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dynamics and phenotypes
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Evidences of systemic inflammation in cirrhosis 
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Pro-inflammatory 
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* Intensity of the abnormalities correlates with the severity of cirrhosis
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ascites
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with ascites

(n=71)

Normal 

LBP

(n=41)

High 

LBP

(n=30)

Endotoxin 

(EU/ml)
0.29 ± 0.04 0.34 ± 0.03 0.37 ± 0.03 0.68 ± 0.06*

sCD14

(ng/ml)
1384 ± 138 1498 ± 132 1552 ± 98 2676 ± 104*

TNF-a

(pg/ml)
1.74 ± 0.4 3.81± 0.3* 5.34 ± 0.4* 8.5 ± 0.5*

IL-6

(pg/ml)
3.1 ± 0.5 11.2 ± 0.9* 16.3 ± 1.5* 31.6 ± 1.6*

sTNF-RI

(pg/ml)
818 ± 56 1158 ± 68 1510 ± 88* 2442 ± 354*

A Albillos et al. Hepatology 2003

The intensity of systemic inflammation parallels

cirrhosis progression

* P<0.01 vs. controls

J Trebicka et al. Front Immunol 2019

Heat-map of systemic inflamation biomarkers in 

patients with cirrhosis and acute decompensation
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Enteric bacterial products drive low-grade systemic inflammation

in decompensated cirrhosis: Role of activated monocytes
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Density curves of events

1071 patients with cirrhosis with acute decompensation (w/o organ failure)

Follow-up 3 months and 1 year after the event 

Density curves of 

LTx/death

C-reactive protein
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Pre-ACLF
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decompensation
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J Trebicka et al. JHEP 2020

Acute decompensation in cirrhosis: three clinical courses

PREDICT study
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Relationship between ACLF and 

inflammatory markers

High-grade systemic inflammation in ACLF:

relationship with the number of organ failures (ACLF grade) 

J Claria et al. Hepatology 2017
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Renal dysfunction is associated with

markers of systemic inflammation in ACLF

Normal plasma renin concentration

in 15% of AKI in ACLF

Plasma 

renin concentration

• Non-AKI

• AKI

Interleukin-8

J Claria et al. Hepatology 2017

Relationship between

ACLF grade and response to terlipressin in HRS

S Piano et al. CGH 2019

Relationship between

plasma renin concentration and IL-8

in AKI of ACLF
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R Moreau et al. JHEP 2020

A distinctive blood metabolite fingerprint in ACLF 

uncovers inflammation-associated mitochondrial dysfunction

ACLF metabolome fingerprint

137

metabolites

38 metabolites

Blood

fingerprint

Intensity of 

metabolome fingerprint

- Intensity correlated with 

systemic inflammation 

biomarkers

- Fingerprint similar 

across ACLF phenotypes
↓ mitochondrial oxidative phosphorilation

(OXPHOS): ↓ATP, ↓FA-ox

↑ aerobic glycolysis: ↓ ATP, ↑lactate

↑ lypolisys and proteolysis
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Portal hypertension, circulatory dysfunction and systemic inflammation 

as drivers of cirrhosis progression
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Cirrhosis-associated immune dysfunction (CAID):

dynamics and phenotypes

A Albillos, R Martin et al. NRGH 2021



Monocytes

T- cells

TLR

+

↑Pro-inflammatory Cytokines

TNF⍺, IL-8, IL-6, IL-1β

↑Anti-inflammatory Cytokines

IL-10

+

Neutrophils

↑ CXCR1/2

↓ HLA-DR expression

↑ MERTK

↓ antigen presenting capacity

↓ TNF⍺ production by LPS
↓ IL-1, IL-6, IL-8 and IL-12

Defective oxidative burst 

Impaired phagocytic activity 
↓ chemotaxis

↑ respiratory burst      ↑ ↑ ROS release

↑IL-10

-

↑ PD-1

↑ TIM-3

↓ IFN-g

↑ immune inhibitory receptors Hyperammonemia

Hyponatremia

PGE2

Neutrophil activation 

and recruitment

Peripheral innate 

immune cell

↑IL-10

↓ IFN-g

PAMPs

DAMPs

LPS

NLR

Dysfunctional immune response in ACLF

High-grade systemic inflammation Immune cell paralysis

R Martin et al. Front Immunol 2020

Mechanisms

— Exhaustion of immune system cells

— Excessive immunosuppressive response

to counteract systemic inflammation

— Reprogramming of immune system cells by energetic

imbalance and metabolic abnormalities of cirrhosis



HLA-DR
TNFa production

with LPS stimulation

MERTK+ LPS induced TNFa 

negatively correlates with 

MERTK+

MERTK+ 

correlates with prognosis

“Immunoparesis” of monocytes from patients with ACLF: 

