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Liver Cirrhosis: A Chronic Inflammatory Disease
The development of liver fibrosis and cirrhosis is a relatively 

uniform response to heterogeneous drivers of chronic hepatic in-
flammation such as chronic viral hepatitis, excessive alcohol expo-
sure, metabolic stress, or autoimmune responses against liver anti-
gens [1]. Key elements of liver fibrogenesis include activation of 
hepatic stellate cells, matrix deposition and scarring, neoangiogen-
esis, and activation of local immune cells like macrophages [1]. 
These processes result in progressive portal hypertension, stress 
and death of parenchymal and non-parenchymal liver cells, pro-
duction of chemokines, cytokines, growth factors, reactive oxygen 
species (ROS), and activation of local and further recruitment of 
circulating immune cells, such as Ly-6C+ macrophages [1, 2]. The 
production of such inflammatory mediators and – importantly – 
the release of so-called damage-associated molecular patterns 
(DAMPs), such as high-mobility group protein B1 (HMGB1), his-
tones, ATP, or urate from dying cells, are capable of transforming 
local hepatic inflammation to a systemic inflammatory response. 
This is characterized by increased serum levels of inflammatory 
mediators and activation of innate and adaptive immune cells in 
the circulation, in lymphoid organs, and in extrahepatic tissues [3]. 
Hence, liver cirrhosis is not only a result of dysregulated hepatic 
immune responses but also a driver of local and systemic inflam-
mation, which is further amplified by cardinal features of liver cir-
rhosis, namely portal hypertension, tissue hypoxia in the intestines, 
liver or kidneys, intestinal dysbiosis, and bacterial translocation.

Besides the liver, the intestines play a key role in the pathogene-
sis of cirrhosis-associated inflammation. Portal hypertension leads 
to an intestinal edema characterized by tissue hypoxia and dilata-
tion of the intercellular epithelial spaces [4]. Furthermore, liver cir-
rhosis is associated with local intestinal inflammation as well as 
suppression of important mediators of mucosal defense against 
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Summary
Background: Increasing evidence reveals a close and re-
ciprocal link between acute-on-chronic liver failure 
(ACLF) and immunodysfunction. Methods: A literature 
search in PubMed and abstract databases of relevant 
congresses was performed. Results: Important charac-
teristics of liver cirrhosis like tissue hypoxia, cell death, 
or bacterial translocation maintain a state of chronic in-
flammation. Precipitating events of ACLF such as infec-
tions or alcoholic hepatitis are capable of strongly aug-
menting cirrhosis-associated systemic inflammation to 
grades sufficient to induce ACLF-defining organ failures. 
Chronic systemic inflammation, however, is causally 
linked to profound immunosuppression. As a conse-
quence, patients with liver cirrhosis and in particular 
with ACLF are at high risk for severe infections. Promis-
ing strategies to ameliorate immunodysfunction, like al-
bumin substitution, administration of recombinant inter-
leukin-22 or granulocyte colony-stimulating factor, anti-
biotic prophylaxis, or anticoagulation, are under devel-
opment and offer the chance to specifically prevent and 
treat ACLF. Conclusion: A better understanding of the 
immunopathology of ACLF will likely translate into the 
implementation of specific therapeutic modalities to pre-
vent and overcome ACLF.
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pathogens. Both in humans with liver cirrhosis and in animal mod-
els, increased expression of proinflammatory cytokines, such as 
tumor necrosis factor(TNF)-α, interferon(IFN)-γ, or interleukin(IL)-1, 
as well as increased frequencies and activation status of immune 
cells in the intestinal wall have been identified [5]. Inflammatory 
mediators such as TNF-α directly affect the integrity of the intesti-
nal barrier by downregulating tight junction proteins and antimi-
crobial lectins like antimicrobial-regenerating islet-derived protein 
3 gamma [6]. Hence, liver-cirrhosis intestinal inflammation, to-
gether with portal hypertension, increases the intestinal permeabil-
ity as a prerequisite for efficient intestinal bacterial translocation. 
Intestinal dysbiosis is another important feature of liver cirrhosis 
and acute-on-chronic liver failure (ACLF) [7, 8]. Patients with liver 
cirrhosis harbor a less diverse microbiome than healthy individu-
als, the composition of the intestinal microbiome is shifted from 
beneficial (e.g. Bifidobacterium spp.) to potentially pathogenic (e.g. 
Enterococcus spp. or Veillonellaceae spp.) species, and the upper 
gastrointestinal tract harbors higher quantities of bacteria (i.e. 
small intestinal bacterial overgrowth) compared to healthy indi-
viduals [5, 7, 8]. Cirrhosis-associated intestinal dysbiosis is a conse-
quence of a variety of factors including impaired intestinal motil-
ity, a dysregulated mucosal immune system with reduced secretion 
of antimicrobial proteins, low gastric acidity (in particular in pa-
tients on proton pump inhibitors), and altered composition of bile 
salts reaching the intestines [5].

