Pre prints.org

Review Not peer-reviewed version

The Impact of Liver Failure on the
Immune System

Alicja Dabrowska , Bartosz Wilczynski , Jakub Mastalerz , Julita Kulbacka , Anna Szewczyk i ,
Nina Rembiatkowska

Posted Date: 29 July 2024
doi: 10.20944/preprints202407.2321.v1

Keywords: Liver Cirrhosis; Chronic Liver Failure; Immune Response; Cytokines; Chemokines;
Immunosuppression; Innate And Adaptive Immune Response

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently

H available and citable. Preprints posted at Preprints.org appear in Web of

(=] Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1985552
https://sciprofiles.com/profile/1985563
https://sciprofiles.com/profile/3676377
https://sciprofiles.com/profile/694088
https://sciprofiles.com/profile/2726546
https://sciprofiles.com/profile/1834983

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2024 d0i:10.20944/preprints202407.2321.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

The Impact of Liver Failure on the Immune System

Alicja Dabrowska '*, Bartosz Wilczynski 1*, Jakub Mastalerz ', Julita Kulbacka 2,
Anna Szewczyk 2* and Nina Rembiatkowska 2*

! Faculty of Medicine, Wroclaw Medical University, Pasteura 1, 50-367 Wroclaw, Poland,
alicja.dabrowska@student.umw.edu.pl (A.D.), bartosz.wilczynski@student.umw.edu.pl (B.W.),
jakub.mastalerz@student.umw.edu.pl (J.M.)

2 Department of Molecular and Cellular Biology, Faculty of Pharmacy, Wroclaw Medical University,
Borowska 211A, 50-556 Wroclaw, Poland, julita.kulbacka@umw.edu.pl (J.K.)

* Correspondence: a.szewczyk@umw.edu.pl (A.S.); nina.rembialkowska@umw.edu.pl (N.R.)

t These authors contributed equally to this work and share first authorship.

Abstract: Background: Liver failure profoundly affects the immune system, leading to dysregulation of innate
and adaptive immune responses. Body: This review explores the intricate relationship between liver function
and immune homeostasis. The role of the liver as a central hub in immune response initiation is elucidated,
emphasizing its involvement in hepatic inflammation induction and subsequent systemic inflammation.
Cytokines, chemokines, growth factors, and lipid mediators orchestrate these immune processes, serving as
both prognostic biomarkers and potential therapeutic targets in liver failure-associated immune dysregulation.
Furthermore, the review delves into the mechanisms underlying immunosuppression in liver failure,
encompassing alterations in innate immune cell functions such as neutrophils, macrophages, and natural killer
cells (NK cells), as well as perturbations in adaptive immune responses mediated by B and T cells. Conclusion:
Understanding the immunological consequences of liver failure is crucial for developing targeted therapeutic
interventions and improving patient outcomes in liver disease management.

Keywords: liver cirrhosis; chronic liver failure; immune response; cytokines; chemokines;
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1. Introduction

Liver disease remains a prominent issue in the contemporary world. It is the eleventh-leading
cause of death worldwide, accounting for over two million deaths annually. Among them, liver
cancer is responsible for 1/3 to nearly 1/2 of them. Liver cirrhosis is the final manifestation of hepatic
fibrosis caused by chronic inflammation. It results in replacing the healthy liver parenchyma with
fibrotic tissue, formation of regenerative nodules, and alterations in vascular architecture. As recent
studies show, those changes are, to a certain extent, reversible. Cirrhosis is associated with
gastrointestinal system dysregulation, leading to impaired gut function and dysbiosis [1].

Nevertheless, the consequences of cirrhosis are local and systemic, affecting most organs and
the immune system. The immune response is attenuated, inevitably resulting in immune deficiency.
However, as the ability to combat pathological threats declines, the amount of pro-inflammatory
cytokines causing systemic inflammation rises [2].

Acute chronic liver failure (ACLF) is a term used to describe a unique syndrome observed in
patients with acutely decompensated chronic liver disease. Its occurrence relates to multiorgan
dysfunction and unfavorable short-term survival [3]. There is no single recognized definition of
ACLF. Significant associations and societies involved in the research of liver diseases have coined
their criteria [4]. It leads to missed diagnoses and problems with incorporating proper treatment.
However, most researchers agree that it is a severe form of decompensated liver cirrhosis and is
associated with a systemic inflammatory response. ACLF is frequently precipitated by some
intrahepatic conditions (alcoholic hepatitis, HBV reactivation), extrahepatic conditions (bacterial
infection, gastrointestinal bleeding), or both [5]. The predominant precipitating factor exhibits local
and definitional variability, although alcohol consumption emerges as the foremost cause.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The liver plays a crucial role in the proper functioning of the immune system. The proteins
produced by the liver and the immune cells are essential to maintaining an appropriate response to
foreign- and self-antigens. It is well known that liver failure might lead to both hyper- and
hyporesponsiveness of the immune system. However, in this review, we would like to discuss the
immune consequences of cirrhosis and ACLF and describe the most recent possible clinical markers
and therapeutic targets.

