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From Mapping the Vasculome to 
Mapping the Human Body.

 And Back!
Zorina Galis, PhD

Chief, Vascular and Hypertension Branch
NIH / NHLBI

Note: The opinions presented do not necessarily represent the NIH/NHLBI opinions.
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Main Points
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▪ September 2014: NIH Workshop “Small Blood 
Vessels, Big Health Problems” (NHLBI, NINDS)

▪ July 2015: New NIH Common Fund Proposal 
Competition: “Vasculome-ZIP” (NHLBI &NINDS w/NCI, 
NICHD, NIAID, NIDA, NEI, NIAAA, ORWH, NCATS)

▪ December 2015: Finalist NIH Common Fund, 
Presentation to NIH Directors Table:
▪ “Vasculome-ZIP,” a Google Map” of the Human 

Vasculature

From the Vasculome to HuBMAP
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Enduring Mysteries…

Same systemic disease, 
different vascular 
manifestations …

Aging

Kidney disease

Retinal  vasculopathy
Coronary disease
Aneurysms

Diabetes

Stroke
Vasculitis

Preeclampsia

Sickle cell disease

Cancer

Dementia

Scleroderma
Systemic inflammation

Same systemic disease, 
different vascular 
manifestations …

Contribution of 
large vs. small 

vessels?

Blood vs. Lymph?

Same systemic disease, 
different vascular 
manifestations?

Hypertension

PAD

Heart 
attack

Lymphedema

Who will get what? 
Where? when?

Vascular function: 
organ vs. body 

level?

Parameters affecting 
access, 

success/failure of 
interventions?
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Why are these persisting?
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Small Blood Vessel-Tissue Exchanges: 
Endothelial cells (Tie-2 GFP), Perfused Microbeads 

(Galis & Johnson)

Organ level
“Continuous EC“ “Discontinuous EC”

200 μm

Cellular level

Brain     Heart   Kidney

Molecular level: 
Heat Map expression of 

organ-specific endothelial 
genes  (Eng H. Lo)

It’s COMPLICATED!

“10013” Narasimhan 2002

Liver

“02215”

Lung

EC
receptors

Organ-specific “Zip Codes”
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Current Solution For Understanding Vascular Complexity?

NINDS

NIDDK

NHLBI

Time for “The Vasculome?”
The Endothelium: Organizing Principle?

New technologies > New Biology!

NIH-funded Single Cell Research

Vascular cells???

IVBM 2016 
NHLBI Session
E Pluribus Unum: 
“The Vasculome?” 
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“The Vasculome”…

Human

Multi-scale

Multi-dimensional
“Personalized”

Integrated

Functional

Predictive
E Pluribus Unum
(From Many, One) 

IVBM 2016
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“Vasculome ZIP” (V-ZIP)
NIH Common Fund Proposals Final Audition, December 14, 2015

NHLBI & NINDS w/NCI, NICHD, NIAID, NIDA, NEI, NIAAA, ORWH, NCATS
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Genotype

Phenotype

Whole body/organ analysis
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Mesoscale
(tissue level) 

Macroscale
(organ/body 

level) 

Microscale
(single cell level) 

“We Need a “Google Map” of the Human 
Vasculature!”

“…Can you build 
the Google map 

of the entire 
human body?”
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>>> Approved December 2015… as Google map for the entire Human Body!
▪ Single Cell Analysis Program (SCAP) 2.0 (NIBIB&NIMH w/NIAID, NCI, 

NIGMS, NIDDK)
▪ January 2016: New Common Fund “Concept” Presented at the NIH 

Council of Councils (NHLBI, NIBIB, NIDDK): The Human Biomolecular 
Atlas Program (HuBMAP)

▪ September 2016: NIH Council of Councils Approves New “HuBMAP” 
Common Fund 

▪ October 2106: IVBM 2016: E Pluribus Unum: “The Vasculome?” 
▪ December 2017: New HuBMAP RFAs published
▪ August 2018: First HuBMAP Awards 
▪ August 2020: First Data Release!
▪ To be continued…