As a consequence of intestinal dysbiosis and increased intestinal 
permeability, intestinal translocation of bacteria and of bacterial 
products (so-called pathogen-associated molecular patterns 
(PAMPs)) like lipopolysaccharide (LPS), flagellin, or peptidogly-
cans to the mesenteric lymph nodes as well as portal and systemic 
circulation occurs [9]. Bacterial translocation increases with sever-
ity of liver cirrhosis and is highest in patients with ACLF [10]. Bac-
terial translocation further exacerbates hepatic and systemic in-
flammation by stimulation of immune cells in the circulation, in 
lymphatic tissues, and in the liver; however, it also represents a 
source of life-threatening infections such as spontaneous bacterial 
peritonitis (SBP) [9]. Beyond the key phenomenon of bacterial 
translocation, intestinal dysbiosis is also associated with an altered 
bacterial metabolome, which can be protective (e.g. production of 
butyrate by Ruminococcaceae) but also pathogenic, e.g. by contrib-
uting to the development of hepatic encephalopathy, although ad-
ditional research is needed to fully understand the impact of the 
bacterial metabolome in liver cirrhosis and ACLF [7, 8]. Of note, 
intestinal dysbiosis, inflammation and permeability are particularly 
pronounced in patients with ongoing alcoholism, because ethanol 
and its metabolite acetaldehyde strongly impact on mucosal immu-
nology and the intestinal microbiome [11].

Exacerbation of Systemic Inflammation during Progression to ACLF
The above-described mechanisms lead to a chronic, low-grade 

systemic inflammation already in patients with compensated liver 
cirrhosis. Patients with acute decompensation of liver cirrhosis 
show significantly higher grades of inflammation; however, the 
highest levels of systemic inflammation were consistently observed 

in patients with ACLF [12, 13]. ACLF can be triggered by partially 
well-defined precipitating events such as infections, alcoholic hep-
atitis, reactivation of hepatitis B, superinfections with hepatitis E 
virus, or hepatotoxic drugs [13, 14]. These precipitating events are 
capable of strongly augmenting cirrhosis-associated systemic in-
flammation, which may result in an overwhelming production of 
ROS, cytokines, chemokines, growth factors, proteases, eicosa-
noids, and activation of innate and adaptive immune cells. The de-
gree of systemic inflammation is reflected by an increase of white 
blood cell (WBC) count and C-reactive protein (CRP), which pre-
dict progression of acute decompensation to ACLF and mortality 
from ACLF, as well as by a number of proinflammatory cytokines 
such as TNF-α, IL-6, or IL-8 [12]. However, it is important to note 
that the serum concentrations of some other proinflammatory cy-
tokines like IFN-α, IFN-γ, IL-17A, or IL-7 were higher in patients 
with decompensated cirrhosis compared to healthy controls but 
that no further increase has been observed in patients with ACLF 
or with progression to ACLF [12]. These findings indicate that a 
more comprehensive description of inflammatory phenotypes in 
patients with or without ACLF may be warranted.