2. Role of the Liver in Immune Response

The liver plays a highly significant role in the proper functioning of the immune system, being
responsible for cytokine and acute phase reactant production. The hepatic artery supplies the liver
with blood; however, it provides only a minor part of oxygen and nutrients to the organ. Most of the
blood entering the liver comes from the portal vein. The blood flowing in it is rich in nutrients from
the intestines; however, portal blood also contains pathogens and microbe-derived molecules that
have passed through the intestinal epithelium [6]. Thus, the liver must develop immune tolerance in
the face of harmless substances, while providing immunosurveillance and neutralizing pathogens
and the harmful molecules they secrete. This immune system surveillance is facilitated by multiple
cell lines unique to the liver and a distinct proportion of residual lymphocytes.

Kupffer cells (KC) are the most abundant macrophage population residing in the liver. They are
immobilized in sinusoidal lumens, constantly investigating the flowing blood in search of threatening
pathogens [7]. However, the cells are not only involved in bacterial endocytosis but their role in
regulating the number of neutrophils has also been documented. Liver sinusoidal endothelial cells
(LSEC) contribute with KCs and intrahepatic myeloid cells in the regulation of T lymphocytes. T cells
remain suppressed in normal circumstances, avoiding the excess inflammatory response. This state
is achieved by constantly producing anti-inflammatory cytokines such as II-10, low MHC II content
on antigen-presenting cells, and low levels of costimulatory molecules [8].

The liver is home to most of the Invariant killer T cells (iNKT) that respond to lipid antigens
from both the external and internal environment. They do not require costimulation from other cells
and can solely rely on TCR interaction with antigens [9].

3. The Initiation of Hepatic Inflammation

Pathogen-associated molecular patterns (PAMPs) and danger-associated molecular patterns
(DAMPs) are substances from microorganisms and damaged cells. They are recognized by pattern
recognition receptors (PRRs), e.g., toll-like receptors (TLRs) or NOD-like receptors (NLRs). In
cirrhosis, gut membrane permeability significantly increases, allowing for increased bacterial
transcytosis. Due to bacterial overgrowth and dysbiosis, the influx of PAMPs into the intestines'
lymphoid tissue is increased. In addition, microbes permeate blood vessels entering the systemic
circulation, triggering low-grade inflammation. Furthermore, DAMPs are constantly released from
the damaged hepatocytes, intensifying systemic inflammation [10].


https://doi.org/10.20944/preprints202407.2321.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2024 d0i:10.20944/preprints202407.2321.v1

4. Systemic inflammation

In the course of liver disease, there is both an intense systemic inflammatory response and
immunosuppression (Figure 1). It has been shown that the systemic inflammatory response is the
most crucial cause leading to sudden deterioration in patients who already have chronic liver disease.
In the initial stage of ACFL development, pathogens strongly stimulate the immune system and
consequent activation, recruitment, and differentiation of effector immune cells. Macrophages play a
vital role at this stage. Their population can be divided into M1 macrophages, which participate in
antigen presentation and secrete mainly pro-inflammatory cytokines and reactive oxygen species,
and M2 macrophages, which secrete mainly anti-inflammatory cytokines [11]. M1 and M2
macrophages will be activated in the early stages of ACLF development. Activation of macrophages
(Kupffer cells) present in the liver leads to the recruitment of innate effector cells and liver damage.
Circulating monocytes in the blood will also play an important role, as they will infiltrate the liver.
As a result of their proliferation, local liver damage can occur, which will induce the secretion of pro-
inflammatory cytokines. The expression of progressive inflammation is the increasing secretion of
inflammatory mediators, which we can divide into protein mediators (such as cytokines, chemokines,
or growth factors) and lipid mediators [12]. Numerous studies have shown that the secretion of
inflammatory mediators is directly related to patients' clinical status and mortality [13]. Moreover,
some of these mediators may become therapeutic targets in the future.