From the Vasculome to HuBMAP

https://commonfund.nih.gov/hubmap



https://commonfund.nih.gov/HuBMAP

Vision:
Catalyze development of an open, global 

framework for comprehensively mapping the 
human body at a cellular resolution

 The NIH Common Fund
Human BioMolecular Atlas Program 

(HuBMAP)
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The Human Body at Cellular Resolution: The NIH Human Biomolecular Atlas Program.
Snyder et al. 2019, Nature 574, 187-192. 

https://hubmapconsortium.org/
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HuBMAP Consortium Contributing Sites
https://hubmapconsortium.org/
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HuBMAP: Richness of open-access data sets and analysis tools 
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Current data available

Donors: 58
Organs: 11
Data sets: 492
Analysis type: 40+



DESI

RNA-seq
ATAC-seq
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Coverage of HuBMAP Analyses by Target and Scale

100nm1µm10µm100µm1mm1cm

Organ Anatomical region FTU Cell type Single cell Subcellular

seqFISH
DART-FISH
MERFISH

SABER-FISH

GC-MS
LC-MS

CZE-MS

MALDI
nanoDESI

GeoMX
Visium

Slide-seq
Spatial-MARGI

scRNA-seq
snRNA-seq
scATAC-seq
sciATACseq
sciRNA-seq
SNARE-seq
snATAC-seq

sciMARGI

AF

Spatial Scale

M
ol
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ul

ar
 C
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er
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e

nanoPOTS
microLESA

LCM

Light
Sheet

MRI

OCT

SIMS

Confocal

Genes

Proteins

Lipids

Metabolites

Morphology

Specificity

Untargeted

Targeted

PAS
H&E

CODEX
CyclicIF
CellDIVE

ImmunoSABER
MIBI

CT

Bulk
Analysis

Single-cell
Sequencing

Spatial 
Transcriptomics

3-D in vivo Imaging

Imaging Mass Spectrometry

Histological Imaging

Antibody-base
d Imaging

FISH-based Imaging

Spatial 
Proteomics

c/o Dr. Katy Börner, IU/MC HuBMAP
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HuBMAP
Provides a normal reference for human tissues
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HuBMAP also provides a platform for management of 
internal and external data

16

PLATFORM FOR DATA MANAGEMENT

Internal and External Coordination

First data release (2020): over 23 TB 
data,  450 data sets, over 90 coders, 
etc. 
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HuBMAP Provides Tools
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• Visualization, Search, Modeling
• Tissue Atlassing >>> Knowledge Management

• Registration and Exploration User interface
• Semantic Ontology: Common Coordinate Frame (CCF), 

Anatomical Structure Cell Type +Biomarker (ASCT+B) Tables
• Reference tools
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Semantic Representation of a Kidney
Börner et al https://arxiv.org/ftp/arxiv/papers/2007/2007.14474.pdf
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The Semantic Ontology divides the body into a set of nested named anatomical structures 
and cell types, from larger (left) to smaller (right) objects. 



Anatomical Structures (AS), Cell Types (CT), and Biomarkers (B) or ASCT+B tables aim to capture 
the partonomy of anatomical structures, cell types, and major biomarkers (e.g., gene, protein, lipid 
or metabolic markers).

They are ESSENTIAL for developing AS partonomies, CT typologies, and 3D reference objects 
(body to cell).

ASCT+B Tables

c/o Dr. Katy Börner, IU/MC HuBMAP

Construction begins with domain experts manually developing ASCT+B tables, which 
indicate the most important anatomical structures (AS) and cell types (CT), organize them 

into a hierarchy, and map them to the 3D Reference Object Library. 
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Human Anatomical Structures, Cell Types, and 
Biomarkers (ASCT+B) Tables
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https://www.biorxiv.org/content/10.1101/2021.05.31.446440v2.full

Work of 16 international consortia to construct human 
ASCT+B tables and three-dimensional reference organs 

in support of a Human Reference Atlas 

https://hubmapconsortium.github.io/ccf-asct-reporter/ 

https://hubmapconsortium.github.io/ccf-asct-reporter/
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▪ December 2017 >>> Proposal to use the Vasculature 
as a Common Coordinate Frame (VCCF) for the 
Human Body. Joint NIH-Chan Zuckerberg Initiative 
Meeting 

▪ December 2017: New HuBMAP RFAs published
▪ August 2018: First HuBMAP Awards were made
▪ May 2019:  >>> Presented “Evaluating the 

