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Metabolic dysfunction-associated 
steatotic liver disease (MASLD)

• Global prevalence ~25%

• No approved drugs
• Proven measures

• Weight loss by diet or 
exercise

• Vitamin E

• Insufficient biomarkers 10.18043/ncm.77.3.216

MASLD

Steatotic
liver

Steato-
hepatitis

Old nomenclature New

Nonalcoholic fatty liver disease 
(NAFLD)

Metabolic dysfunction-associated 
steatotic liver disease (MASLD)

Nonalcoholic steatohepatitis 
(NASH)

Metabolic dysfunction-associated 
steatohepatitis (MASH) 10.1016/j.jhep.2023.06.003



Liver, lobule, cell types and zonation
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Fig. 10 Summary map of the human liver. The main “building block” of the liver is the hepatic lobule, which includes a portal triad, hepatocytes aligned
between a capillary network, and a central vein. The portal triad is made up of the hepatic artery, the portal vein and the bile duct. Found between the liver
sinusoids are parenchymal cells (hepatocytes) and non-parenchymal cells (endothelial cells, cholangiocytes, macrophages, hepatic stellate cells, and liver
infiltrating lymphocytes- including B cells, αβ and γδ, T cells, and NK cells). Non-inflammatory macrophages are labeled ∗Kupffer cells based on their
transcriptional similarity to mouse KC. The location of B cells, plasma cells, T cells, and NK cells has yet to be confirmed by immunohistochemical staining
of these populations in situ so their location in this schematic is not representative of their zonated distribution. The zonation of hepatocytes was not
confirmed by immunohistochemical staining and is inferred as a result of pathway analysis and transcriptional similarity to the zonated gene expression
patterns previously shown in mice (Halpern et al.12)
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zonation, the authors generated liver-specific 
LGR4 and LGR5 single and LGR4/5 double 
knockout mouse models. Single LGR4 knockout 
mice exhibited reduced liver weight, abrogated 
Wnt signalling, absent LGR5 mRNA expression 
and reduced expression of metabolic enzymes 
such as GS and arginase1 (Fig. 1), and LGR4/5 
double knockout mice exhibited impaired 
postnatal liver development, with reduced 
liver weight and abrogated Wnt signalling. 
However, LGR5 single knockout mice did not 
show such changes. LGR4/5 double knockout 
mice, in turn, demonstrated functional hepato-
cyte and biliary cell differentiation, as evidenced 
by normal distribution of HNF4+ hepatocytes, 
cytokeratin 19 expression in biliary ducts and 
lack of SOX9 expression in hepatocytes. High-
throughput RNA sequencing of total liver RNA 
isolated from wild-type and Lgr4/5 double 
knockout mice confirmed that the expression 
of Wnt target genes and metabolic enzymes was 
deregulated, with metabolic genes known to be 
expressed centrally displaying lower expression, 
and genes expressed portally being upregulated. 

Taken together, these data support that loss of 
Wnt/β-catenin pathway activity in the liver in 
the absence of Lgr4/5 leads to loss of metabolic 
zonation.

The investigators also assessed whether 
extracellular RSPO ligands control liver size 
and regeneration through the LGR4 and LGR5 
receptors. Inducible overexpression of the 
extracellular domain of ZNRF3, which blocks 
RSPO function by inhibiting RSPO-induced 
membrane accumulation of Frizzled proteins, 
compromised the hepatic Wnt/β-catenin activ-
ity gradient in mouse livers. These mice also 
exhibited a strong reduction in the expression 
of the metabolic enzymes GS and CYP2E1. 
Conversely, mice with combined inducible 
deletion of ZNRF3 and RNF43 showed marked 
increases in the expression of these metabolic 
enzymes compared with controls.

Injections of recombinant RSPO1 in 
adult mice led to increased cell prolifera-
tion and increased Wnt/β-catenin signalling, 
which expanded into the regions of portal 
hepatocytes and increased the expression of 

GS and CYO2E1. However, RSPO1 injections 
did not increase the expression of these meta-
bolic enzymes in LGR4/5 double knockout 
mice, providing experimental support for the 
role of RSPO1 in the spatiotemporal control 
of the Wnt/β-catenin pathway downstream of 
LGR4/5 to regulate metabolic liver zonation. 
The authors further demonstrated that recom-
binant RSPO1 injections could improve liver 
regeneration following partial hepatectomy by 
generating livers of increased sizes, raising the 
possibility that triggering RSPO1-dependent 
responses during liver regeneration after injury 
can circumvent the mechanisms that restrict 
liver size.