relationship with increased monocytes expressing the tyrosine kinase receptor, MERTK

IL-10 positive

monocytes

HE Wasmuth et al. JHEP 2005

A O’Brien et al. Nat Med 2014

C Bernsmeier et al. Gastroenterology 2015

H Korf et al. Gut 2020



Reduced phagocytosis

after E coli challenge

Reduced TNFa in 

CD14+CD16- monocytes

from healthy donors

Blocking glutamine synthetase restores

phagocytosis, ↓ IL-10  and ↑TNFa production …

… and fuels TCA cycle

in monocytes

H Korf et al. Gut 2019

Pharmacological regulation of metabolic programs partially

restores dysfunction of monocytes in ACLF 



Phagocytic capacity of normal neutrophils after

incubation with control or patient plasma

R Mookerjee et al. Hepatology 2007

G Tritto et al. JHEP 2011

Neutrophil phagocytic capacity according 

to the severity of liver disease

Expression of TLR4 by incubation of 

neutrophils with plasma

Reversal of impaired phagocytosis 

after incubation of neutrophils 

with endotoxin removed plasma

Plasma from patients with cirrhosis

induces phagocytic dysfunction in normal neutrophils



Increased LPS PBMC 

producing IL-10

Decreased LPS PBMC 

producing INF-g
Reduced neutrophil

phagocytosis

Higher PD1

expression on T cells

Higher TIM-3 (and PDL1)

expression on T cells

Antibodies against

PD1 and TIM3 …

… restored production of INF-g by T-cells

… reduced IL-10 producing T-cells

… increased neutrophil antimicrobial activity

LJL Markwick et al. Gastroenterology 2015

20 patients with AAH

16 patients with advanced alcoholic cirrhosis

12 healthy controls

Blockade of PD1 and TIM3 restores adaptative and innate immunity

in acute alcoholic hepatitis

− Increased LPS in plasma caused over expression of PD1 

and TIM3 via TLR4 binding to CD14+ monocytes



M Lario et al JHEP 2013

Abnormalities of the

peripheral blood T helper-cell compartment in cirrhosis



Modulation of cirrhosis-associated immune dysfunction
Reversibility of the functional impairment of immune system cells in ACLF    

Target

Mechanism

• Therapy

Gut bacterial

translocation

↓Endotoxin, 

↓ priming

• Poorly abs antibiotics

• FMT

Trials

• CARBALIVE

• Probiotics/Rifaximin

Circulating

humoral factors

Endotoxin, 

PGE2, DAMPS

• Albumin

Trials

• DIALIVE

• TAK242

Inmuno-

metabolism

Cellular bioenergetics

Ammonia

• Various for ammonia

Experimental

• GLS inhibition

• GLUL inhibition

Immune cell

signalling

Neut: AKT-p38 MAPK

Monoc: ↑MERKT

Experimental

• TLR7/8 agoni, CL097

• MERKT inh UNC569

• PD1 and TIM-3 inh

A Albillos, R Martin et al. NRGH 2021



Cirrhosis-associated 

immune dysfunction (CAID)

• Low-grade SI (systemic inflammation) phenotype:
- increased expression of surface activation antigens in circulating immune cells

- increased production of pro-inflammatory cytokines

- subtle compromise of the effector immune response

• Progression to the decompensated state:
- mechanisms of CAID more pronounced → persistent bacterial challenge →

- → impairment of the effector immune response

- incidental events → worsening of the systemic circulatory dysfunction

• High-grade SI phenotype:
- High-grade SI → multi-organ failure

- plus compensatory anti-inflammatory response and exhaustion of effector

immune cells → severe immunodeficiency
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