Impaired liver function

T Increased: J; Decreased:
*  Chemokines * Phagocytosis in neutrophils
» Cytokines - TNF, *  Macrophages responsiveness
11-6, 11-8, CCL2, » NK cells activity
CCL4, CXCL10, * B cells count
GCSF * T cells count

*  Growth Factors
* Lipid mediators

Figure 1. During liver disease, the immune system's function becomes severely impaired, leading to
hyperresponsiveness.
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Table 1. Treatment possibilities address various immunological dysfunctions.
Impaired function of immune Treatment possibilities Treatment effects
system
Activation of IFN-y/STAT1 F-652 (IL-22 Fe) Reduction in Lille and MELD
anti-regenerative pathway scores, decrease in serum

cytokine and chemokine levels

Increased levels of IL-11 Anti IL-11 antibodies Reduced fibrosis, anti-
inflammatory effect, reduced

hepatocyte death

Increased levels of PGE2 Human albumin solution Improved macrophage
function

Reduced infection risk

Impaired neutrophil G-CSF Improvement in Child-Pugh
phagocytosis, chemotaxis, and MELD scores
superoxide production, and Reduced short-term mortality

attenuated degranulation

5. Mediators of Inflammation

5.1. Cytokines

Cytokines are proteins that are critical mediators of inflammation. They are responsible for
regulating and determining the nature of the immune response. Depending on which combinations
of cytokines are produced depends on whether an immune response develops and whether it is
cytotoxic, humoral, cellular, or allergic. Once released from immune cells, they bind to specific
receptors and initiate a signaling cascade, developing an immune response [14,15]. Cytokines can be
divided into pro-inflammatory cytokines, which include TNF-a, IL-13, and IL-6, and anti-
inflammatory cytokines, which include IL-10 and IL-4. Both anti-inflammatory and pro-
inflammatory cytokines are involved in developing liver conditions, such as decompensated cirrhosis
and ACLF [12]. IL-1 and TNF-a, produced in response to infection and tissue damage, stimulate
TLR4 and thereby lead to the induction of IL-6 secretion. This pleiotropic cytokine is an important
stimulator of acute-phase protein secretion [16]. A study using a mouse model combined with an
ethanol-feeding model showed that the acute inflammatory response associated with IL-6 can lead
to a transition from stable chronic inflammation to progressive liver damage [17].

Moreover, the TNF-a signaling pathway may contribute to the induction of hepatocyte
apoptosis in ACLF. Moreover, despite the elevation of IL-10 levels, a marked imbalance in favor of
pro-inflammatory cytokines was still observed [18]. Baseline levels of inflammatory markers
measured in the plasma of patients on admission were slightly elevated in compensated cirrhosis,
significantly increased in uncompensated cirrhosis, and were highest in ACLF patients who had "full-
blown" systemic inflammation. Compared to controls, patients with uncompensated cirrhosis had
elevated levels of inflammatory and anti-inflammatory cytokines, including IL-6, IL-7, IL-8, IL-10, IL-
12, and TNF-a. However, patients who developed ACLF showed an opposite pattern of cytokines
and decreased levels of IL-7, IL-10, IL-12, TNF-a, MCP-1, and IFN-y while maintaining levels of IL-6
and IL-8 [19]. Another group also observed an increase in most types of cytokines and chemokines
in patients with acute uncompensated cirrhosis, with a significant increase in cytokines in patients
with ACLF relative to patients without ACLF involving only those involved in the innate immune
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response. The secretion of inflammatory mediators in ACLF is so massive that we can use the phrase
"cytokine storm" in its context. The secretion of numerous cytokines, similar to that in ACLF, occurs
during sepsis and every form of COVID-19 infection [20,21].