In conclusion, Tchorz and colleagues have 
provided a detailed examination of the func-
tions of the Wnt signalling system in the liver, 
including the RSPO extracellular ligands, 
LGR4/5 membrane receptors, ZNF3/RNF43 
receptor-degrading enzymes, β-catenin and 
target genes. Their data demonstrate that 
RSPO–LGR4/5–ZNRF3/RNRF43 signalling 
acts as a hepatic growth/size rheostat during 
development, homeostasis and regeneration, 
extending our understanding of the regula-
tory mechanisms controlling liver function 
and architecture.

Interestingly, recent reports identified 
liver cell subpopulations with characteristics 
reminiscent of stem cells with distinct locali-
zation and characteristics, which are capable of 
achieving significant repopulation of the liver. 
One recent study14 identified a small propor-
tion of self-renewing hepatocytes marked by 
expression of the Wnt pathway component 
Axin2, which are specifically localized close 
to the central veins in adult mice, and can 
expand radially to replace a large proportion 
of hepatocytes across the lobules. Another 
study15 examined so-called hybrid periportal 
hepatocytes (a rare subpopulation, the loca-
tion of which is restricted to the portal sides 
of the lobules), which could regenerate up to a 
third of the liver parenchyma following injury. 
It would be interesting to determine whether 
the RSPO–LGR4/5–ZNRF3/RNRF43 signal-
ling axis identified by Tchorz and colleagues 
in metabolic liver zonation also affects the 
function and responses of these hepatocyte 
subpopulations, and, if so, how these effects 
are elicited.

By following Wnt signalling from its extra-
cellular origins to its levels of intracellular acti-
vation, and ultimately to the induction of target 
genes, Tchorz and colleagues have provided an 
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Figure 1 Expression and roles of the RSPO–LGR4/5–ZNRF3/RNRF43 signalling axis in liver zones. 
(a) Liver functions are arranged across a unique architectural unit: the lobule. Venous blood from the 
intestines mixes with arterial blood near the periportal zone, where the bile ductules are also located 
(left). Blood then travels through the liver sinuses and collects in the central veins (right). (b) The liver 
architecture contains distinct metabolic zones that separate various functions, such as β-oxidation 
and gluconeogenesis (increased on the portal side), lipogenesis, ketogenesis and glycolysis (increased 
on the central side). In wild-type mice, LGR5 and RNF43 expression and Wnt signalling are high 
in hepatocyte layers close to the central veins but not close to the portal veins. LGR4 and ZNF3 are 
uniformly expressed throughout the lobules. Deletion of LGR4/5 in mouse livers reduced liver weight 
and Wnt signalling, and deregulated levels of centrally or portally expressed metabolic genes. These 
defects were not counteracted by RSPO1 injection, which in contrast was able to circumvent the 
mechanisms that restrict liver size in wild-type mice by increasing Wnt signalling in portal hepatocytes 
and producing livers of increased size following hepatectomy.
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Cell types involved in MASH 
pathogenesis REVIEW ARTICLENATURE MEDICINE

The second major source of fatty acids is their synthesis from 
glucose and fructose by de novo lipogenesis (DNL), and a stable iso-
tope study demonstrated that the increase in hepatic lipid content 
in patients with NAFLD is largely attributable to DNL61. Whereas 
introduction of glucose into the DNL pathway is highly regulated, 
nearly all fructose is removed from portal blood by the liver, where 
it is phosphorylated and committed to DNL without regulation. 
How much ingested fructose reaches the hepatic portal circula-
tion is uncertain, as studies in mice have shown gut enterocytes 
are involved in a component of fructose metabolism62, and human 
studies have shown limited absorptive capacity for fructose by the 
gut epithelium63,64. Following a large fructose load, the phosphoryla-
tion of fructose in hepatocytes commits it to DNL, resulting in the 
depletion of liver ATP in humans and animals65, which may enhance 

cellular stress. The consumption of sugar-sweetened beverages that 
contain either sucrose (which is converted to fructose and glucose 
in the gut) or a mixture of fructose and glucose is epidemiologically 
associated with fat accumulation in the liver and with NASH66,67.