Immunosuppression Coexists with Systemic Inflammation
As described above, augmented systemic inflammation is 

strongly associated with ACLF. However, it is highly relevant to ac-
knowledge that liver cirrhosis is not only associated with systemic 
inflammation but also with profound immunosuppression. In par-
allel to an increased production of proinflammatory cytokines like 
IL-6 or TNF-α, serum concentrations of anti-inflammatory cy-
tokines like IL-10 or IL-1ra are progressively increasing from com-
pensated to decompensated cirrhosis, in particular with progres-
sion to ACLF [12]. In addition, liver cirrhosis is associated with 
profound alterations of cellular immune responses. For example, 
monocytes of patients with liver cirrhosis are increased in fre-
quency and activated phenotype, but they do not sufficiently re-
spond to further stimulation with LPS, a phenomenon called LPS 
tolerance [3]. In patients with ACLF, there is high frequency of pe-
ripheral blood monocytes expressing the tyrosine-protein kinase 
Mer (encoded by MERTK), which suppresses antibacterial mono-
cyte functions [15]. These regulatory monocytes occur in parallel 
to the storm of proinflammatory cytokines, indicating that the pro-
found inflammation of ACLF does not result in effective antibacte-
rial immune responses [15]. Relevant changes in the adaptive im-
mune cell compartment have been described as well. Patients with 
liver cirrhosis have lower frequencies of naïve CD4+ and CD8+ T 
cells and of memory B cells, whereas frequencies of activated T 
cells with inappropriate functional properties are increased [3]. 
Yet, a more detailed understanding of adaptive immunity in ACLF 
is warranted. Finally, liver cirrhosis is associated with a reduced ca-
pacity of the liver to exert its proprietary immune functions, in-
cluding clearance of intestinal and systemic pathogens, antigen 
presentation, or production of acute-phase and complement pro-
teins [16].

In principle, upregulation of anti-inflammatory cytokines, in-
hibitory molecules like tyrosine-protein kinase Mer and other im-
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mune checkpoints, and expansion of immunoregulatory cell popu-
lations is an inclusive feature of normal immune responses aiming 
to limit collateral damage of inflammation, an adequate resolution 
of inflammation, and tissue repair [17]. Failure of adequate resolu-
tion of inflammation, partially due to continuous exposure to 
DAMPs and PAMPs in liver cirrhosis and ACLF, therefore ulti-
mately results in immunodysfunction, i.e., a parallel prolonged 
state of systemic inflammation and immunosuppression (fig. 1).

Clinical Consequences of Immunodysfunction

Inflammation as a Driver of Organ Failures
Already low-grade systemic inflammation in compensated or 

stable decompensated liver cirrhosis is considered to cause or aug-
ment relevant clinical signs and symptoms like hyperdynamic cir-
culation, fatigue, or (minimal) hepatic encephalopathy (HE). In 
rat models of liver cirrhosis, endotoxin-induced TNF-α reduces 
cardiac contractility and increases arterial vasodilatation by induc-
ing nitric oxide production, which can be ameliorated by selective 
bowel decontamination [18, 19]. Higher grades of systemic in-
flammation in ACLF are strongly associated with – and likely 
causally linked to – organ failures, which constitute the discrimi-
native characteristic of ACLF versus acutely decompensated cir-
rhosis [12]. For example, clinical association studies have shown 
that TNF-α serum levels correlate with progression to and severity 
of HE in patients with liver failure, and microglia activation is a 

typical finding in HE [20, 21]. In animal models of liver cirrhosis, 
cerebral recruitment of monocytes, which produce TNF-α, as well 
as endotoxemia-induced brain edema and inflammation have 
been documented [20, 22]. Increasing evidence suggests that sys-
temic inflammation also promotes renal failure; this is an impor-
tant notion because the kidneys appear to be particularly sensitive 
for the systemic alterations associated with advanced liver cirrho-
sis. Hepatorenal syndrome (HRS) has been considered to be con-
sequence of circulation alterations, i.e. peripheral arterial vasodila-
tation and impaired cardiac output. However, recent studies sug-
gest that systemic inflammation does not only promote renal fail-
ure via impacting on hemodynamics but also by direct effects of 
inflammatory mediators and PAMPs on renal parenchymal and 
non-parenchymal cells [23]. Serum and ascites concentrations of 
IL-6 and TNF-α are highly predictive for the development of HRS 
in patients with spontaneous bacterial peritonitis [24]. In sepsis, 
the concept that PAMPs and DAMPs activate tubular cells and 
non-parenchymal kidney cells, resulting in renal failure in the ab-
sence of sufficient hemodynamic alterations, is already well-estab-
lished [25]. Research in the field of sepsis and trauma also clearly 
shows that high-grade inflammation promotes severe organ fail-
ures like respiratory failure, kidney failure, or intestinal failure by 
activation of the coagulation cascade with formation of micro-
thrombi, capillary leakage and micro-vasodilatation, endothelial 
dysfunction, and mitochondrial dysfunction. Altogether, this re-
sults in a deprivation of tissues from oxygen and energy and sub-
sequent cell death [25].