5.1.1. Cytokines as Prognostic Biomarkers

Cytokine levels correlate with clinical status and patient mortality, making cytokines good
candidates to be prognostic biomarkers. A study of 412 patients with hepatitis B virus-related acute-
on-chronic liver failure (HBV-ACLF) showed a positive correlation between high serum IL-6 levels
and prognosis. In a retrospective analysis, the predictive value of IL-6 levels on 90-day mortality in
patients with ACLF was similar to that of MELD (Model of End-Stage Liver Disease) or Meld-Na. It
was higher than CRP and serum leukocyte levels [22]. Moreover, IL-6 has recently been shown to be
an independent risk factor for death after 28, 90, and 180 days in patients with liver failure [23].
Moreover, the predictive value of serum IL-6 concentration in the development of overt hepatic
encephalopathy within 180 days was higher than the efficacy of MELD, especially for patients who
had not previously developed overt hepatic encephalopathy [24]. In contrast, a study of patients with
esophageal variceal bleeding showed an association between the incidence of infection and death in
these patients and levels of high mobility protein group 1 (HMG1) and IL-6. Also, patients with
clinically significant portal hypertension (= 10 mmHg) had elevated serum levels of IL-6 and IL-18.
More recently, IL-6, IL-22, interferon-a2, soluble TNF receptor 1, lipocalin-2, and a-fetoprotein have
been linked to mortality within 28 days in patients with severe alcoholic hepatitis, and IL-6, IL-13,
and endotoxin levels to mortality within 90 days. Moreover, a parameter composed of IL-13 levels
and age was better at predicting 90-day mortality in patients with AH than MELD [25]. Low levels of
stem cell factor (SCF), low levels of basic fibroblast growth factor (bFGF), and high levels of IL-13
have also been shown to correlate with an increased risk of ACLF [26].

5.1.2. Cytokines as Potential Therapeutic Targets

Due to the high mortality rate among patients who develop ACFL and the lack of effective
therapy, new therapies, including those based on interference with cytokine signaling, are being
sought all the time. Based on a model of severe liver impairment, impaired liver regeneration
processes have been shown to result from a shift in activation of the IL-6/STAT3 pro-regenerative
pathway to the IFN-y/STAT1 anti-regenerative pathway, which in turn was related to the inability of
Kupffer cells to produce IL-6. Therapy with IL-22Fc reversed this switch in mice and may have
therapeutic potential in humans in the future as well [27,28]. Recently, a phase Il study was conducted
evaluating the therapeutic potential of F-652, a type of IL-22Fc, in the treatment of patients with
alcohol-associated hepatitis. F-652 has been shown to improve patients' prognosis, as demonstrated
by a reduction in Lille and MELD scores and a decrease in serum cytokine and chemokine levels [29].
Manipulating the signaling of other cytokines, such as IL-6 and IL-11, may also be an important
therapeutic option for treating ACLF in the future. However, for now, there are many obstacles in
the way. For example, IL-11 has also been shown to have pro-inflammatory and anti-regenerative
effects [30,31]. It has been observed that therapy with antibodies that block IL-11 signaling leads to
reduced fibrosis, has anti-inflammatory effects, and reduces hepatocyte death in mice with diet-
induced steatohepatitis [32] (Figure 2). The use of anti-IL11 therapy is being considered in many
diseases, including the treatment of acute and chronic kidney disease [33].
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Figure 2. Anti-II-11 antibodies reduce fibrosis and hepatocyte death and have anti-inflammatory
properties.

5.2. Chemokines

Chemokines (chemotactic cytokines) are a family of small and soluble proteins that act as
signaling molecules and function by binding to G-Protein Coupled Receptors (GPCRs) on the cell
surface [34]. They play a crucial role in immune system homeostasis and participate in developing
immune and inflammatory responses by stimulating leukocyte migration [35]. Due to differences in
the number and position of the N-terminal cysteine residues, chemokines can be divided into 4
subfamilies: the CXC group, the CX3C group (CX3CL1 or fractalkine), the (X)C group, and the CC
group [36]. The increased secretion of chemokines such as CXCL10, CCL2, CCL4, and IL-8 have been
observed in both cirrhosis decompensation and ACFL [18,19]. IL-8 is secreted by hepatocytes, stellate
cells, and Kupffer cells, among others, and its levels are associated with the prognosis of patients with
ACLF [37]. The gene encoding IL-8 is activated in response to IL-1 and TNFa due to the synergistic
action of NF-«B in combination with AP-1 or C/EBP [38]. Recently, it has also been suggested that
high levels of IL-1f3 in the serum of ACLF patients may promote IL-8 expression in human umbilical
cord mesenchymal stem cells (hUC-MSCs) via the NF-«B signaling pathway, thereby reducing the
therapeutic effect of hUC-MSCs on ACLF [39]. It has also been reported that IL-8 can induce the
conversion of mature hepatocytes toward a cholangiocyte phenotype [40]. Retrospective analysis
showed that IL-8 may be an independent predictor of 28-day mortality in ACLF-HBV patients but
not mortality at 90 and 180 days [41]. More recently, CXCL2, IL-8, total bilirubin, and age were
isolated as independent risk factors for poor prognosis in HBV-ACLF patients, and an immunological
prognostic model was developed based on them, which had a higher prognostic value than Chronic
Liver Failure Consortium (CLIF-C) ACLF, MELD and MELD-Na [42]. In another study, HBV-ACLF
patients had statistically significantly higher serum CXCL1 levels compared to healthy subjects,
patients with chronic HBV infection, and patients with HBV-compensated cirrhosis [43]. Studies
using a mouse model of ACLF have shown that CXCL1 is involved in the mobilization of ACLF
neutrophils, and its knockdown leads to reduced neutrophil infiltration, the release of fewer reactive
oxygen species, and inhibition of hepatocyte apoptosis, resulting in reduced liver damage and
inflammation [44]. Further studies are needed to determine whether CXCL1 can become a prognostic
marker and therapeutic target [43]. Elevated IL-8, CXCL9, and CXCL10 levels were associated with
shorter survival of cirrhotic patients undergoing transjugular intrahepatic portal-systemic shunt
(TIPS). Moreover, CXCL10 has also been linked to the incidence and mortality of ACLF [45-47]. Miao