Vasculature as CCF. Road Map for the Human Body 
“Google Map”. HuBMAP Anatomical Mapping 
Workshop, IU/Virtual

From HuBMAP back to the Vasculome
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1. Works across several scales: cell <> 
tissue/organ <> whole body

2. Applicable to all (most) body tissues
3. Accounts for donor differences (e.g., 

size, shape, sex)
4. Useful/Acceptable across various 

specialty domains 

22

Major challenge for mapping the human body: 
Finding a Common Coordinates Frame (CCF)

Joint NIH-Chan Zuckerberg Initiative Meeting (Dec 2017)

Desirable Features for a Body CCF ?
(The “needs assessment” )
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Many Ways to Identify and Reach a Specific Location….

https://www.pymnts.com/intelligence-of-things/20
18/drone-delivery-mobile-orders-flytrex-ncdot-holl
y-springs/

The human body 
already uses a 

precise delivery 
system…

https://www.medicaldaily.com/eating-out-hurts-your-heart-he
alth5-little-known-causes-high-blood-pressure-329006

GPS

Road Map

https://www.pymnts.com/intelligence-of-things/2018/drone-delivery-mobile-orders-flytrex-ncdot-holly-springs/
https://www.pymnts.com/intelligence-of-things/2018/drone-delivery-mobile-orders-flytrex-ncdot-holly-springs/
https://www.pymnts.com/intelligence-of-things/2018/drone-delivery-mobile-orders-flytrex-ncdot-holly-springs/
https://www.medicaldaily.com/eating-out-hurts-your-heart-health5-little-known-causes-high-blood-pressure-329006
https://www.medicaldaily.com/eating-out-hurts-your-heart-health5-little-known-causes-high-blood-pressure-329006


Could the Vasculature Serve as a Road Map 
and a Common Coordinate Frame (CCF)  for 

the Human Body?
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CCF Desirable # 1: 
“Works across several scales (cell <> tissue <> whole body)”
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https://www.nature.com/scitable/ebooks/essentials-of-cell-biology-14749010/118237871

https://en.wikipedia.org/wiki/Circulatory_system#/media/File:2101_Blood_Flow_Through_th
e_Heart.jpg

The vasculature reaches within and integrates 
every and all body tissues and organs

Blood Vessels Go (Seamlessly!) Across Scales Macro<>Meso<>Micro

https://www.nature.com/scitable/ebooks/essentials-of-cell-biology-14749010/118237871
https://en.wikipedia.org/wiki/Circulatory_system#/media/File:2101_Blood_Flow_Through_the_Heart.jpg
https://en.wikipedia.org/wiki/Circulatory_system#/media/File:2101_Blood_Flow_Through_the_Heart.jpg
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Nordsletten et al,  
2006 Am J Physiol

Vessel order

4 μm micro-CT data

20 μm micro-CT 
data

https://www.pinterest.jp/pin/522699100479032485/

CCF Desirable #2: 
“Applicable to all (most) body tissues”

Zlokovic & Apuzzo: Neurosurgery 43(4):877-878, 
1998

Riccio&Fenton/Cornell 
University

The Vasculature is “Framing” the Organ/Tissue Architecture
Across Scales

Galis et al, JAHA 2016 



Zorina Galis, PhD

27

https://www.cafepress.com
https://www.nationalgeographic.com/magazine/201
9/01/visible-human-susan-potter-cadaver/

https://en.wikipedia.org

Vasculature Keeps Up With Individual Body Characteristics (Size, Shape, 
Sex etc.) and with Changes (Development, Aging, etc.)