Fig. 1. Causes and consequences of liver  
cirrhosis-associated systemic inflammation. 
DAMPs = Damage-associated molecular patterns; 
LSECs = liver sinusoidal endothelial cells;  
PAMPs = pathogen-associated molecular patterns.
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Immunosuppression and Risk of Infections
Due to the above-described features of profound immunosup-

pression, patients with liver cirrhosis and in particular patients 
with ACLF are at high risk of developing infections as well as ad-
verse outcomes of infections [26, 27]. In the CANONIC study, 
37.3% of patients with ACLF (vs. 25.1% without ACLF) had infec-
tions at baseline, including SBP in 9.8%, urinary tract infections in 
6%, pneumonia in 7.7%, skin and soft tissue infections in 2.9%, and 
Candida infections in 3.9% of cases [26]. Patients with ACLF with-
out infection at baseline developed infections during follow-up in 
46% of cases, compared to 18% of patients with decompensated 
cirrhosis. Furthermore, infections are a frequent precipitating 
event of ACLF [26]. Hence, infections are both causes and compli-
cations of ACLF. A more detailed description on the management 
of infections in ACLF is described by Engelmann and Berg [28] in 
this issue.

Biomarkers of Immunodysfunction

There is a strong, progressive increase of IL-6 and IL-10 serum 
concentrations according to the stage of liver cirrhosis, namely from 
compensated to decompensated liver cirrhosis and – most inten-
sively – to ACLF. The predictive value of IL-6 appears to be higher 
than that of CRP or WBC [29]. However, it is important to note that 
IL-6 serum concentrations in acutely decompensated liver cirrhosis 
and in ACLF correlate very well with serum concentrations of IL-10 
[12]. Hence, increased IL-6 serum levels do not purely reflect a pro-
inflammatory state but also indirectly the above-described immu-
nosuppressive phenotype of liver cirrhosis. Macrophage activation 
markers, i.e. soluble CD163 and soluble mannose receptor, could be 
useful diagnostic parameters as they are strongly associated and ac-
curately predict development, grade, and poor outcome of ACLF 
[30], as well as other complications of liver cirrhosis such as variceal 
bleeding [31]. In addition, tyrosine-protein kinase Mer expression 
on monocytes might be considered as a marker of the immunosup-
pressive phenotype of ACLF [15]. Furthermore, cell death markers 
such as caspase-cleaved keratin 18, keratin 18, and M30- or M65-
antigen are (causally) associated with systemic inflammation, and 
appear to add prognostic information on the risk of progression 
from acute decompensation to ACLF [32].

In addition to well-performing clinical scores such as CLIF-C 
scores, the above-described biomarkers may be of value to more 
accurately predict development and severity of ACLF. However, a 
major medical need would be a biomarker allowing reliable dis-
crimination of sterile systemic inflammation from infections or 
sepsis in patients with liver cirrhosis, which can be highly challeng-
ing or impossible. As a consequence, empirical administration of 
broad-spectrum antibiotics is often performed in clinical practice, 
which bears a substantial risk of drug toxicity, of selecting drug-
resistant organisms, or of promoting fungal infections. CRP and 
blood leukocytes are not of value to discriminate infections from 
sterile inflammation in liver cirrhosis/ACLF. Serum cytokine pat-
terns show a distinct pattern for alcoholic and infection-triggered 

ACLF, but these differences are not sufficient for diagnostic pur-
poses due to a significant overlap [12]. In contrast, procalcitonin 
may help to guide clinical decision making in certain cases. For ex-
ample, a study in patients with severe alcoholic hepatitis has shown 
that procalcitonin serum concentrations above 0.45 ng/ml are fre-
quently associated with the presence of infections (83.3%) [33]. 
However, a relevant proportion of 29% of patients with procalci-
tonin concentrations below 0.45 ng/ml had infections in this study, 
showing that the identification of additional, more reliable bio-
markers of infections in patients with liver cirrhosis is warranted.