DNL can be pharmacologically inhibited by targeting its syn-
thetic enzymes, for example acetyl-CoA carboxylase (ACC)68.  
In addition, inducing downregulation of the expression of steroyl-
CoA response element binding protein-1c (SREBP-1c), the major 
transcriptional regulator of the enzymes involved in DNL, could be 
beneficial in treating NASH because the nuclear transcription fac-
tor farnesoid X receptor (FXR) regulates the expression of enzymes 
of the DNL pathway. The carbohydrate response element–binding 
protein (ChREBP) also induces the expression of enzymes involved 
in DNL, but studies of human liver biopsies have suggested that 
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Fig. 1 | The substrate-overload liver injury model of NASH pathogenesis. Free fatty acids are central to the pathogenesis of NASH. Free fatty acids that 
originate from lipolysis of triglyceride in adipose tissue are delivered through blood to the liver. The other major contributor to the free fatty acid flux 
through the liver is DNL, the process by which hepatocytes convert excess carbohydrates, especially fructose, to fatty acids. The two major fates of fatty 
acids in hepatocytes are mitochondrial beta-oxidation and re-esterification to form triglyceride. Triglyceride can be exported into the blood as VLDL 
or stored in lipid droplets. Lipid droplet triglyceride undergoes regulated lipolysis to release fatty acids back into the hepatocyte free fatty acid pool. 
PNPLA3 participates in this lipolytic process, and a single-nucleotide variant of PNPLA3 is strongly associated with NASH progression, underscoring 
the importance of the regulation of this lipolysis. When the disposal of fatty acids through beta-oxidation or formation of triglyceride is overwhelmed, 
fatty acids can contribute to the formation of lipotoxic species that lead to ER stress, oxidant stress and inflammasome activation. These processes 
are responsible for the phenotype of NASH with hepatocellular injury, inflammation, stellate cell activation and progressive accumulation of excess 
extracellular matrix. Lifestyle modifications that include healthy eating habits and regular exercise reduce the substrate overload through decreased intake 
and diversion of metabolic substrates to metabolically active tissues and can thereby prevent or reverse NASH. SCD, steroyl CoA-desaturase; FAS, fatty 
acid synthase; NKT, natural killer T cell; Tregs, regulatory T cells; PMNs, polymorphonuclear leukocytes. Credit: Marina Corral Spence/Springer Nature
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Single-cell or single-nucleus assays

10x Genomics

13Click to TOC Chromium Next GEM Single Cell ATAC Reagent Kits v1.1 User Guide • Rev D

 Nuclei suspensions are incubated in a Transposition Mix that includes a Transposase. 
The Transposase enters the nuclei and preferentially fragments the DNA in open 
regions of the chromatin. Simultaneously, adapter sequences are added to the ends of 
the DNA fragments.

Stepwise Objectives

Step 1 
Transposition

Step 2 
GEM Generation & 
Barcoding 

The Chromium Single Cell ATAC Solution provides a comprehensive, scalable approach 
to determine the regulatory landscape of chromatin in hundreds to thousands of cells 
in a single sample. This is achieved by transposing nuclei in a bulk solution; then 
using a microfluidic chip, the nuclei are partitioned into nanoliter-scale Gel Beads-
in-emulsion (GEMs). A pool of ~750,000 10x Barcodes is sampled to separately and 
uniquely index the transposed DNA of each individual nucleus. Libraries are generated 
and sequenced, and 10x Barcodes are used to associate individual reads back to the 
individual partitions, and thereby, to each individual nucleus. 

Introduction

 GEMs are generated by combining 
barcoded Gel Beads, transposed 
nuclei, a Master Mix, and 
Partitioning Oil on a Chromium 
Next GEM Chip H. To achieve single 
nuclei resolution, the nuclei are 
delivered at a limiting dilution, 
such that the majority (~90-99%) of 
generated GEMs contains no nuclei, 
while the remainder largely contain 
a single nucleus.

 Upon GEM generation, the Gel 
Bead is dissolved. Oligonucleotides 
containing (i) an Illumina® P5 
sequence, (ii) a 16 nt 10x Barcode 
and (iii) a Read  1 (Read 1N) 
sequence are released and mixed 
with DNA fragments and Master 
Mix. Thermal cycling of the GEMs 
produces 10x barcoded single-
stranded DNA. After incubation, 
the GEMs are broken and pooled 
fractions are recovered.  
 