doi:10.20944/preprints202407.2321.v1
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Huang et al. recently identified C-C motif chemokine ligand 5 (CCL5) as an essential factor leading
to reduced liver regenerative capacity. CCL5 induced the transition of macrophages into a pro-
inflammatory phenotype via the forkhead box O (FoxO) 3a pathway, which led to reduced
hepatocyte growth factor (HGF) production. CCL5 may be a promising therapeutic target for the
treatment of posthepatectomy liver failure (PHLF) [48].

5.3. Growth Factors

In addition to cytokines and chemokines, granulocyte-macrophage colony-stimulating factor
(GM-CSF) and granulocyte colony-stimulating factor (G-CSF) were abundant in the serum of ACLF
patients [18]. They are crucial for differentiating and activating monocytes and neutrophils [49]. In
the liver, they induce progenitor cell proliferation [50]. In the case of ACLF, it was reported that G-
CSF administration was associated with improved patient survival, which was most likely related to
restoration of immune function and reduced risk of infection [51]. Based on ACLF models, it has been
shown that the use of G-CSF and a TLR4 inhibitor leads to the inhibition of inflammation, promotes
liver regeneration, and may reduce mortality in ACLF [52]. The transforming growth factor
p1/interleukin-31 (TGF-f1/IL-31) pathway has also been shown to correlate with the degree of liver
damage and the worse prognosis of patients with ACLF [53]. High fibroblast growth factor 21
(FGF21) levels were observed in cirrhotic patients admitted to the intensive care unit. Moreover, it
was higher in patients with ACLF but did not correlate with the severity of the course of ACLF [54].

5.4. Lipid Mediators

Lipid mediators are biologically active lipids that mainly affect numerous cellular processes by
binding to G-protein-coupled receptors [55]. In the course of liver diseases, there is an imbalance in
the secretion of lipid mediators, including a disruption between pro-inflammatory and anti-
inflammatory mediators [56]. Analyzing the plasma of 200 patients with decompensated cirrhosis
with or without ACFL for as many as 100 lipid mediators, 16 lipid mediators associated with the
patient's condition were identified. Moreover, levels of Leukotriene E4 (LTE4) and 12-
Hydroxyheptadecatrienoic acid (12-HHT) distinguished patients with ACLF from those without
ACLF. In addition, LTE4 levels were associated with inflammatory markers, non-apoptotic cell death,
and short-term patient mortality [57]. LTE4, like other leukotrienes, is a known mediator of the
inflammatory response [58]. Moreover, analysis of albumin-associated lipid mediators showed that
patients with acute uncompensated cirrhosis at risk of disease progression to ACFL have low levels
of anti-inflammatory lipid mediators. Prostaglandin (PG) E2 was absent from the albumin of patients
with acute uncompensated cirrhosis, suggesting that it is mainly present in this group of patients in
a form separated from albumin [59]. We were also able to link the survival of patients with ACLF to
changes in the profile of levels of pro-secretory lipid mediators [60]. Previous studies have also
reported that PGE2 is associated with immune deficits in patients with acute decompensated
cirrhosis, although the literature data on the subject are divergent [57,61]. PGE2 levels were higher in
HBV-ACLEF patients than in healthy controls and patients with stable viral hepatitis. Moreover, it was
shown that increased serum PGE2 levels were associated with a higher risk of infection in patients
with ACLF [62]. Moreover, reduced prostaglandin E receptor 2 (EP2) expression on CD8+ T cells was
observed in HBV-ACLEF patients. Altered PGE2-EP2 was associated with excessive inflammation and
stimulation of cells of the acquired immune system in response to LPS and Escherichia coli infection
[63]. Albumin infusions have also been shown to promote the reversal of immune dysfunction by
binding and inactivating PGE2 [64]. Besides, increased PGE2 levels in patients with acute
uncompensated cirrhosis who received albumin may be associated with a higher risk of inflammation
during the first few days after hospitalization [60]. On the other hand, based on a mouse model, it
was also shown that PGE2 secreted by MSCs showed therapeutic potential in treating acute liver
failure. PGE2 blocked TGF-B-activated kinase 1 and activated the NLRP3 inflammasome in liver
macrophages, reducing cytokine secretion. In addition, PGE2, through the STAT6 and mTOR
pathway, induced the transition of macrophages to an anti-inflammatory (M2) form, contributing to
reducing hepatocyte death and inflammation [65].
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6. Inmunosuppression

