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Causes of Portal Hypertension

Pre-hepatic

@ Portal vein thrombosis

@ Splenic vein thrombosis
@ Massivesplenomegaly

Hepatic

@ Presinusoidal
Schistosomiasis
Congenital hepatic fibrosis

@ Sinusoidal
Cirrhosis
Alcoholic hepatitis

@ Postsinusoidal
Hepatic sinusoidal obstruction

Posthepatic

@ BuddChiari syndrome
@ |nferior vena caval webs

@ Cardiac causes
Restrictive cardiomyopathy
Constrictive pericarditis
Severe congestive heart failure



Cirrhotic Liver

Increased hepatic resistance to blood flow

Splachnic

Portal Hypertension vasodilation/neo-
angiogenesis

Increased portal blood inflow



Increased Intrahepatic Resistance in Cirrhosis

Architectural Functional
disturbances alterations
Distortion of vascular architecture by Active contraction of hepatic stellate cells,
fibrosis, scarring, regenerative nodules. vascular smooth cells in the portal
Thrombosis venules andmyofibroblasts
Mechanical Component Dynamic Component
ocatAESREUD (modifiable by drugs)

~70 % ~30%



VasculaiNetwork inCirrhosis& Portal Hypertension

Portal VenousSystem SplanchnidArterial) Vasculature

B

Increasedntrahepaticresistance CollateralCirculation IncreasedSplanchnidnflow
- Sinusoidalasoconstriction - PHT GBleeding - Mesenteric vasodilation
- Mechanical compression: fibrosis - PortosystemicShunting

- ImpairedsinusoidaFlow, microthrombosis




Vasculatmplicationsof LiverCirrhosis

Systemic PortaHyperdynamic

Syndrome

TN Cirrhotic
Cardiomyopathy
A | | ]
) Splanchnic
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Peripheral
| Malperfusion




Sinusoidatemodeling the abnormalvasculamichein cirrhosis
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Sinusoidafemodeling the abnormalvasculamichein cirrhosis

Rosmordu@& HoussetSemLiv Dis 2010)



brotic Liver ECM
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Donor healthy human liver
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Mazza G et al, Nature Scientific Report 2015; Mazza G et al, Nature Scientific Report 2017
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Contractile Features of Activated HSC

Actionsof VasoactiveAgonistson HSC

ETF1
Thrombin
A-ll
SubstanceP Nitric Oxide
Adenosine Adrenomedullin
XA, LTs PAF CarbonMonoxide
Vasopressin ANP, CNP,
ElectricField cAMR cGMP

Kawada-et:al.; Biochem J::1992: 285:361

Pinzani'M ~et.all [Clin.lnvest1992:90:64646




Expression and Distribution of Fm® ET1 mRNA in Human Cirrhotic Liver

Pinzani M. et al., Gastroenterolo@996; 110:534548

Co-distribution with: FVIII -
positive cells: activated
sinusoidal endothelial cell

I Co-distribution with: a- SMA
positive cells: activated hepatic
stellate cells




Endothelial Dysfunction in Cirrhosis

Citrulline

L-Arginine

Sinusoidal
endothelial cell
wwrahepatic resistance
_
TLR4
v -
Endothelial dysfunction Kupffer cell

| J
Portal hypertension




Fibrogenesis and Portal Hypertension

Portal tract expansion and
fibrosis

PORTAL TRACT

pillarization of sinusoids

1.- Thickening of portal vein
branches

2.- Increased diameter of
hepatic artery branches

3.- ARTERIALIZATION

e.g. . chronic viral hepatitis,
autoimmune, PBC, PSC



Fibrogenesis and Angiogenesis in CLDs

Leptin, HCV proteins

FIBROGENESIS (Chronic  pgR|PORTAL FIBROSIS
Wound Healing) -

ARTERIALIZATION OF
SINUSOIDS ANGIOGENESIS

ShearJStress

CAPILLARIZATION OF
> SINUSOIDS

TISSUE HYPOXIA

v




Why progressive liver fibrosis Is associate with tissue hypoxia”

1.- Sinusoidal blood flow becomes
YZ2NBE by R - Y2NBE al NI S

2.- Liver tissue progressively adapts to a
higher PQ

3.- Caplillarization of - sinusoids impairg C
diffusion




Vasculatube formation by LSECand HSCo-culture

/H oculture
O EC Monoculture

Length of Vascular T
Tubes (arbitrary units) §

48h 72h 96h

Timelapse(D-G): closeappositionof LSE@ndHSCs
Coculturewith HSQeadsto stabilizationof LSE&@asculartube formation

SemelaD, Shah VQastroenterology008;135:671679)



Activated Stellate Cells Release-Bmgiogenic Cytokines in Human
Cirrhotic Liver

Nuclei Nuclei . SMA / VEGF

colocalization

o-SMA / Ang-1
colocalization

Nuclei Ve o-SMA / Flk-1

HSC / MFs

3

o-SMA / Ang-1
colocalization

Novo E et al. , Am J Pathol 20



Leptin Promotes the Prangiogenic Role of Human HSC
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Sinusoidatemodeling the abnormalvasculamichein cirrhosis
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Antiangiogenic Treatment with Sunitinib Ameliorates (HerxToLoGy 2007546:1919-1926.)
Inflammatory Infiltrate, Fibrosis, and Portal Pressure
in Cirrhotic Rats

Sonia Tugues,! Guillermo Fernandez-Varo,! Javier Munoz-Luque,! Josefa Ros,! Vicente Arrovo,? Juan Rodés,?
Scott L. Friedman,? Peter Carmeliet,*® Wladimiro Jimenez,! and Manuel Morales-Ruiz!