10x Barcoded DNA Fragments

Read 1N10x 
Barcode

 Insert

Read 1N

10x 
Barcode

Read 2NP5

P5 Read 2N

Denaturation, Linear Amplification

Linear Amplification Product

Inside Individual GEMs

Read 1N

P5

10x 
Barcode

Gel Beads

Chromium Next GEM Chip H

10x Barcoded 
Gel Beads

GEMs

Nuclei
Enzyme

Gel Beads

Partitioning 
Oil

• Essentially, assay single 
cells/nuclei separately
• e.g. in droplets
• ~3000 nuclei per sample in 

this study
• Commercially available 

assays
• RNA-seq
• ATAC-seq

• We used Chromium ATAC-
seq [10x Genomics]



ATAC-seq

10.1038/s41596-022-00692-9

• Detect open chromatin
• Tn5 inserts at open chromatin
• Insertion site is observed by NGS
• Co-located insertions form a peak

• If there is nearby
• Gene è the gene is “expressed”
• Transcription factor binding motif 

è the transcription factor is 
“binding”

• Although indirect, we can 
quantify
• expression of all genes
• binding of all transcription factors

(ChIP-seq/Cut&Run/Cut&Tag can 
only measure a few)

https://doi.org/10.1038/s41596-022-00692-9


Part 1. Development of MASLD
• Quantity: cell type composition
• Quality: gene expression and regulation
• Single-cell assay

Part 2. Recovery from MASLD
• Distinguish recovering cells
• Single-cell + Spatial transcriptomics



Background & Aim

• Previous MASLD single-cell 
studies were all scRNA-seq
• Couldn’t quantify cell type 

composition
• Couldn’t measure 

transcription factor 
regulation

• Elucidate MASLD 
development

1. Cell type composition
2. Gene expression in each cell 

type
3. Global gene regulation

è Performed single-nucleus 
and bulk tissue ATAC-seq
• Identify core genes in 

relevant biological 
processes
• Candidates for drug targets 

and biomarkers
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Methods. Inferring nuclei similarity 
from single-nucleus ATAC-seq data
1. High-dimensional input 

data

Dimension reduction

2. Low-dimensional space 
representing biology

Clustering
3. Classify nuclei
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• By similarity of 

chromatin 
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16 clusters
• Cell type assigned 

by marker gene 
expression
• Hepatocytes

• 7 clusters
• Endothelial cells

• 3 clusters
• Stellate cells

• 2 clusters
• White blood cells

• 4 clusters

Hepatocyte Endothelial Stellate Inflammatory
macrophage

Non-inflammatory
macrophage

T-cell,
NK cell B-cell

0.0

0.2

0.4

0.6

Pr
op
or
tio
n
[M
ea
n
+/
-
SD
]

HFD
4 weeks

HFD
8 weeks

Wash-
out

Normal
diet

*

* *

* *
*

P-value < 0.05/7/3 vs. Normal diet*

UMAP Dimension 1

U
M
AP

D
im
en
si
on
2

UMAP of myLSI4

Hepatocytes (8272)

Stellate cells (976)

Endothelial cells (2483)

Non-inflammatory
macrophages (1081)

T-cells,
NK cells
(532)

B-cells (258)

Inflammatory
macrophages (884)

Alb
C
yp2e1

Krt19
Stab2

D
es

Lrat
C
sf3r

Elane
Ly6g6d

C
sf1r

Lyz2
M
arco

G
ata3

G
zm
a

Ebf1

Hepatocyte

Endothelial Inflammatory
macrophage

Non-inflammatory
macrophage

T-cell,
NK cell

B-cell

0.3
1.0
3.0
10.0

0.03
0.10
0.30
1.00
3.00

0.1
1.0
10.0

1
3
10

0.03
0.10
0.30
1.00
3.00

0.1
1.0
10.0

0.03
0.10
0.30
1.00
3.00

0.01
0.10
1.00
10.00

0.01
0.10
1.00
10.00

0.3
1.0
3.0
10.0

0.1

1.0

10.0

0.1

1.0

10.0

0.1

1.0

10.0

0.1
1.0
10.0

0.3
1.0
3.0
10.0

G
en
e
ex
pr
es
si
on

Stellate

HFD

Normal
diet

HFD
4 weeks

HFD
8 weeks

Washout

Normal
diet (1)

Age [weeks]12 16 20

Single-nucleus ATAC-seq (n=1 per condition)
Tissue bulk ATAC-seq (n=4 per condition)

Normal
diet (2)