Liver failure leads to systemic inflammation and strongly affects immune responsiveness. Due
to immune dysfunction, innate immune paralysis, disturbance in immune tolerance, and decreased
innate and adaptive responses occur. Consequently, those patients develop immunosuppression,
which might lead to opportunistic infections and lowered response to vaccinations. In this paper, we
discussed changes in immune cell counts and cellular pathway pathologies.

6.1. Innate Immune Response

6.1.1. Neutrophils

The liver plays a crucial role in the innate immune response; thus, liver failure might
significantly impact its responsiveness. It is well known since the 1970s that cirrhosis impairs
neutrophil phagocytosis, chemotaxis, superoxide production, and attenuated degranulation
responses [66—69]

More importantly, correlations have been found between neutrophils in patients with ACLF and
increased mortality [70]. There has also been a study comparing neutrophils from patients with
cirrhosis to healthy controls, which has shown decreased expression of a neutrophil adhesion
receptor CD62L and reduced transendothelial migration [71]. Exposure to G-CSF is proven not only
to significantly improve phagocytic and bactericidal function in neutrophils from acute liver failure
patients ex vivo but also might reduce short-term mortality in patients with ACLF [71-73].
Furthermore, metanalysis from 2023 carried out by Konstantis et al. has shown that the
administration of G-CSF might lead to improvements in overall survival and liver function and
prognosis, as evidenced by the improvement in the MELD score [74] (Figure 3). On the contrary,
another study suggests that there are no clear conclusions regarding the usefulness of G-CSF in
ACLF. However, survival benefits were observed in Asian patients [75].

GRANULOPOIESIS

; :\; Improvement in MELD
: " == \ and Child-Pugh scores

/

Acute on chronic liver failure Improved phagocytosis Reduced short-term mortality
in neutrophils

Figure 3. The figure presents the role of the G-CSF in granulopoiesis and its effect on the clinical
course of liver failure.

6.1.2. Macrophages

It is crucial to note that as cirrhosis or ACLF progresses, immune responses become attenuated
and are accompanied by macrophage hyporesponsiveness. There is evidence that the cyclooxygenase
(COX)-derived eicosanoid prostaglandin E2 (PGE2) correlates with cirrhosis-associated
immunosuppression. Elevated circulating concentrations of PGE2 were found in the plasma of
patients with acute decompensation of cirrhosis [76]. Albumin, which reduces PGE2 bioavailability,
was decreased in the serum of patients with acute decompensation and appears to have a role in
modulating PGE2-mediated immune dysfunction. In vivo, administration of human albumin
solution to these patients significantly improved the plasma-induced impairment of macrophage pro-
inflammatory cytokine production in vitro. Consequently, it creates a therapeutic option - human
albumin solution infusions may be used to reduce circulating PGE2 levels and thus reduce the risk
of infection in patients with acutely decompensated cirrhosis [76-78].
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What is more, several studies have reported increased expression of the inhibitory MERTK (Mer
receptor tyrosine kinase), which regulates M2 macrophage polarization via the JAK1/STAT6
signaling pathway) by circulating monocytes from patients with ACLF, as compared with patients
with stable cirrhosis and healthy controls [79]. Furthermore, upregulation of MERTK weakens the
antigen presentation function and reduces the secretion of inflammatory cytokines [80]. Recently, a
study on mice with ACLF detected changes in MERTK, JAK1/STATS6, inflammatory cytokines, and
macrophage polarization markers in vitro and in vivo. Furthermore, treatment with mesenchymal
stem cells improved liver function and 48-h survival of ACLF mice but also alleviated inflammatory
injury by promoting M2 macrophage polarization and elevated MERKT expression levels in
macrophages [81].

