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FIBROSIS: FROM MECHANISMS TO MEDICINES
Henderson NC et al. Nature. 2020 November ; 587(7835): 555-566.
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FIBROSIS: FROM MECHANISMS TO MEDICINES

Henderson NC et al. Nature. 2020 November ; 587(7835): 555-566. Fibrosis, secondary to age-

associated chronic low-
grade inflammation
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Senescence and tissue fibrosis: opportunities for therapeutic targeting
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The NLRP3 inflammasome in fibrosis and aging: The known unknowns
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Fig. 1. Regulatory mechanism of the NLRP3 inflammasome.
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Inflammation and immunity in |PF pathogenesis and treatment
Heukels P et al. Respiratory Medicine 147 (2019) 79-91.
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Tissue fibrosis - IPF

Physiol. Res. 73: 487-497, 2024
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Inflammation and immunity in IPF pathogenesis and treatment
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Inflammation and immunity in IPF pathogenesis and treatment
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Immune mechanisms linking
metabolic injury to
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fatty liver disease — novel
insights into cellular

communication circuits
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Metabolic reprogramming in liver fibrosis
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Metabolic reprogramming in liver fibrosis
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Diffuse myocardial fibrosis:
mechanisms, diagnosis and
therapeutic approaches

Begoiia Lopez'-*#, Susana Ravassa'?*, Maria U. Moreno® "%, Gorka San José'~,
Javier Beaumont'2, Arantxa Gonzalez(»'2?* and Javier Diez()'23%

Box 1 | Conditions associated with diffuse myocardial fibrosis
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“*Conditions in which diffuse myocardial
fibrosis was identified by cardiovascular MRI
instead of endomyocardial biopsy, which was
performed in the other conditions.
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Myocardial fibrosis from the perspective of the extracellular matrix: Mechanisms to clinical impact
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Table 3| Novel therapies potentially applicable to reverse diffuse myocardial fibrosis

Target

TGFp1
signalling

Non-coding
RNAs

Metabolic
pathways

Extracellular
collagen
processing

Inflammation

Therapeutic strategy

Inhibiting connective tissue growth
factor activity with the monoclonal
antibody pamreviumab

Inhibiting miR-21 with RG-012

Mimicking miR-29a with remlarsen

Omega-3 fatty acid supplementation
LOXL2 inhibition with simtuzumab

Matrix metalloproteinase inhibition
with low-dose doxycycline

Therapy with modified citrus pectin
{a galectin 3 inhibitor)

Therapy with BLD-2660 (a calpain
inhibitor)

Therapy with sodium thiosulfate
{a hydrogen sulfide-releasing agent)

Study stage

Phase Il trial in patients with idiopathic
pulmonary fibrosis

Phase lll trial in patients with idiopathic
pulmonary fibrosis

Phase | trials in patients with Alport
syndrome

Phase |l trials in patients with Alport
syndrome

Phase | trial in healthy volunteers

Phase Il trial in patients with cutaneous
fibrosis

Phase lll clinical trial in patients with
myocardial infarction

Phase |l clinical trial in patients with
idiopathic pulmonary fibrosis

Phase Il clinical trials in patients with acute
myocardial infarction and heart failure

Phase Il trial in patients with myocardial
infarction

Phase | trial in patients with chronic kidney
disease

Phase lla trial in patients with idiopathic
pulmonary fibrosis

Phase |l trial in patients with myocardial
infarction

LOXL2, lysyl oxidase homologue 2; TGFP1, transforming growth factor-g1.

Nature Reviews Cardiology volume 18, pages479-498 (2021)

Completed

Ongoing
Completed
Ongoing

Completed
Ongoing

Completed
Completed
Completed
Ongoing
Ongoing
Ongoing

Ongoing
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Kidney fibrosis: from mechanisms to therapeutic medicines
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Histone modification and DNA methylation in kidney fibrosis. Suppression of antifibrotic genes

Signal Transduction and Targeted Therapy (2023) 8:129
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Contributions of Immune Cells and Stromal Cells to the Pathogenesis of Systemic Sclerosis: Recent Insights
Bingying Dai et al. 2022. Front. Pharmacol. 13:826839.
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The role of innate immune cells including monocytes, macrophages, and dendritic cells in the fibrosis in SSc.



Contributions of Immune Cells and Stromal Cells to the Pathogenesis of Systemic Sclerosis: Recent Insights

Adaptivimmunitas

Contributionof ! ~ooie
and their cytokines to fibrosis in
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Bingying Dai et al. 2022. Front. Pharmacol. 13:826839.
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= Fibrosis: kozponti szerep, ECM termelés
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lgG4-related disease: an update on
pathophysiology and implications for
clinical care

Cory A. Perugino'? and John H. Stone'®

Diffuse thickening with P Orbits
contrast enhancement ' Often symptomatic, masses,
extra-ocular muscle myositis
Asymptomatic enlargement,  Major salivary glands
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usually symmetric Diffuse enlargement, diabetes,
exocrine insufficiency
Lungs. —
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mm _ === & \ with aneurysm
Intra-hepatlc and “
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b 2 S — Soft tissue mass encasing the
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multiple
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Nature Reviews Rheumatology volume 16, pages702-714 (2020)
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leG4-related disease: an update on
pathophysiology and implications for
clinical care

