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Portal vein thrombosis (PVT)

PVT is rare in the general population (global prevalence of 1%)
Acute Chronic
but occurs in 5-35% of patients with cirrhosis, increasing with

disease severity

PVT contribution to disease progression is controversial.

Negative impact in the setting of liver transplantation.

mesenteric v.

mesenteric v. mesenteric v.

Intagliata NM et al. Gastroenterology. 2019

TREATMENT:
* Anticoagulation
* Shows attenuated response: up to 60% fail to complete recanalization

* Ifrecanalization occurs, re-thrombosis rate is high



Challenges in the study of PVT

Lack of adequate
animal models

Lack of in
vitro models

Critical questions

about portal
endotelial
Human evidence dysfunction and
about portal thrombus biology

endothelial
biology is indirect

Anatomical
inaccessibility to
human portal vein
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Not much research has been dedicated to the

portal vein endothelium
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Stainings and pathological analysis



Histopathology of PVT

Normal portal vein Portal vein in cirrhosis

Pei-Lin Li. Journal of Pathology 1940

Portal vein from donor

Driever et al. Hepatology. 2022




Cirrhosis remodels portal vein wall

Tl thickness TM thickness
#
| L p=0.06
1 f |
25 = . 254 -
2.0 7 . 204 .
£ 157 £ 15
E (1} E Lt .
[ I 1.0 - !
0-5 = - - 05 - T " II

I Anatomic changes of portal vein during cirrhosis:

* Increase tunica intima (TI) thickness with a decrease the thickness of tunica media (TM)



H&E

Cirrhosis remodels portal vein wall

Increased cellularity
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I Anatomic changes of portal vein during cirrhosis:
* Increase tunica intima (TI) thickness with a decrease the thickness of tunica media (TM)
* Increase cellularity in the TI

e Acellular material
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Cirrhosis remodels portal vein wall
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I Prominent mucin accumulation with
changes in collagen, fibrin, elastin

content in the subendothelial layer

Muscle




Vascular remodeling: the pattern of intimal hyperplasia

Concentric
thickening

Increase endothelial and smooth  Increased extracellular

muscle cell proliferations matrix deposition ~ Vessel wall thickening

Adventitia Neointimal hyperplasia

Eccentric
thickening Extracellular matrix

deposition and cell
proliferation

Adapted from Heng EE, et al. Vessel Plus. 2023



PV showed an eccentric intimal hyperplasia

IH pattern
100

75 A

” B cocenvic PVT: more advanced stage with more pronounced anatomical changes and eccentric thickening
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25 1




Site of
resection

Surgical resected vein

RNA sequencing &
PVECs bioinformatic analysis
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Isolation of cells from
human portal vein tissue
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Human PVECs isolation

PVECs growing in small colonies Monolayer of PVECs passage 1
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Isolated human PVECs display characteristic endothelial features

eNOS VWF Endothelial markers
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PC2 16%

RNAseq:

PVECs are transcriptomically distinct from systemic venous ECs
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GSEA PVECs vs ICVECs

Pathway

Main deregulated pathways

GOBP_CARDIAC_CONDUCTION_SYSTEM DEVELOPMENT
GOBP_POSITIVE_REGULATION_OF_CELL_JUNCTION_ASSEMBLY
GOBP_RIBOSOME_BIOGENESIS
GOBP_RIBONUCLEOPROTEIN_COMPLEX_BIOGENESIS
GOBP_CONNECTIVE_TISSUE_DEVELOPMENT
GOBP_FOREBRAIN_DEVELOPMENT

GOBP_NCRNA_PROCESSING

GOBP_OSSIFICATION
GOBP_CELL_SURFACE_RECEPTOR_SIGNALING_PATHWAY_INVOLVED_IN_CELL_CELL_SIGNALING
GOBP_TISSUE_MORPHOGENESIS
REACTOME_NEUTROPHIL_DEGRANULATION
GOBP_RESPONSE_TO_CALCIUM_ION
GOBP_ACTIN_FILAMENT_BASED_MOVEMENT
REACTOME_ANTIGEN_PROCESSING_CROSS_PRESENTATION
GOBP_VESICLE_CYTOSKELETAL_TRAFFICKING
REACTOME_ENDOSOMAL_VACUOLAR_PATHWAY
GOBP_SYNCYTIUM_FORMATION
REACTOME_ACTIVATED_NOTCH1_TRANSMITS_SIGNAL_TO_THE_NUCLEUS
GOBP_NEUTROPHIL_ACTIVATION_INVOLVED_IN_IMMUNE_RESPONSE @
KEGG_LYSOSOME @

2 -1 0 1 2
Normalized Enrichment Scor

Enriched pathways in PVECs: biosynthesis, structural remodelling and repair, stress

response and immunity

p-value
0.0016

0.0012
0.0008
0.0004

Gene count
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Positioning PVECs across vascular beds

