (%)
&

For Region variability, Parotid shows the
highest variability in median distances.

S
o

N
o

For Cell Type variability, Melanocytes and
Dendritic Cells show the highest
variability.

0

Coefficient of Variation (%) by Cell Type
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Vascular Anchors for Cell Type Distribution, comparing Spatial Transcriptomics and Proteomics

a
Spatial Trancriptomics (ST) ® ACTA2 @ PTPRC ®@AQP10CD8a @CD4 @KRT14 @PECAM ©KRT7 @CD14 @ CD163 @CD79%a ©CD68 @ADIPOQ @LUM @MYO5B OEPCAM @CAV1 @APOCT @ MS4A1 @EGFR

A

Spatial Proteomics (SP) @®CD20 @ GALECTIN ©CD4 @©KERATIN14 @CD14 ©CD31 @CD141 @ SMA © CAVEOLIN @CD79a @ CD66 OVIMENTIN @ Pan-CK @HLA-A @ CD56




Vascular Anchors for Cell-Cell Communication.

m Anterior View
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Heterotypic C2C
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***Spatial Health + Disease Atlas: ~2000 samples with ~50,000,000 cells across 10 upper airway niches and 13
diseases from health to various conditions such as periodontitis, Sjogren’s, COVID-19, and multiple cancers.
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Spatial multi-omics profiling of human
P g & lymphoid tissues
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Overview of Lymph nodes

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.

4 Ceiling LECs —1—\
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s — B lymphocytes Floor LECs —— -
e @ ==————-Dendritic cells P,,-EQN
8/ % .
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= % Afferent lymphatic e
) e : Cortex
Capsule / Paracortex

Transyerse sinus—- ' / =
Subcapsular sinus

Medullary sinus

Medullary cord

FRCs

T lymphocytes

e 4 :*——Dendri!ic cells

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



Lymph nodes samples
I L L

33 whole lymph nodes Az FF 4
FFPE samples (n=16) LN13560 FF 74
FF samples (n=17) LN6243 FF 78
LN00837 FFPE 86

Lymph node taken from LN24333 FFPE 66
multiple sites in the body: LN21333 FFPE 25
e Axillary LN23574 FFPE 34
e Inguinal LN22921 FFPE 55
e Groin LN27766 FFPE 52
e Submental LN00560 FFPE 25
e Neck LN21756 FFPE 22

Primary assay used is mIF (CODEX)
Lymph nodes highlighted in yellow have VCCF visualizations



Lymph nodes samples

Block numbers | Age (vo) | Gender Location Race FE/FEPE RACE
YHLN-N6 63 M rt inguinal black FF : : :
YHLN-NS 29 F hilar Biack FF M black ™ hispanic ™ white ™ ptrefused
YHLN-N9 54 F submental black FF
YHLN-N17 78 F It axillar black FF
YHLN-N2 62 M It neck hispanic FF
YHLN-N22 22 F It neck hispanic FFPE
YHLN-N27 25 F right neck hispanic FFPE
YHLN-N4 70 M rt inguinal pt refused FF
YHLN-N1 73 F left groin white FF
YHLN-N3 68 M It neck white FF
YHLN-N5 62 F left tonsil white FF
YHLN-N7 75 F It axillar white FF
YHLN-N10 1 M It neck white FF
YHLN-N11 2 M It axillar white FF
YHLN-N12 20 M rt neck white FF
YHLN-N13 71 F It inguinal white FF
YHLN-N14 74 M It neck white FF
YHLN-N15 84 F rt axillary white FF
YHLN-N16 86 M It neck white FF FRESH FROZEN VS FFPE GENDER
YHLN-N18 62 M rt neck white FFPE W FF W FFPE
YHLN-N19 81 M rt base of tonque white FFPE ® Male ® Female
YHLN-N20 65 M right axillary white FFPE
YHLN-N21 45 F It axillar white FFPE
YHLN-N23 50 M right neck white FFPE
YHLN-N24 74 F right inguinal white FFPE
YHLN-N25 74 F right inguinal white FFPE
YHLN-N26 86 M left axillary white FFPE
YHLN-N28 55 M right neck white FFPE
YHLN-N29 34 M left neck white FFPE
YHLN-N30 55 F left neck white FFPE
YHLN-N31 22 M right axilla white FFPE
YHLN-N32 61 M right groin white FFPE
YHLN-N33 63 F right axilla white FFPE
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Integrative analysis of
multimodal
datasets