Therapeutic Strategies to Target  
Immunodysfunction for the Treatment or  
Prevention of ACLF

As described above, there is a strong association between immu-
nodysfunction, i.e. systemic inflammation and immunosuppres-
sion, and ACLF. These data from clinical association studies, ani-
mal models of liver cirrhosis (no animal model of ACLF is availa-
ble), and extensive research in the field of sepsis, which shares 
pathophysiological features with ACLF, suggest a causal relation-
ship between immunodysfunction and development of organ fail-
ures, i.e. ACLF. With respect to the development of specific thera-
pies to prevent and treat ACLF, it is important, however, to keep in 
mind the hypothetical nature of this assumption. Indeed, treatment 
of systemic inflammation of severe alcoholic hepatitis with gluco-
corticoids only results in a marginal survival benefit and is associ-
ated with an increased risk of subsequent infections [34]. Further-
more, trials have failed to show a benefit of anti-TNF-α therapy in 
alcoholic hepatitis, which might be explained by an increased risk of 
infection or by a negative impact on liver regeneration (TNF-α and 
IL-6 are mandatory for liver regeneration in several models) [35]. 
Nevertheless, a number of interesting therapeutic strategies are 
under investigation, as described in the following and in table 1.

Prophylactic Antibiotics
Primary prophylaxis in patients at higher risk and secondary 

antibiotic prophylaxis of SBP are well-established measures which 
significantly reduce the risk of SBP and subsequent complications, 
including – plausibly – ACLF and – eventually – death. Prelimi-
nary and partially conflicting data suggest that rifaximin may not 
only reduce the incidence of HE but also improve hemodynamics, 
systemic inflammation, and complications like HRS in patients 
with advanced liver cirrhosis [36]. Recently, a large (n = 291) ran-
domized study compared prophylactic norfloxacin (400 mg daily) 
versus placebo for 6 months in patients with Child-Pugh class C 
cirrhosis [37]. Preliminary results show that mortality at 6 months 
was higher in the placebo group (24.5%) than in the norfloxacin 
group (15.3%). Furthermore, the rate of infections was reduced by 
norfloxacin prophylaxis (20.8 vs. 31.3%). Hence, it is likely that the 
concept of antibiotic prophylaxis in patients with liver cirrhosis 
will be extended beyond SBP in order to reduce infections and sub-
sequent development of ACLF.
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G-CSF
In animal models, granulocyte-colony stimulating factor (G-

CSF) improves liver regeneration via mobilization of bone mar-
row-derived stem cells and expansion of hepatic progenitor cells, 
and ameliorates immune function of leukocytes. Preliminary data 
suggest that G-CSF therapy might improve outcomes of ACLF. A 
randomized trial assessed repetitive subcutaneous injections of 5 
μg/kg G-CSF for 1 month (n = 23) or placebo (n = 24) in patients 
with ACLF [38]. Survival was significantly higher in the G-CSF 
group (66 vs. 26%). Another randomized trial in patients with 
ACLF and chronic hepatitis B achieved comparable results (48 vs. 
21.4% survival at day 90) [39]. Currently, a large German trial eval-
uating G-CSF in ACLF is ongoing (Graft study).

Human Albumin
Human albumin is an established agent for the treatment of 

HRS as well as for the prevention of HRS in patients requiring 
large-volume paracentesis or in those with SBP. Beyond its oncotic 
properties, which improve hemodynamics, beneficial immune-
modulatory effects of albumin are increasingly being recognized 
[40]. Albumin has a remarkable capacity of binding inflammatory 
mediators such as lipid mediators (prostaglandin E2 is of particular 
importance), ROS, PAMPs and DAMPs, or cytokines [40, 41]. In 
addition, albumin may modulate immune reactions by directly act-
ing on endothelial and immune cells. Hence, albumin is currently 

being investigated in settings beyond the above-mentioned indica-
tions. The Italian ANSWER trial assessed weekly administration of 
albumin plus diuretics for 18 months compared to diuretics alone 
in patients with liver cirrhosis and ascites. In the albumin group, 
significantly lower rates of death, paracentesis, refractory ascites, 
SBP and other infections, or renal failure were observed [42]. In 
contrast, albumin substitution in patients with liver cirrhosis and 
other infections than SBP did not improve outcome [43, 44]. Ad-
ditional trials assessing the impact of albumin on nosocomial in-
fections and the development of ACLF are underway [40].