CCF Desirable # 3: 
“Accounts for donor differences (e.g., size, shape, sex)”

https://www.womenshealthmag.com/

https://www.womenshealthmag.com/
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CCF Desirable #4: 
“Useful/Acceptable across specialty domains” 
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https://slideplayer.com/slide/
4585491/

https://path.upmc.edu/cases/case
172/micro.html

Pancreatic tumor
Diabetic Retinopathy

Termeer et al 
2008

Poplin et al 2018

• Scientists, clinicians, modelers know many vessels by their own names!
• Vessels are used as body landmarks and conduits for clinical interventions 

(e.g. surgery planning, drug delivery) and diagnostic (biopsy, predictions, etc.)
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https://www.youtube.com/watch?v=ZGYU_dsb0j4

2019 HuBMAP Anatomical Mapping Workshop (IU/virtual): 
“Evaluating the Vasculature as Common Coordinate Frame (CCF) 

Road Map for the Human Body “Google Map”?
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The Hub-and-Spoke Model of a Vascular Coordinate System
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Weber, Griffin M, Yingnan Ju, and Katy Börner. 2020. "Considerations for Using the Vasculature as a Coordinate System to Map 
All the Cells in the Human Body". Frontiers in Cardiovascular Medicine 7 (29): doi: 10.3389/fcvm.2020.00029. 

https://cns.iu.edu/docs/publications/2020-Weber-Considerations.pdf
https://cns.iu.edu/docs/publications/2020-Weber-Considerations.pdf
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“Endothelium as the Organizing Principle of the Vasculome”
>>> Allows for Single Cell Resolution VCCF 

31

19872020
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Like Waldo, The Endothelial Cell (EC) Is Hiding In Plain Sight 
Everywhere!

32

Brain Mapping by Cell Type (STARmapping)
Wang et al, Science  21 Jun 2018
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As Observers Have Grown Astute, Just Like Waldo, ECs Become 
Recognizable in Ever More Complex Scenarios

Lung

EC
receptors

Organotypic Vasculature

Organ level
Liver

Brain         Heart        Kidney

Single Endothelial Cell Level
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EC Heterogeneity Across Tissues >> 
Vascular Bed Heterogeneity within the Organ 
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Kalucka et al, Cell 2020

EC markers EC Phenotypes

78 distinct EC populations across all analyzed tissues
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EC Holds Important Contextual Information, Revealing Its Precise 
Context : Understanding Brain Vasculature Zonation

EC can be precisely positioned along the blood vessel 
while walking from the arterial to venous side

(Vanlandewijck et al, Nature 2018)
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Diverse Endothelial Cell Populations Associate 
With Different Cells of The Kidney
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Endothelium structure and function in kidney health and disease, Jourde-Chiche et al., 
Nature Reviews Nephrology (15), 87–108 (2019) 
https://www.nature.com/articles/s41581-018-0098-z/figures/3

Lake et al, 2019 Nature Communications

Waldo and Friends!

https://www.nature.com/articles/s41581-018-0098-z#auth-1
https://www.nature.com/articles/s41467-019-10861-2
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Renal ECs Indicate Kidney Compartment-specific 
Gene Signatures
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Dumas et al, JASN January 2020, 31 (1) 118-138

Precise Spatial Information Predict Temporal Information

Reveal Functional Distress

https://jasn.asnjournals.org/content/31/1/118.long
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Lymphatic ECs Help Map Lymph Nodes Architecture

38

Xiang et al, Frontiers in Cardiovascualr 
Medicine 2020

https://www.frontiersin.org/articles/10.3389/fcvm.2020.00052/full
https://www.frontiersin.org/articles/10.3389/fcvm.2020.00052/full
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Endothelial Cells Are Central To Functional Tissue Units
The  Brain Neurovascular Unit
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The Translational Significance of the Neurovascular Unit: A Mini-Review, 
McConnell et al, 2016 JCI

A single endothelial cell = blood vessel (capillary) is at the center of the neurovascular unit
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Ears dropping on EC “intimate conversations”

https://www.nature.com/articles
/s41586-019-1049-y/figures/4

seqFISH+ reveals ligand–receptor repertoires in 
neighboring cells

Vascular Neighborhoods: 
Other individual cell types may be precisely localized based on 
interactions with different neighboring EC types

>>> A GPS-Like Localization Approach Using Endothelial Cells? 

https://www.nature.com/articles/s41586-019-1049-y/figures/4
https://www.nature.com/articles/s41586-019-1049-y/figures/4
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Colon Histology 
PECAM1 (CD31) staining

(Endothelial Cells)
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Protein Atlas
https://www.proteinatlas.org/ENSG00000261371-PECAM1/tis
sue/kidney#img

Close-up: 
Kidney Corpuscule (glomerulus)