Cory A. Perugino'? and John H. Stone'®
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Tissue fibrosis
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Clinical manifestations Histopathology

¢ Tumor-like soft tissue mass J| * Lymphoplasmacytic infiltrate
* Organ enlargement » Storiform fibrosis

Nature Reviews Rheumatology volume 16, pages702—-714 (2020)
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Senescence and tissue fibrosis:
opportunities for therapeutic

targeting

Trends in Molecular Medicine, December 2024, Vol. 30, No. 12

Table 1. Senescence in fibrosis in vivo

Cardac  Aged INK-ATTACand  ABT-263 Phamacological or ganetic
fibrosis C57BLAJ mice (ravtociax) clearance of sanascant calls in
mica aleviated myocardial
hypertrophy and forosis
Ischemia reperfusion ABT-263 Navitoctax reduced senascence
model n C57BL/AJ {ravitociax) and improved cardiac function by
mce attenuating the profibrotic SASP,
reducing scar, and enabling
Human cardiac fioresis Quercetin, dasatinb The sanolytic drugs ladto an
onachip model improvement n contractile
function, raduced passive tension,
and downraguiated
senescence-telated gene
expression in the tissue
Renal Renal artary stenosis Quexcatin, dasatinb Bath p186-spacific and
fibrosis in INK-ATTAC mica quercatin-dasatinb improved
rena function and structure
C57BLAJ mica on Quexcatin Improved renal function indices
high fat diat and allaviated fiorosis
Agad and/or kidney ABT-263 ABT-263 treatment resulted n
injury modeis in (ravitociad) mproved functional recovery and
C57BL/AJ mica reduced fiorosis
Lupus nephritis in Fisatin Fisatn treatmant attenuated
MRUlpr mice kidney fibress, reduced SASP
axpression, and increased tubuiar
apithelial call prolferation
Lung Bleomyain lung Quexcatin, dasatinb Bath p16-specific and
fiorosis fiorosis n INK-ATTAC quercetin-dasatinb improved
mce rend function and structure
Exvivofitrotic 3D lung  Quexcatin, dasatinb Phamacoiogical treatment
tissue significantly eliminated senescant
markers and the SASP
Bieomyain lung Nintadanid Nintedanib suppressad senascent
fioresis n C57BLAY cdll survival through the
mce JAK2/STAT3 signaling pathway in
the lung fibrosis moddl
Yool pinadited. | D i focti
IMRS0 cals n mica senascanca-induced lung fibrosis
Bieomyacin and ABT-263 ABT-263 inducad fibrabiast
constaline shicadnduced (navitociax) apoptosis, dacreasad fibroblast
ung fibrosis in mce numbers, and raduced fibress
B : - A s ihbi
iung florosis in mce fibrosis and epithaial-mesenchymal
trangtion in mce
Radiation-induced FOXO4-DRI FOXO4-DRI aleviated pumonary
ung forosis in fibrosis by targeting
C57BLE mce senescanca-fike fibroblasts in vivo
Sanescant IMRSO ABT-263 Navtochx sgnificantly reducad
cals-inducadiung {ravitociag caoiagen content in fibrotc Lings,
fiorosis n mica comparable wih the effect of
nintedanib and pifenidone
Livar CCle- or NASH- uPARspeciic CART cels  CAR T cefis afficiently eliminated
fbrosis Induced Wver florosis in senescent calls, reduced fibress,
C57BLSN mice and improved lver function in mice
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Targeting Fibrosis: From Molecular Mechanisms to

Advanced Therapies

Adv. Sci. 2025, 12, 2410416
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Targeting fibrosis: mechanisms and clinical trials
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Zhao M et al. Signal Transduction and Targeted Therapy (2022) 7:206
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Mechanisms of mesenchymal stem cell
(MSC)-based therapy for fibrosis

Anti-inflammatory effects

.« Inhibit secretion of B
« Inhibit ECM deposition
growth factors (IL-18, IL-5, .

, cytokines, chemokines and

IL-6, IFNy, TNFa, TGFB)

¢ Inhibit immunocyte o

infiltration
« Promote polarization of M2
macrophage

Adv. Sci. 2025, 12, 2410416

MSCs

Progenitor cells

Paracrine
effects

Antifibrotic effect
Inhibit EMT

Inhibit activation of
myofibroblasts

CAR-T against FAP* cardiac
myofibroblasts

Inhibit synthesis of TIMPs,
increase synthesis of MMPs

Tissue regeneration

e Inhibit AEC2s senescence

e Promote AEC2s proliferation

* Replacement of damaged
cells

o Promote remuscularization
of fibrotic tissue in the heart
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CAR-Macrophage Therapy Alleviates Myocardial
Ischemia-Repertusion Injury

Jiawan Wang®>," Heng Dut®,” Wanrun Xie'®," Jinmiao Bit9," Hao Zhang', Xu Liu?, Yuhan Wang, Shaclong Zhang,
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Allogeneic CD19-targeted CAR-T therapy in patients
with severe myositis and systemic sclerosis
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