Gallery of Lymph nodes samples
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CODEX Panel

Protein markers covers all the major immune cell types

SMA
CD31 CD8
HLA-A
CD3e
CD21

Beta-actin HMGB1
PCNA yH2AX
Mac2/Galectin-3 P21

EpCAM CDKNZ2A/p16
CD45




Representative CODEX images




CODEX and scRNA-seq data integration pipeline

@II segmentation

Feature Pyramid

(Greenwald, 2022) Network
ResNet50
backbone
Semantic
Input heads
image

Nucleus

Inner
Distance

Interior/border/
background
/

Predicted labels

Protein markers

cell

Protein data

UMAP2

UMAP1

scRNA-seq data

Input and initialization of MaxFuse

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

b c

Main iteration of MaxFuse Postprocessing and final output of MaxFuse

Y-modality
all-feature

Input

Y-modality
all features

| Z-modality
all features

7

Y-modality sty
linked features|
I Iw R
LN
Y

linked features|

L

Initialization

Smoothed Y-modality|

linked features

Smoothed Z-modality
linked features

| ]
Output

| Matched pa.V
]
o] i i i Final joint
Screenin: Pivot matching Joir
2 - Full matching ~ embedding
Yeells :\ /% Zcells Y-modality )
] all features 2 p ; Y—modal!ty
L] Zmodality Propagate R
all features 2
Matching .
by linear Learning using Learming Z-modality
assignment Matched pairs Gt

D Fuzzy smoothing using|

all-feature NN-graphs Stage 3

Smoothed

Maxfuse
(Chen, 2023)

o / jointembeddings = Joint embedding
Z-modality \ 9 with all features
all-feature .o
NN-graph \ﬁ/ - Y \\Z
Stage 1 Stage 2

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

A CD20 Collagen IV SMA Ki67 Podoplanin

B Spatial cell type atlas of human lymph nodes across age groups

5

Increasing age
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Annotation of human lymph node
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Vascular Common Coordinate Framework
Visualizations

Vitessce

o&- © x Spatilla

© Region LNO0560 Vi...

Nuclei

Endothelial v

Link

Cell Type

Registering tissue block to organ



ACKNOWLEDGEMENTS

Yale

Advisor
Professor Rong Fan

Fan Lab members
Negin Farzad
Alev Baysoy
Shuozhen Bao
Graham Su
Xiaoyu Qin
Mingyu Yang
Mingze Dong
Jungmin Nam
Bo Tao
Xiaolong Tian
Yao Lu

Zhiliang Bai
Anthony Fung
Haikuo Li

Di Zhang

Mei Zhong

Fu Gao

Keyi Li
Dongjoo Kim
Yaping Li
Fang Wang
Junchen Yang
Lou Xing

Collaborators

Professor Zongming Ma

Jane Zhang (University of Pennsylvania)
Dmytro Klymyshyn (Akoya Biosciences)
Professor Lingyan Shi (UC San Diego)
Yajuan Li (UC San Diego)

NSy,
p ’é
z 3}

Human BioMolecular Atlas Program HEP\\’

@P nn [

SenNet

UNIVERSITY 0f PENNSYLVANIA

=% AKOYA

‘. BIOSCIENCES®

THE SPATIAL BIOLOGY COMPANY®

UCSan Diego

JACOBS SCHOOL OF ENGINEERING

67



Alex Wong, Ph.D.