Figure 1

Hepatocyte Endothelial Stellate Inflammatory
macrophage

Non-inflammatory
macrophage

T-cell,
NK cell B-cell

0.0

0.2

0.4

0.6

Pr
op
or
tio
n
[M
ea
n
+/
-
SD
]

HFD
4 weeks

HFD
8 weeks

Wash-
out

Normal
diet

*

* *

* *
*

P-value < 0.05/7/3 vs. Normal diet*

UMAP Dimension 1

U
M
AP

D
im
en
si
on
2

UMAP of myLSI4

Hepatocytes (8272)

Stellate cells (976)

Endothelial cells (2483)

Non-inflammatory
macrophages (1081)

T-cells,
NK cells
(532)

B-cells (258)

Inflammatory
macrophages (884)

Alb
C
yp2e1

Krt19
Stab2

D
es

Lrat
C
sf3r

Elane
Ly6g6d

C
sf1r

Lyz2
M
arco

G
ata3

G
zm
a

Ebf1

Hepatocyte

Endothelial Inflammatory
macrophage

Non-inflammatory
macrophage

T-cell,
NK cell

B-cell

0.3
1.0
3.0
10.0

0.03
0.10
0.30
1.00
3.00

0.1
1.0
10.0

1
3
10

0.03
0.10
0.30
1.00
3.00

0.1
1.0
10.0

0.03
0.10
0.30
1.00
3.00

0.01
0.10
1.00
10.00

0.01
0.10
1.00
10.00

0.3
1.0
3.0
10.0

0.1

1.0

10.0

0.1

1.0

10.0

0.1

1.0

10.0

0.1
1.0
10.0

0.3
1.0
3.0
10.0

G
en
e
ex
pr
es
si
on

Stellate

HFD

Normal
diet

HFD
4 weeks

HFD
8 weeks

Washout

Normal
diet (1)

Age [weeks]12 16 20

Single-nucleus ATAC-seq (n=1 per condition)
Tissue bulk ATAC-seq (n=4 per condition)

Normal
diet (2)

Figure 1

3000 nuclei per sample



Cell type composition
• Methods: Inferred cell type 

composition in bulk tissue samples 
(n=4 per condition)
• Measured bulk ATAC-seq profile
• Approximated as a mixture of profiles 

for pure cell types (obtained by 
snATAC-seq)

• Hepatocyte
• Decreased after 8 weeks HFD

• Inflammatory macrophage
• Largely increased after 4 weeks HFD
• Further increased at 8 weeks HFD

• Non-inflammatory macrophage
• Increased after 8 weeks HFD

• B-cell
• Increased under HFD

• Washout didn’t differ from normal 
diet
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Differential gene expression by diet, 
in each cell type

Compared to normal diet
• Steroid & fatty acid 

metabolism
• Hepatocyte

• Inflammation
• Hepatocyte: 8 weeks HFD 
• Macrophage: 4 weeks HFD, 

washout

• Apoptosis
• Hepatocyte: 8 weeks HFD

• Actin filament
• Stellate cell: 8 weeks HFD

Figure S1 3 FDR <0.05

2 P <0.01

1 P <0.05
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Summary (1)

• By utilizing single-nucleus and bulk ATAC-seq, we could 
observe cell-type specific changes in the development 
of MASLD.
• Changes in cell type composition
• Changes in cell-type-specific gene expression
• Both agreed with the pathological progression



Part 1. Development of MASLD
• Quantity: cell type composition
• Quality:
• gene expression
• gene regulation

Part 2. Recovery from MASLD



Data-driven discovery of global gene regulation
③① ②

Figure 8
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Conclusion.
Using novel statistical 
methods, we elucidated 
a global picture of in vivo 
transcription factor (TF) 
regulation in each cell 
type as a set of modules, 
and discovered core 
genes.
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Global TF
regulation
in

Modules (TFs therein)

Machine
learning

Gene set
enrichment
analysis

Co-expression, 
protein-protein 
interaction

For each gene, compute its 
regulator TFs/diets

Extract modules
• TFs in a module regulate the 

genes in the same module

Regulator-
Regulatee

Matrix

8,
82

7 
ge

ne
s

541 TFs + 3 diets

M1

M2



Major modules of TF regulation
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Biological processesModules (TFs therein)