0

Gene Expression Omnibus

-~

- Human aortic arterial endothelial cells (HAEC)

o= - Human coronary arterial endothelial cells (HCAEC)
Arterial

- Human pulmonary arterial endothelial cells (HPAEC)

~

= HUVEC

Venous
o Lymphatic endothelial cells (LEC)
Lymphatic

- PVEC

ICVEC

31



Fold change

Fold change

Positioning PVECs across vascular beds
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Generation of iPVECs: Novel biological tool for the study of
splanchnic pathophysiology

GFP SV40 Puro

iPVECs preserve EC identity and key functions
iPVECs maintain their distinctive gene expression profile

Primary PVECs iPVECs

Immortalization-associated shifts enriched for cell cycle/ DNA PVEC vs ICVEC DEG set: iPVECs mirror PVEC profile and remain distinct

repair /maintenance from ICVEC

GSEA PVECs vs iPVECs
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Anton A et al. JHEP Reports 2025



Are there transcriptomic differences between patients
with and without PVT?



DEGs

PVECs transcriptomic differences in PVT

PVT
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Metabolism Of Angiotensinogen To Angiotensins -

I Hyaluronan Uptake And Degradationl-

HDL Remodeling -

Aryl Hydrocarbon Receptor Signaling -

NrCAM Interactions -

Neurofascin Interactions -

Insulin-like Growth Factor-2 mRNA Binding Proteins -
Degradation Of Extracellular Matrix

| |nfegr|n Cell Surtace Interactions
Caspase Activation Via Death Receptors In Presence Of Ligand -
Diseases Associated With Visual Transduction -

Platelet Adhesion To Exposed Collagen -

CASPS8 Activity Is Inhibited -
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RHOA GTPase Cyclel-
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I PVECs from patients with PVT present alterations in pathways and genes related with:

* ECM remodeling

* GTPase for cytoskeleton reorganization and vascular integrity
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PVECs undergo EndMT in PVT

GSEA PVT cv CH:
Main deregulated pathways

EPITHELIAL_MESENCHYMAL_TRANSITION @
SYNTHESIS_OF_DNA- ®
E2F_TARGETS- O
MITOTIC_PROMETAPHASE- )
BONE_DEVELOPMENT- ]
MYC_TARGETS_V1- ®
CELL_CYCLE_CHECKPOINTS- (@) S'g it
G2M_CHECKPOINT- @® O =
FOREBRAIN_DEVELOPMENT- ) Q w0
CELL_PART_MORPHOGENESIS- ‘ (s
G_PROTEIN_COUPLED_RECEPTOR_SIGNALING_PATHWAY - . pval
MULTICELLULAR_ORGANISMAL_HOMEOSTASIS-— @ 500075
LIPID_LOCALIZATION-— @ 000050
STEROID_METABOLIC_PROCESS-— @ 900025

REGULATION_OF_HORMONE_LEVELS-— @
SENSORY_PERCEPTION-— @)
INTERFERON_GAMMA_RESPONSE- @
NEUTROPHIL_CHEMOTAXIS- @
FOAM_CELL_DIFFERENTIATION- o
INTERFERON_ALPHA_RESPONSE-@

2 A 0 i
Normalized Enrichment Score

No alterations in hemostatic or coagulation factors were

detected



PVECs undergo EndMT in PVT

GSEA PVT cv CH:

Main deregulated pathways
EndMT

EPITHELIAL_MESENCHYMAL_TRANSITION @
SYNTHESIS_OF_DNA- ®
E2F_TARGETS- O
MITOTIC_PROMETAPHASE - Y
BONE_DEVELOPMENT- )
MYC_TARGETS_V1- o Markers qnd
CELL_CYCLE_CHECKPOINTS- o S'Zoe ” /_\ endothehal
G2M_CHECKPOINT- @® O = functions
FOREBRAIN_DEVELOPMENT- ) Q w0
CELL_PART_MORPHOGENESIS- O (s Endothelial cell A Mesenchymal Mesenchyma' cell
G_PROTEIN_COUPLED_RECEPTOR_SIGNALING_PATHWAY - () vl markers
MULTICELLULAR_ORGANISMAL_HOMEOSTASIS- (@) -
LIPID_LOCALIZATION-— @) 0.00050 Adhesion
STEROID_METABOLIC_PROCESS- @ 000025 lecules
REGULATION_OF_HORMONE_LEVELS- @) mo
SENSORY_PERCEPTION- @)
INTERFERON_GAMMA_RESPONSE- @ Production of
NEUTROPHIL_CHEMOTAXIS- ® ECM
FOAM_CELL_DIFFERENTIATION-
INTERFERON_ALPHA_RESPONSE-@ Cytoskeleton
LIRS T T reorganization

