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From chronic injury to inflammation and fibrosis

Monocyte Neutrophil ?;I ?Q:T ZHe1ll7 jgg{l }2[1 Com ponentS Of the
a2 °\ ‘\ (@ Immune environment
v l /J l l Enﬁothelial
« Activation of o f & @& In siusod
resident =™ i ¢ Ty <= T am_ <= ® Ipe—_ = qul_ > I

Liver parenchyma

« Activation of
hepatic stellate
cells

(immune) cells

* Recruitment of
inflammatory cells

* Intense cellular . &'

crosstalk between (- \
immune cells, e

CXCL16 CXCL9/10
Kupffer cell \ | /
( \(/—n_n o DepOSitiOn of

extracellular
matrix

parenchymal and ﬁ%%“te" | (@ « Deactivation of
epatoc e -& = \\_/ .
nOn-pal’enChymEﬂ - s /‘\ L Q\Mltochondna ) Collagen\\"’ repalr / .
cells "N C/ {:}. Do £ regenerative
\ y / | 1\ P L& ¢ e pathways
Vo I ' PQrof . P
’ F a M- J"‘f'a““@a“ 2 (5 Fisfosids oy L0
’ ¥ "\\ 5 )% \ v g k oy - ‘-’f\ 7 \&»:ifé%‘: ‘: 4N

Hammerlch L, Tacke F. Nat Rev Gastroenterol Hepatol 2023;20(10):633-646

@H ARITE UNIVERSITATSMEDIZIN BERLIN



From chronic injury to inflammation and fibrosis
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Macrophage heterogeneity in the liver (example: MASLD)
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The single-cell seq view: Liver macrophage heterogeneity
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ScRNAseq: Liver macrophage heterogeneity across models

Liver Liver % _' 3
Ly6G"e8 non-lymphoid CD45P°s cells Ly6G"e8 non-lymphoid CD45P°* cells i1 Phnz

11

c
S
a
L
o
) CD CDAA WD CD CDAA WD
)
GCJ Fos Cdi4
0o
Q
=
©
v

> >

L w

2 2

4 4

tSNE x tSNE x CD CDAA WD CD CDAA WD

Hundertmark J / Berger H / Tacke F. unpublished data

( CHARITE uNIVERSITATSMEDIZIN BERLIN



Macrophage diversity in MASLD & fibrosis (single-cell data)
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Macrophage diversity in MASLD & fibrosis (single-cell data)
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Immune cell composition in human liver
Single nuclei RNA seq (Cambridge)
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Spatial immune cell composition in human liver
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Spatial immune cell composition in human liver
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Spatial immune cell composition in human liver
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Macrophage crosstalk in the portal areas of MASH-livers

Guillot A ... Tacke F, Hepatology 2023; 78(1):150-166
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Macrophage crosstalk in the portal areas of MASH-livers
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Modelling immune cell interactions in liver disease in vitro

Perfusable liver-on-a-biochip with primary cell populations
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Lanifibranor (pan-PPAR-agonist) in experimental MASH

Perfusable liver-on-a-biochip with primary cell populations

Untreated FFAs FFAs + Lanif

CIC accumulation _
CIC accumulation

o | *
el = 1209 & ven
> o | - FFAs
% L O FFAs + Lanif
O £ NE (0}
m EO_ E
S 8o o
o E ™ ()
2 5 0 3
c £ o
= o| =
8(\1 g 40—
7]
ol & (&)
= 2]
(@)
o
E E— E— O—T—T—T T T T T
= v FoR 0 3 6 9 1215 18 21 24
Time/h

Modelling and modulating steatosis, cell injury,

Li H, et al. Adv Sci 2024:11(30):e2403516 immune cell recruitment and fibrogenesis in MASLD

( CHARITE uNIVERSITATSMEDIZIN BERLIN



Cellular crosstalk in liver disease: the dynamic dimension

Heymann F / Peiseler M./ Tacke Ectinpublished work
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Cellular crosstalk in liver disease: the dynamic dimension
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Cellular crosstalk in liver disease: the dynamic dimension
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Monocyte-derived macrophages form clusters to

compensate Kupffer cell loss in liver fibrosis

fibrosis — macrophage aggregates
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Dynamic changes of macrophage compartment in fibrosis

intravital microscopy (mice) Hoechst

N
=
|

-+ FQV with cluster
-m FOV without cluster

[
=
I

o
=
I

L2
=
I

M3
=
1

-k
=
I

» Kupffer cell numbers are reduced

Staphylococcal catching (FOV)

=

« Giant macrophages — catch bacteria

Peiseler M, ... Tacke F, Kubes P. Science. 2023; 381(6662):eabq5202 Minutes

( CHARITE uNIVERSITATSMEDIZIN BERLIN



Monocyte-derived macrophages form clusters to
compensate Kupffer cell loss in liver fibrosis
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Impact of fibrosis progression or regression on liver
macrophages
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Impact of fibrosis progression or regression on liver
macrophages
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Impact of fibrosis progression or regression on liver
macrophages
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Impact of fibrosis progression or regression on liver
macrophages
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Less efficient antibacterial defense after fibrosis regression
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Cell-cell communication with liver macrophages
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Inflammation
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From metabolic injury to inflammation and fibrosis
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From metabolic injury to inflammation and fibrosis
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Immune exhaustion and inflammatory regulation of disease
progression

Metabolic injury to the liver causes immune adaptation processes driving progression of inflammation,
fibrosis and cancer, but has also consequences on immune functions (‘immune exhaustion’)

Single-cell RNA sequencing and accompanied imaging techniques (spatial proteo-transcriptomics,
dynamic microscopy) help to dissect functionally distinct immune cell subsets and their interactions

Macrophage populations are key orchestrators during chronic liver disease — their diversity includes
different ontogeny, heterogeneous subtypes and versatile phenotype adaptation

The hepatic macrophage pool changes during inflammation and does not fully revert to “normal” after
regression - monocyte-derived macrophages closely interact with cholangiocytes in the portal area
(ductular reaction) and cannot fully compensate physiological functions of Kupffer cells

Rapid advances in basic science will likely identify new targets (or bring new insights on known
targets) — an integrated view is needed, translation into clinical success remains challenging

Prof. Frank Tacke, Charité - Universitatsmedizin Berlin, Email: frank.tacke@charite.de
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