6.1.3. Natural Killer Cells (NK cells)

Constituting as much as half of the resident lymphocyte population in a healthy liver, natural
killer cells exhibit a significantly higher abundance than peripheral blood. Natural killer (NK) cells
have cytotoxic and antitumor properties, enabling them to neutralize pathogens and impair the
development of neoplasms [82]. Weiss et al. observed in their study a reduced proportion of memory
lymphocytes and NK cells in the immune cell profile of patients with ACLF. The selective depletion
of these cells emerged as a significant factor contributing to systemic immunosuppression [83]. In
patients with cirrhosis, NK cell lytic activity is reduced by elevated levels of TGF-f3 in advanced liver
disease in mouse models [84]. Another critical factor might be suppression of NKG2D, an inhibitory
receptor on the NK cell, which is the likely mechanism by which their cytotoxic activity is reduced in
chronic liver disease [85].

A different study has shown a possible role of NK cells in HBV-ACLF. Increased counts of
CXCL-10 and NK cells were found in the liver, and excessive production of CXCL-10 in the peripheral
blood contributed to the apoptosis of NK cells in vitro, as the influence of CXCL-10 and NK cells on
each other might mediate the unbalanced distribution of NK cells. Moreover, the decrease in NK cells
was associated with the level of HBV DNA and disease severity and had good prognostic
performance in predicting the outcome of patients with HBV-ACLF through AUROC analysis [86].

6.2. Adaptive Immune Response

Acute-on-chronic liver failure (ACLF) occurs in patients who have an acute decompensation of
cirrhosis, consequently leading to organ failures and an increased risk of in-hospital mortality. ACLF
is connected with systemic inflammation, elevated blood leukocyte counts, increased plasma levels
of C-reactive protein, and increased concentrations of cytokines and chemokines [87]. The white
blood cell count is a component of the ACLF scoring system developed by the Chronic Liver Failure
Consortium, providing an accurate prediction of early mortality in ACLF patients [88]. It has been
proposed that in ACLF, peripheral leukocytosis is enriched with effector immune cells with a high
potential for inducing tissue damage [89].
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6.2.1. B Cells

Cirrhosis affects the innate immune response and causes dysregulation of the adaptive immune
response. Studies have proven decreased numbers of B cells, including the CD5+ subset, among
patients with alcoholic liver disease [90]. Weiss E. et al. conducted a study using results of clinical
complete blood count measurements and microarray (genomewide) analysis of blood RNA
expression in HS and 3 groups of patients with cirrhosis, comprising AC, AD, and ACLF. The key
results showed that patients with ACLF had leukocytosis fueled by increased populations of
neutrophils (that had unique phenotype) and macrophages M0-like monocytes, and as expected,
which will be described later in this paper, decreased lymphocyte count related to a depletion in
memory lymphocytes (of the B-cell, CD4 T-cell lineages), CD8 T cells and NK cells [83].

Another study demonstrated loss of CD27+ memory B cells, impaired function, impaired IgG
production, and reduced allostimulatory capabilities. Hiroyoshi D. et al. have found out, that among
patients with chronic hepatitis C, only those that have progressed to cirrhosis display a loss of CD27+
memory B-cells with associated functional abnormalities, such as impaired activation, impaired
TNFp and IgG production and impaired allostimulatory capacity. However, overall immunoglobulin
levels are elevated in cirrhotics due to increased levels of pathogen-specific immunoglobulins such
as antibodies against Saccharomyces cerevisiae (ASCA) and against Gala1-3Gal31-3GlcNAc (alpha-
Gal) [91]. This study has shown that cirrhosis is associated with profound reductions of CD27+IgM+
B-cells, a subset of memory B-cells thought to be generated in response to T-independent antigens
[92]. Dysfunctional B-cell activation in cirrhosis resulting from hepatitis C infection associated with
the disappearance of CD27-positive B-cell population.

Furthermore, another study has proven that alcoholics admitted for acute alcoholic liver disease
(ALD) had decreased CD5+ count. In addition to the loss of CD5+ B cells, there was a reduction in the
percentage of B cells which were CD5-CD45RAhi. This subset appears phenotypically similar to the
IgM-producing CD5-CD45RAlo subset and thus may be enriched for autoantibody-producing cells
[93].

