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The Human Liver
• Metabolic factory

- 500 functions
e.g. drug breakdown

• Immune center
- 80% of tissue macrophages

• Regenerative ability
- Up to 80% of liver

• Associated diseases
- Non-alcoholic fatty liver
disease 1.7B

- Viral hepatitis 500M
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Mapping the cellular microenvironment of the 
human liver.

• Define and target 
cellular drivers of  
processes central 
to liver disease

Atif et al., Seminars in Liver Disease (2022)
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Limitations of our current understanding of 
liver cellular biology..

Distinct populations of cells within the liver

However…
-We really need knowledge of the 
roles of individual cell populations in 
the liver.

These cells respond to environmental cues 
based on what is taking place in the liver

Cellular signatures within the liver are 
associated with responses to antiviral therapy



Single cell RNA sequencing

Every cell is associated with a bead- each bead has a cell 
barcode, then each cDNA fragment also has a barcode 
that links fragment to original cell



Question:  What is the cellular make 
up of the healthy human liver?

Objectives
• To generate a 

comprehensive cellular 
map of the human liver

• Foundation for single 
cell liver disease studies

http://shiny.baderlab.org/HumanLiverAtlas/
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Dissociating Liver Tissue

Gentle dissociation allows efficient capture of hepatocytes!





MacParland et al., Nature Communications 2018

2018



Toronto, Canada July 29 - Aug 1, 2019 

Liver

Alan Mullen, HMS, MGH
http://mullenlab.mgh.harvard.edu/



Liver collaborations 
(supported by CZI and HCA Seed, Inflammation and Pediatric Networks) 

?

Pediatric

Seed

Inflammation



A single-cell atlas of human liver from development to disease

Sharma et al., Cell 2020~134,000 human liver cells from 14 HCC samples 
(Adjacent normal and tumor tissue), 4 human fetal livers



Spatial Proteogenomic Atlas of Human Liver

Slide provided by Scott & Guilliams Labs in collaboration with Prof. Van Vlierberghe & Prof. Devisscher

100-plex protein (MACSima)

100-plex mRNA (Resolve)

10X Visium



Questions asked..

• Which cell populations are better captured by each technology

• How well are hepatic biological pathways captured by each 
technology?
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All Immune cells are best captured by scRNA-seq
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Lymphocytes:

Macrophages:

Andrews, Atif , Liu et al., Biorxiv 2021 



Spatial Transcriptomics to confirm Human 
Hepatic Zonation

PeriPortal
CYP2A7, FABP1, HAL, 
AGT, ALDOB, 
HSD17B13, GLS2, 
SDS

PeriCentral
CYP1A2, CYP2E1, 
CYP3A4, GLUL, DCXR, 
FTL, GPX2, GSTA1

vs Tallulah Andrews Catia Perciani

The largest dimension of variation (or the highest variance 
explained) in this data is related to periportal vs pericentral genes



Examining Liver Disease: 
What are the challenges?

• Diseased tissue can be more difficult to dissociate 
to a single cell level because of fibrosis

• Disease itself can be quite patchy so a biopsy might 
not catch the most diseased areas



CIHR Team Grant in Human Immunology

Sonya MacParland, Ian McGilvray, Jordan Feld, TGHRI, University of Toronto
Gideon Hirschfield, TGH, Aliya Gulamhussein, TGH, University of Toronto; Adam Gehring, TGHRI, 

University of Toronto; Bettina Hansen, TGHRI, University of Toronto; Binita Kamath, Sick Kids, 
University of Toronto; Dianne Chadwick, TGH; Gary Bader, University of Toronto; University of 

Toronto, Sandra Fischer, TGH; Yaron, Avitzur, Sick Kids, TGH, Amanda Riccuito, Sick Kids

Collaborators:
PSC partners Canada, Dr. Aviv Regev, Dr. Selena Sagan, Dr. Trevor McKee, Dr. Kathleen Bingham

Knowledge Translation:
PSC Partners Canada, Mary Pressley Vyas, Albert Fung, Dr. Frank Bialystok,  Rachel Gomel