100 μm

Kidney Histology PECAM-1 Staining
(EC, endothelial cells)

10
0 
μm

100 μm

Protein Atlas
https://www.proteinatlas.org/ENSG00000261371-PECA
M1/tissue/colon#img

Tissue Organization/Pattern and Vasculature
(Utility of a 100 μmeter  “tissue-stick”?)
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Distance from Closest Endothelial Cell (EC) - Kidney
Using data from the Human Protein Atlas (EC/CD31 Staining)
Weber, Galis, Ju

WANTED: High Quality Histology Data
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Endothelial Cell Gene Expression Can Be Used To Establish the 
Precise Location and Functional State of Other Cells

EC

“Distant” Cell

EC
EC ZIP1 EC ZIP2

Venous side

Large Vessel 
(e.g., Artery)

Small Vessel
(e.g., Organ Specific Capillary)

Neighboring Cells

EC ZIP3

O2

100 μm
Generic anatomy

Tissue slice

tissue sample

x
zy

x
z

ZIP1+ EC interaction fingerprint
ZIP2+ Hypoxia fingerprint
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Case Study: Kidney ASCT+B
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https://www.biorxiv.org/content/10.1101/2021.05.31.446440v2.full

Can YOU Help w/Organotypic Vasculature???



Wanted: Seamless Integration of VASCULAR Anatomical Structures 
and Cell Types (ASCT) in ALL Organ Tables

Clinicians/Physicians
Anatomists/Pathologists

Experimentalists/Researchers

Needed: Integration

Data scientists

Dr. Griffin Weber

SIGN UP as an domain expert ! 
For more information and to join the ASCT+B open working group 
please email infoccf@indiana.edu

Macro
Body/organ

Meso
Tissue

Micro
Single Cell

SCALE
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New HuBMAP Initiatives Approved by the NIH Council of Councils
May 2019/2021
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https://dpcpsi.nih.gov/sites/default/files/Day-1-215PM-CF-Concept-HuBMAP-Conroy_508.pdf

• Check for latest updates at NIH Common Fund HuBMAP 
https://commonfund.nih.gov/hubmap

• Sign up for HuBMAP mailing list for updates 
https://hubmapconsortium.org/hubmap-mailing-list/

• Follow HuBMAP on Twitter  _HuBMAP

TISSUE MAPPING CENTERS

DEMONSTRATION PROJECTS

INTEGRATION, VISUALIZATION AND 
ENGAGMENT COLLABORATORY

https://hubmapconsortium.org/hubmap-mailing-list/
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Upcoming 
NHLBI-organize
d  Workshop, in 
collaboration 
with the Boston 
Lymphatic 
Symposium 
(open to all)
November 4th,
1:00pm-2:30pmED
T

https://bostonlymphaticsymposium.org/pre-symposium/

UPCOMING 

event fo
r th

e 

lymphatic 

community 
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“Precision Biology”
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� WHAT: Assembling and analyzing high 
content spatial/temporal and functional 
biological information  

� HOW: new investigative and 
computational technologies, including ML 

� WHY: Identifying the molecular/cellular 
bases of local and individual variations, 
signaling transitions from health to 
disease, targeted interventions 

� >>basis for “Precision Medicine!”
Frackowiak et al., The future of human cerebral cartography: a novel 
approach. Phil Trans R Soc B (2015)

From Precision Vascular Biology to Precision Medicine
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Seeking to Enable Solutions for Important Biomedical Challenges
…is a (Fun) Team Sport!
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The Human BioMolecular Atlas Program (HuBMAP) Team
https://commonfund.nih.gov/hubmap

HuBMAP NIH Core Group, NIH Director Award 2019 for “building 
exceptional collaborations inside and outside the NIH to create a 
transformative paradigm that enables cooperative worldwide 
efforts to map the human body ” 

Kick-off HuBMAP Consortium Nov 29-30, 2019

!!!

https://commonfund.nih.gov/hubmap
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“The Vasculome”…

Right Coronary 
Right Lymphatic 

Aorta
Vena cava

Capillaries

Human

Multi-scale

Multi-dimensional 
navigation

“Personalized”

Integrated

Functional

Predictive
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HuBMAP Types of Analyses
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