Liver cirrhosis might also influence the efficacy of the hepatitis B vaccination, as shown in
numerous studies. Hassnine A. et al. carried out a retrospective observational clinical study on 500
individuals (400 chronic HCV patients and 100 healthy controls), who were divided into 5 groups: A
(control group), B (cirrhotic patient not receiving treatment), C (chronic hepatitis patients receiving
treatment), D (cirrhotic patients receiving treatment), and E (HCC patients receiving treatment). HCV
infection and its complications, such as cirrhosis, are one of the main risk factors for vaccine hypo-
responsiveness, as they found a significantly lower response to HBV vaccination in HCV-infected
individuals, with an overall response rate of 80% and on multivariate analyses that included age,
gender, cirrhosis, alcohol abuse, and Diabetes Mellitus (DM), only patients with liver cirrhosis were
less likely to be reactive [94]. Another study from 2020 retrospectively evaluated all patients with
chronic HCV infection at Hennepin County Medical Center in Minneapolis, Minnesota, between 2002
and 2018. They have noticed a significantly lower response to HBV vaccination in HCV-infected
individuals, with an overall response rate of 79% and a response rate of 50% when the cohort of those
who received 3 or more vaccine doses was assessed, compared to the response rate 90-98% among
the healthy population [95].

6.2.2. T Cells

The activity of T cell populations during liver disease is influenced by various factors, including
the extent of gut translocation of microbes, the activation of antigen-presenting cells (APCs), and the
proliferative capacity of T lymphocytes, which tends to decrease with the progression of cirrhosis
[96].

A recent study involving ACLF patients revealed a significant increase in mononuclear myeloid-
derived suppressor cells. This expansion reduced T cell proliferation and heightened vulnerability to
bacterial infections [97].

Furthermore, an increase in T regulatory cells might be connected with poorer short-term
survival in ACLF patients with hepatitis B, which might be used as a therapeutic target in the long
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term. The restoration of a balanced Tres to Th17 ratio seems crucial for improved outcomes, and as a
consequence, it likely signifies a proper return to immune homeostasis [98].

One of the most recent studies indicates lower expression of HLA-DR, CD86, and CD54 on
monocyte-derived dendritic cells in ACLF patients compared to chronic hepatitis B patients and
healthy controls. This may relate to higher levels of procalcitonin (PCT), lower levels of albumin, and
decreased prothrombin activity. These patients' T cells also showed lower Ki-67 and interferon-
gamma (IFN-y) production [99].

7. Conclusions

It is well known that the liver plays a crucial role in the proper functioning of the immune
system, as it creates immune tolerance and neutralizes pathogens and their metabolites. The
development of liver conditions, including decompensated cirrhosis and ACLF, involves both anti-
inflammatory and pro-inflammatory cytokines. Moreover, ACLF patients exhibit a predominance of
pro-inflammatory cytokines, including TNFa and IL-6, along with chemokines, such as IL-8, MCP-1,
IP-10, and MIP-1§3. The extensive secretion of inflammatory mediators in ACLF is often called a
"cytokine storm." Moreover, cytokines might be used as prognostic markers and potential therapeutic
targets.

Regarding the studies, I1-6 is an independent risk factor for death after 28, 90, and 180 days in
patients with liver failure [23]. A recent phase II study investigated the therapeutic efficacy of F-652,
an IL-22Fc variant, in patients with alcohol-associated hepatitis. While exploring the manipulation of
signaling pathways involving other cytokines like IL-6 and IL-11 holds promise as potential
therapeutic avenues for future ACLF, further research is essential [100].

As versatile signaling molecules, chemokines significantly influence immune responses and
inflammatory processes by regulating leukocyte migration through interaction with G-Protein
Coupled Receptors. CXCL2, IL-8, total bilirubin, and age can be independent prognostic factors in
HBV-ACLF patients.

Another potential therapeutic method is exposure to the G-CSF, which has been shown to
improve overall survival and liver function, as evidenced by the improvement in the MELD score
[74]. Macrophages also become impaired in the ACLF patients.

Immunosuppression is a significant clinical problem in patients with liver failure. The increased
CXCL-10 levels promote NK cell apoptosis, which contributes to systemic immunosuppression, and
the IgG production and costimulatory functions of CD27 memory B cells are impaired in cirrhosis. In
addition, the increase in regulatory T cells is probably linked to worse outcomes in HBV patients. On
the other hand, reduced T cell proliferation evoked by myeloid-derived suppressor cells causes
patients to be more prone to develop life-threatening infections. This paper discussed the most critical
aspects of the immune system in liver failure. However, further research is still needed, as liver
diseases are a significant problem in society, and studies over possible markers and therapeutic
targets might improve the mortality rate and quality of life of those patients.
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