Defining and Targeting Autoimmune Liver disease



PSC Collaborative Autoimmune 
Network (PSC-CAN)
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Blood 
(whole, serum, 

PBMCs)

Diagnostic and 
Research Liver 

Biopsies

Patient Partners
Clinicians
Surgeons

Bioinformaticians
Basic Scientists

Clinical Research 
Coordinators

PSC-CAN Team

With end-stage, 
early-stage, or 

prospective PSC 
or alternative 

cholestatic liver 
disease

PSC Explanted 
Liver Tissue

Patient Recruitment Sample Collection



Defining and Targeting Autoimmune 
Liver Disease

GOAL. To generate cellular maps of the livers of patients with primary 
sclerosing cholangitis and to identify active pathways and immune 
mediators involved in the underlying immune dysfunction of PSC both in 
pediatric and adult patients by comparing the PSC maps to healthy human 
liver maps 
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Grant will provide the template.

Integrated Knowledge 
translation: We will 
engage end users in the 
planning and execution 
of this work so that we 
can gain end user input 
as we refine our 
research questions. This 
approach should 
produce research 
findings that are more 
likely to be directly 
relevant to and used by 
knowledge users.





PSC: Study Design

Histological Analysis

scRNAseq

snRNAseq

Spatial transcriptomics

Dissociated cells

Liver cellular 
composition/architecture 
and active pathways

+ Blood 
(whole blood, plasma and PBMCs)

+ Patient medical history



PSC Study: Workflow

+Rhodanine



Characterization of the intrahepatic 
heterogeneity of PSC liver
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Histological heterogeneity is 
observed in different sections within 

a PSC liver 

H&E
CK7
Masson’s Trichrome 
Rhodanine

Nakanuma grading of 
each section

Selection of sections 
by score

snRNA-seq Spatial 
transcriptomics

Histology-
guided 

selection of 
sections for 

analysis

Functional 
validation

Link immune 
profiles to 

histological 
score



Increased heterogeneity of disease in 
PSC shown by MRE

Magnetic resonance elastography:
Non-invasive imaging method for 

measuring stiffness of the liver

PSC livers have increased fibrotic 
heterogeneity throughout in comparison 

to livers with viral hepatitis 



Understanding the intrahepatic heterogeneity of PSC

H&E

CD3 CD19 CD68 CD163

CK7Trichrome Rhodanine
Fibrosis Bile duct proliferation Copper excess

T cells B cells Macrophages Macrophages

Tissue Structure

Histological and Immunohistochemical Stains



Application of NanoString GeoMx Spatial Profiling 
Platform to Mapping PSC Heterogeneity 
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6 µm thick slices 
of tissue OCT-

Embedded tissue
12 ROIs per slide, each 
with maximum size of 

660 µm

Mapped 
back to 

region of 
interest

UV cleavage of oligos 
with barcodes

Visualize key 
morphological 

markers and perform 
bulk RNA-seq in 

ROIs

Spatial 
deconvolution:

Identification of cell 
types present in the

bulk RNA-seq of 
ROIs using a single-
cell gene signatures



Using this technology to uncover the 
heterogeneity of the PSC liver
- Apply Nanostring GeoMx DSP to different sections of the 

samePSC liver and characterize the relationship between:
- Immune infiltration
- Immune functionality
- Spatial architecture
- Histological score



Characterize PSC at difference stages in 
progression 
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Explanted PSC Liver 
Tissue

PSC, End-Stage Liver 
Disease, and Fibrotic 

Signatures

TransplantationDiagnostic 
Liver  Biopsy Research Biopsy

Transcriptomic 
Map

Functional 
Validation

Spatial 
Transcriptomics

Histology 
and IHC



Summary
• ScRNA-seq is a powerful tool to understand the cellular 

complexity of the healthy human liver 
• A single cell,  single nuclei, and spatial approach may be 

required to identify cellular drivers and the heterogeneity 
of liver disease

• Transcriptional profiling will uncover pathways to target to 
reprogram the livers of patients.
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