Normalized Enrichment Score

No alterations in hemostatic or coagulation factors were _ o
No universal definition

detected o ) )
Transitioning state with multi-step changes



PVECs undergo EndMT in PVT

GSEA PVT cv CH: EndMT-associated genes
Main deregulated pathways
EPITHELIAL_MESENCHYMAL_TRANSITIONI*-f~f‘-f'f — @ CT CH PVT
SYNTHESIS_OF_DNA L J Condition
E2F_TARGETS @ 3 NOS3
MITOTIC_PROMETAPHASE- | @ 2 j TIE1 EC
BONE_DEVELOPMENT-— @ 1 CLDN5
1 Y 0 ENG
MYC_TARGETS_V1 o ACVRLA
CELL_CYCLE_CHECKPOINTS-— — @ O w -1 SMAD2 TGFb
G2M_CHECKPOINT @ O 2 | SMAD3 pathway
FOREBRAIN_DEVELOPMENT o O = -3 gmngFz
CELL_PART_MORPHOGENESIS-— —v—-‘f () SERPINE1
G_PROTEIN_COUPLED_RECEPTOR_SIGNALING_PATHWAY-— @ — pal CD44
MULTICELLULAR_ORGANISMAL_HOMEOSTASIS-— @) —— — 5)‘:‘:13
LIPID_LOCALIZATION-— @ e 000050 MMP14 ECM
STEROID_METABOLIC_PROCESS-— @ ——— 9.00025 TNR
REGULATION_OF_HORMONE_LEVELS- @ | — ADAMTS12
SENSORY_PERCEPTION-— @) kﬁ:)(l\;l‘l_g
INTERFERON_GAMMA_RESPONSE- @ — EN1 MSC
NEUTROPHIL_CHEMOTAXIS- @ ———1 | SMTN
FOAM_CELL_DIFFERENTIATION- e GATA4
INTERFERON_ALPHA_RESPONSE -@ ZEB1 TF
S AL | ZEB2

Normalized Enrichment Score

I No alterations in hemostatic or coagulation factors were

detected



Portal vein during cirrhosis and PVT

Tunica intima eccentric
thickening

Endothelial Mesenchymal

- Portal vein

.~ ECM
- deposmon Rk

Anton A et al. Hepatology 2025



Use of animal models?

|
| Garystapesofthe diseasesare needed tostudy progression and causaliy

l

Unfeasible in humans



Rodent models of portal hypertension

CCl,

inhalation
Fenobarbital

\ ]
- Ly
= .‘/‘ 14 weeks  ——
— > =) E—

FFPE portal vein

PPVL-mice
model

Portal vein ligation using a needle Portal vein narrowing, FFPE portal vein
increasing portal pressure




H&E

Rodent portal hypertension models do not reproduce human

PV phenotype

mouse - Control mouse - PPVL

—_

—
= 3 SN
e~ Gl 4

Bep o N

SRS

I * Concentric remodeling with no tunica intima thickening = remodeling dominated by muscular hypertrophy




VE-cadh /aSMA

Movat Pentachrome

Rodent portal hypertension models do not reproduce human
PV phenotype

rat - CT rat - CH mouse - Control mouse - PPVL

Concentric remodeling with no tunica intima thickening = remodeling dominated by muscular hypertrophy
No EC proliferation nor mesenchymal cells in the tunica intima = no EndMT

No mucin or ECM accumulationinintima




Drug-repurposing analysis

Statins as potential disease modifiers in PVT

-
EL’j’-—-
pathway p-val
1 Atorvastatin 0.0054
2 Isoproterenol 0.0092
3 Fenofibrate 0.0150
4 Pravastatin 0.0163
5 Triamterene 0.0184
6 Azathioprine 0.0223
7 Nevirapine 0.0230
8 5-fluorouracil 0.0259
9 Methimazole 0.0280
10 Bortezomib 0.0301
[...]

24 Simvastatin 0.0819

In PVECs in vitro, Atorvastatin and Simvastatin are able to:

* Increase EC markers

In vitro
testing

Primary PVECs

* Reduce mesenchymal markers

No animal
model for
PVT

* Decrease the principal transcriptomic factors of EndMT

* Reduce adhesion molecules
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Triggers:

- STATINS e Mechanichal stress due to portal hypertension
&= e Cirrhosis-induced endothelial dysfunction
Hypertension and low shear stress ' En d MT PVT
> /_\A
~——p Transitioning

Mesenchymal
endothelial cell y

Loss of tight Immune cell

l High matrix Tunica intima

e stiffening hyperplasia
Activation of l \
° " - Rho and Rac

® o , | Cytoskeletal
@ ® @ Other cytokines reorganization
and growth factors

(IGFR IL-6...)

VCAM (smad) (Notch) (MAPK) EndMT v
f J __—
l \ Lose of EC markers

EndMT V-cadherin At CytoEi?lI: Qf(g?esrg?éﬁearﬁered
SNAIL1 genes ’ PECAM-1 Collagen Contractile
(NS N/ VvWF FSP1

END1 Pai1l, VCAM ECM production
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