Sunitinib
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Targetingmultiple angiogenigathways TyrosinKinasdanhibitors

Beneficial Effects of [Sorafenib]on Splanchnic,

Intrahepatic, and Portocollateral Circulations in Portal
Hypertensive and Cirrhotic Rats

Marc Mejias,! Ester Garcia-Pras,! Carolina Tiani,' Rosa Miquel,* Jaime Bosch,! and Mercedes Fernandez!

Sorafenib|attenuates the portal hypertensive syndrome in partial
portal vein ligated rats™

Thomas Reiberger', Bernhard Angermayr', Philipp Schwabl', Natascha Rohr-Udilova'.
Markus Mitterhauser’, Alfred Gangll, Markus Peck—Radosavljevicl‘*

Sorafenib |targets dysreqgulated Rho kinase

expression and portal hypertension in rats with
secondary biliary cirrhosis

M Hennenberg, ] Trebicka, C Stark, AZ Kohistani, | Heller and T Sauerbruch

Antiangiogenic Treatment with [Sunitinib|Ameliorates
Inflammatory Infiltrate, Fibrosis, and Portal Pressure
in Cirrhotic Rats

Sonia Tugues,! Guillermo Fernandez-Varo,! Javier Muoz-Luque,! Josefa Ros,! Vicente Arroyo,? Juan Rodés,?
Scott L. Friedman 3 Peter Carmeliet,*> Wladimiro Jiménez,' and Manuel Morales-Ruiz'




SorafenibandPortal Hypertension: First in humatudy
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Pinter M, Sieghart W, ReibergerErlitschA, PeckRadosavljevic M (APT 2012)



Sinusoidalmmunology
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Intestinal Permeability and the Activation of the Auver Innate Immunity

Damaged /Apoptotic Hepatocytes Activated Hepatic
Stellate Cells/MFs

DamageAssociated Molecu[ar

PatternsdDAMPE 0 A @S &

hepatocyte DNA) Increased
Collagen |
symthesis

Increased®Rrdibrogenic((TGF
b) and fReeinflammatory ((1:6,
MCR1) action

Chronic Liver Disease

IncreasedPathogerAssociated

——> Molecular PatterngPAMPE -6 A ®Sd [t {0
in the portal circulation
(proportional to disease stage

Changes in Microbiota
Bacterial Overgrowth

Decreased Bile Acids
Mucosal Injury (ETOH)

Mesenteric Vein Congestion

Immunosuppression

Obesity/Overweight =3
High Fat Diet e

Brun P., et al., Am:J Physiol Gastrointest Liver Physiol 2005; 28935381
Brun P., et al., Am:J Physiol Gastrointest Liver Physiol 2007; 29235258

Seki E and Brenner'DA. Hepatology 2008; 483352
Seki'E; et alNat Med. 2007; 13:1324332
WatanabeA, et al. Hepatology2007; 46:1509;1518

PinzaniM andMaciasBarraganl. ExperRevGastroenterologyand Hepatology2010



Intestinalintegrity and sinusoidaimmunothrombosis
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PilsczeKJImmunol2010): Anovel mechanism of rapid nuclear neutrophil extracellular trap formation in response to Staphyloeoceus.
Clark (Nat Med 2007): Platel&iLR4 activates neutrophil extracellular traps to ensnare bacteria in sepbod.

Ma (JThrombHaemost2008): Plateleteind neutrophils interact to create bacterial trapssepsis.

Lee (Natmmunol 2010): Anintravascular immune response tBorreliaburgdorferiinvolvesKupffer cells andiNKTcells



Portal Hypertension in the Naturklstory of Chronic Livdbisease

' G O N N

<10mmHg : >10mmHg : >10mmHdl [ >12mmHg [ >16 mmHg >20mm
No Varices 0 No Varices 0 Varices | Varices, Bleeding Ascites Refractory Asci
\------ _________--------------I
HVPG =5

Sympathetic Nervous System Act’ivity ><

o
RAAS Activity \ Cardiac Reserve

Gut Bacterial Translocation Blood Pressire

Mortality

Disease Progression

Modified from Krag(Gut 2010)



Compensated Cirrhosis a Clinical Stage with Very Limited Diagnhostic Reso
@58 QzAYL.{JS,yan—};Qtage 3
908y ¢ l l

Death or
OLT
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First non

SEPSIS
Renal
Failure

bleeding
decompensatio

5 Stage 5

Varices
No Ascites

Stage 2
Detection of Clinically Significant

Second
decompensatio

Portal Hypertension (CSPH) in '

Decompensated

compensated cirrhosis Cirrhosis



Non Invasive Evaluation of Liver Tissue Fibrosis (Staging

Imaging: US, TURI

ElastographyHibroScan,
MRE, ARFI, Supersonic
etc.)

> HVPG

Liver Biopsy: 1:50,000 of liver tissue



Assessment of Portal Hypertension: Reference Standards

Indicatedon first diagnosis of
cirrhosis
BavenoV consensugsonference

UpperGlendoscopy

Besttechnigueto identify gastroesophageal
HVPG varices ¢onsequencesf PH