Interleukin-22
IL-22 is a member of the IL-10 cytokine family acting on a 

transmembrane receptor complex consisting of the two subunits 
IL-22R1 and IL-10R2, which are only expressed on non-immune 
cells such as hepatocytes, kidney cells, keratinocytes, or epithelial 
cells of the intestinal or respiratory tract [45]. Of note, IL-22 signal-
ing can be prevented by the soluble IL-22 binding protein (IL-
22BP) [46]. IL-22 signaling is considered to be protective in 
chronic liver disease, as it strengthens the intestinal cellular barrier, 
promotes intestinal immune responses via induction of antimicro-
bial proteins, and promotes liver regeneration in vitro as well as in 
animal models [45]. Consequently, intravenous IL-22 is currently 
being evaluated in a clinical trial in patients with alcoholic hepatitis 
(NCT02655510). However, it is important to note that high serum 

Postulated mechanisms Evidence

Non-selective  
beta-blockers  
[47]

improvement of hemodynamics,  
reduction of bacterial translocation

high, but uncertainties with respect to 
adverse effects in specific patient groups 
(details in [51])

IL-22 improvement of intestinal barriers,  
supports liver regeneration

proof-of-principle trials are underway

G-CSF improvement of liver regeneration and 
immunodysfunction

survival benefit in smaller trials, large 
confirmatory trials are ongoing

Anticoagulation 
(enoxaparin  
and others) [48]

improvement of microcirculation in  
intestines and liver, reduction of  
bacterial translocation

promising data which require confirma-
tion, additional trials are underway  
(details in [52])

Antibiotic  
prophylaxis

reduction of bacterial translocation,  
prevention of infection, possibly direct  
inhibition of inflammation

high, but selection of drug-resistant  
organisms may occur

Obeticholic acid  
[49]

improvement of intestinal dysbiosis,  
inflammation, and barrier function

mainly from animal models; currently, 
safety concerns in patients with decom-
pensated cirrhosis are examined

Albumin improvement of hemodynamics,  
immune modulation

high for the prevention of HRS and  
infections

Plasma exchange  
[50]

removal of PAMPs, DAMPs, cytokines, 
etc. from the circulation

preliminary and heterogeneous studies, 
further confirmation of survival benefit 
required

IL = Interleukin; G-CSF = granulocyte colony-stimulating factor; DAMPs = damage-associated molecular 
patterns; PAMPs = pathogen-associated molecular patterns; HRS = hepatorenal syndrome.

Table 1. Therapeutic strategies that target  
immunodysfunction in acute-on-chronic liver 
failure
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levels of IL-22 have been associated with adverse outcomes in pa-
tients with alcoholic liver disease and ACLF. We have observed 
that the increase of IL-22 serum levels in ACLF is, however, ac-
companied by an excessive secretion of IL-22BP (unpublished 
data). Furthermore, we have noticed that physiological concentra-
tions of IL-22BP observed in ACLF are capable of almost com-
pletely inhibiting hepatocellular IL-22 signaling. Hence, high doses 
of IL-22 could be required for a therapeutic use of IL-22 in patients 
with ACLF. Furthermore, IL-22 also has proinflammatory func-
tions that may adversely impact on the outcome of patients with 
severe liver diseases, and a recent study has revealed a protective 
role of IL-22BP in a murine model of acute liver failure [46]. Nev-
ertheless, IL-22 appears to be a promising candidate to be investi-
gated for the prevention and treatment of ACLF.

Conclusion

Immunodysfunction, in terms of a parallel existence of systemic 
inflammation and profound immunosuppression, is a hallmark of 

ACLF. Organ failures and infections are a cause and a consequence 
of systemic inflammation and immunosuppression, indicating a 
reciprocal causal relationship between immunodysfunction and 
ACLF. Emerging therapies that specifically target immunodysfunc-
tion to treat and to prevent ACLF are encouraging.
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