Machine
learning

Gene set
enrichment
analysis

Co-expression, 
protein-protein 
interaction

• Essentially, a module is a list 
of TFs and genes
• For the list of genes, find 

characteristic biological 
processes
• Search in database for 

processes whose Gene Set 
overlaps significantly



Biological processes characterizing 
TF modules

Cell type TF Biological 
process Previous reports

Hepatocyte STAT family steroid metabolism 

Hepatocyte, 
endothelial, 
macrophage

AP-1 family TNFa signaling via 
NF-kB 

AP-1 TFs respond to cytokine stimuli 
(Hess et al., 2004) 

Hepatocyte TCF/LEF family zonation in liver 
lobule

LEF1 TF binds to b-catenin protein 
and activates Wnt signaling pathway 
(Sun and Weis, 2011) 

Endothelial AHCTF1, 
ZNF740  

angiogenesis ZNF740 activates angiogenesis in 
pulmonary artery endothelial cells of 
rats (Yu et al., 2018) 

Stellate SOX9 semaphorin-plexin 
signaling 

Macrophage Maf family complement 
system 

In Mafb-deficient macrophages of 
mice, C1q production decreased (Tran 
et al., 2017) 

Macrophage IRF family angiogenesis IRF1 contributes to the commitment 
of pro-inflammatory M1 
macrophages, which produce 
angiogenic stimulators (Chistiakov et 
al., 2018). 

• The linkage 
between TF 
and 
biological 
process 
agreed with 
literature 
for 5 out of 
7
• Good 

indication!



③① ②

Biological processes Core genes

Machine
learning

Gene set
enrichment
analysis

Co-expression,
protein-protein
interaction

• A biological process is 
defined as a gene set (GS)
• Core genes of a GS

• Central in co-expression
• Central in protein-protein 

interaction
• STRING database



Core genes found in this study

Cell type Biological 
process

#Core 
genes

Known causal or 
biomarker genes for 

MASLD

Hepatocyte TNFa signaling 
via NF-kB 5 4 Tnf, Nfkb1, Il1r1, 

Cxcl12 (aka Sdf1) 

Endothelial TNFa signaling 
via NF-kB 8 4 Pecam1, Tlr4, Il15, 

Ccr5 

Macrophage TNFa signaling 
via NF-kB 3 1 Cd44 

Hepatocyte steroid 
metabolism 9 3 Scd1, Acox2, 

Apoa1

Stellate semaphorin-
plexin signaling 7 3 Nrp2, Nrp1, 

Sema3e 

• Large overlap 
with known 
MASLD genes 

• Suggests the 
biological 
validity of our 
data-driven 
approach



Summary (2)

• Using novel statistical methods,
• We captured global gene regulation in vivo under high-

fat diet by decomposing into modules. 
• The combination of TFs and genes (and biological 

processes) in a module agreed with literature.
• We searched core TFs/genes in biological processes, 

many of which overlapped with known MASLD genes.



Part 1. Development of MASLD
• Quantity: cell type composition
• Quality: gene expression and regulation

Part 2. Recovery from MASLD
• Distinguish recovering cells
• Single-cell + Spatial transcriptomics



Spatial transcriptomics

• Put a frozen tissue section on 
a 1cm x 1cm chip
• RNA-seq on 0.5 µm spaced 

spots
• Binned 50 x 50 spots (25 µm 

resolution)

• We used Stereo-seq
• Cons: cells not demarcated

• Borders can be inferred

• Complementary to single-cell 
assays, but not replacement

BGI Research



Background & Aim

• Epidemiologically, weight 
loss by diet or exercise is 
proven to ameliorate 
MASLD/MASH.
• Cellular and molecular 

mechanism is unclear.
• In animals, MASH 

development has been 
studied, but not recovery.
• Diet-based recovery model 

not reported

• Understand gene 
expression in the recovery 
process from MASH
• Distinguish the 

“recovering cells”
è Single-cell + spatial 
transcriptomics



Summary (3)

• By integrating single-cell and spatial transcriptomics 
assays, we identified which cell types exist in the 
recovering and non-recovering regions of liver tissue.

• Ongoing
• Spatial change in gene expression within each cell type
• Cell trajectory during recovery or non-recovery (e.g. fibrosis)

https://www.fumihiko.takeuchi.name



Supporting bioinformatics for all at 
Baker
Popular collaborations
• UK Biobank (n=500K)

analysis
• Omics

• Genomics
• Transcriptomics
• Single-cell
• Spatial transcriptomics
• etc.

• Domain Bioinformatics
support page
• Search in Baker intranet

• Bioinformatics AT baker.edu.au