Postdoctoral Fellow, Sorger Lab
Harvard Medical School




- HARVARD / Laboratory of H i_!_ Harvard Program " BMAP
Zﬂ; MEDICAL SCHOOL ~. Systems Pharmacology I in Therapeutic Science “

Highly Multiplexed 3D Tlssué Imagmg
of Human Tlssug and’ Tumgrs "

> L Q.
L »
‘Alex Wong

Peter Sorger Lab



Applications | Features

3D Features in Cancer

Convoluted shapes Distributions Sparse features

Nerves, vasculature &
Collagen

Spatial relationship of cell
types and distance to
structures

/4 Laboratory of
N Systems Pharmacology

Rare cell types and
structures in 3D volume

Quantification of cell-
structure interactions

Immune surveillance of
tumors — Lymphonets

Persister cells locations-
drug studies

Measure extent of
innervation

Tumor cell distribution

Perineural Invasion
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Three Modalities of High-Plex 3D Imaging

1. 3D reconstructive fluorescence 2. Confocal microscopy / Widefield + Deconvolution 3. Light-Sheet Microscopy
microscopy

100 pm

b-actin
collagen

J. Lin etal., Cell, 2023 C. Yapp et al., BioRxiv, 2023
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Serial Section Reconstruction

Specimens and data collection strategy

3D Imaging
Sample CRC1

Section number

17.6 mm

AL AL AL AN A
85,86 "
4 pm thick '

| H&E (22) CyCIF (25) - main panel
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Fibrillar tumor budding
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Cross-sectional views
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“Single cells” Large clusters
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2. Distal budding || 5. Proximal tumor
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J. Lin et al., Cell, 2023
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Standard Slides don’t even capture whole cells!

5 um section 35 ym section

C. Yapp et al., BioRxiv, 2023
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Partial cells lead to inaccurate phenotypin

Neutrophil CD8 T cell

R A

membrane

& (CD8)

s )\ ‘
&

w7 ;
7

e

Catalase Lamin B-tubulin

C. Yapp et al., BioRxiv, 2023 . . . ..
Many immune markers are diffraction-limited spots
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Integrating thick tissue 3D Images into HUBMAP CCF

Blood Vessel

CD31 CD20

C. Yapp et al., BioRxiv, 2023

CD20 CD11C
Vimentin

of Cells

Number

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

—
Yash Jain, Dan Qaurooni, Katy Borner
— (Indiana University) HuBMAP

Borner K. et al., BioRxiv, 2024
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Light-Sheet is faster

Epifluorescence Microscopy Light Sheet Fluorescence Microscopy

Objective for
Detection

\ ‘ ~&— ||lumination Direction

Sample ~=—Detection Direction
fam! ! e
More Traditional ‘ P
lllumination — ——

} t

Greater Photobleaching and Damage Less Photobleaching and Damage

Credit: https://www.edmundoptics.com/knowledge-center/application-notes/microscopy/light-sheet-fluorescence-microscopy/
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Tissue clearing allows deeper imaging

Light scattering

Optical
; RI matching clearing
Cleared v
—.e g
e 6 0 ~—
—_—| O\ e
Q ‘b ’_.7-

. Protein {} Lipid @ Small molecule

Tan, T, Yang, Z, Li, X, et al. J Anat. 2021
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Light-sheet imaging of colorectal tissue

Systems Pharmacology

Histogram of CD8 Distances to Nerves
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https://docs.google.com/file/d/1_khhxbk57A-G3GalNHw33qRAvvV8qMdz/preview
https://docs.google.com/file/d/1gctso6G_Eo8vGsG1HMeG_reUHy2WXHmx/preview
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Visualizing vasculature of healthy colon



https://docs.google.com/file/d/1u8cT8NQsoMk1C2wOcLH1V2h9TM2Wsgji/preview

/& Laboratory of
N Systems Pharmacology

Acknowledgements

i Experiment Design and Techniques s
Leadership P g Q Sample Coordination
| y A
s
Clarence Zoltan  Tuulia Jerry Ajit Jeremy &)
Mallgar Vallius Lin  Johnson Muhlich Crystal Chiu  Sabrina Chan

Yapp
A

- e | ),

3D Analysis/Imaging (UTSW)
Yu-An r"\'ﬁv“sl

Shishir Roxanne Brigette Yvonne Benjamin
Pant Pelletier Kobs Anang Gaudio Chen - )

™ "
N

Peter Sorger Sandro Laura
Santagata Maliszewski

MicRoN

2R

PaulaMontero PrajuVikas Adrienne

Gaudenz
Danuser Dean Zhou

Llopis Anekal Wells
Emmanuel Soheil DanielLu  Ziyuan Maxim.
Ogbonna  Talemi Zhao  Markovic
Laboratory Operations Collaborating physicians/scientists PDOTS
Do (BWH) " \ JinlongLin Hazel Borges
A B f 26: d 4 =)
A o B f ]
3 \ Lauren Cloud David
Tenzin Nicole Scott Zasadil Pawaletz  Barbie /% Laboratory of
Christine Lian  Shannon Coy \ Systems Pharmacobgy

Phulchung Anderson Slimmer

£x lifecanvas ghose @
@ff technologies B?%R HuBMAP <A NVIDIA.

H H_ Harvard Program HT AN

in Therapeutic Science I, 4o



Ravi S. Misra, Ph.D.

Research Associate Professor
University of Rochester




Utilizing multiplex immunofluorescence
microscopy to study pediatric lung
disease

HUBMAP-Lung TMC

Pl /PD(Contact): Gloria Pryhuber

SubAward Pls: Christopher Anderton (OSP), Geremy Clair (DAC), Gail Deutsch (OSP),
Jim Hagood (OSP), Xin Sun (OSP)

Program Managers: Ravi Misra (OSP), Jeanne Holden-Wiltse (DAC)
Project Manager: Heidie Huyck



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

https://www.spectrumhealthlakeland.org/lakeland-
diabetes/diabetes-health-library/Content/85/P01300/

ALVEOLUS
GAS EXCHANGE

Alveoli

-

Red blood

Capillary cells

Carbon
dioxide out

Oxygen in

https://www.pedilung.com/pediatric-lung-diseases-
disorders/anatomy-of-a-childs-lung/alveolus-gas-exchange-
pulmonary-alveolus/
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Preterm birth and exposure to hyperoxia can lead to
persistent lung damage: Bronchopulomonary Dysplasia

o Healthy bronchiole A. : B.

Adapted from https://www.nature.com/articles/s41372-024-01957-9/



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

. Apoptotic alveolar
Inactivated type Il cells

surfactant
\ o > |
\ ~_ P

— Oxidative stress Cell Damage

Myofibroblast

Damaged type |
cells

Fibroblasts
Fibrosis (scarring)

Activated .
macrophages INflammation

Inflammation  jresis

TExtraceIIuIar matrix

4 vascular deposition Fibrosis (sca rri ng)

permeability
Fluid accumulation
https://www.mdpi.com/1422-0067/23/3/1254



Studying BPD and control lung samples from the

BRINDL repository
1030 pm

Healthy Lung

Inflammation

1000 pm

Enlarged muscle
(perivascular)

matrix

——p

Thickening of /:%

Enlarged alveoli =

_al
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Detecting cell types in the lung using
Immunofluorescence microscopy (Phenocycler)

= @ protocols.io FEATURES ~ PLANS  BLOG  CASESTUDY Q search  SIGNIN m
i= Tableof contents  Dec 28,2023 Version2 v < « Bo [
© 813.1 Multiplexed Immunofluorescence Phenocycler-Fusion® Imaging of = n o e I a e S
Lo

FFPE Lung Sections V.2

Jeffrey Purkerson', Gloria S Pryhuber', Luis Colon‘, Heidie Huyck'

'University of Rochester Medical Center
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% Muscle Cells

Immune Cells

Epithelial Cells Extracellular Matrix

Dr. Jeffery Purkerson
https://www.protocols.io/view/813-1-multiplexed-immunofluorescence-phenocycler-f-6qpvr38dpvmk/v2



Imaging of healthy and diseased lung

Healthy Lung BPD Lung




BPD lungs have a higher number of immune cells
near vascular cells
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Future work to increase
the number of cases
and analytes

Reveals beauty and
complexity of lung
architecture.

Highly vascular and immune
cell rich region around bronchus

Note:
lymphatics,

muscular bronchial blood

vessels of varying diameter,
ciliated duct cells,

mast cells,
nerve,

B cell and T cell rich aggregates

5 yo W M, 30 antibody panel

LYVE1
d1{0) ¢1
TPSAB1
MUCS5AC SCGB3A2

E-cadherin/ CDH1
FOXJ1 - multiciliated
SMA - ACTA2
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https://humanatlas.io/events/2024-24h



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

Questions

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?



Thank you




