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Background/objectives: Cirrhosis associated immune dysfunction has been proposed to switch from a pro-
inflammatory phenotype in stable cirrhosis to an immunodeficient one in patients with decompensated
cirrhosis and acute-on-chronic liver failure. The aim of the present study was to compare serum cytokine
levels between healthy patients, stable cirrhosis, and decompensated cirrhotic patients with and without
development of acute-on-chronic liver failure (ACLF); and to explore whether any of the measured
cytokines is associated with cirrhosis severity and prognosis in ACLF patients.
Methods: Patients were enrolled from October 2013 to May 2014 in two hospitals located in Buenos
Aires. Cirrhotic patients with an acute decompensating event were enrolled accordingly to the develop-
ment of ACLF defined by the CANONIC study group. There were two control groups: healthy subjects
(n = 14) and stable cirrhotic patients (n = 14). Demographic, clinical and biochemical data were obtained.
Seventeen cytokines were measured using Bio-Plex Pro Human Cytokine 17-plex Assay.
Results: Of the 49 decompensated cirrhotic patients enrolled, 18 (36.7%) developed ACLF. Leukocyte count,
MELD score at admission, Clif-SOFA at admission and day 7 were significantly higher in the ACLF group
(p = 0.046, p < 0.001, p < 0.001, p < 0.001 respectively) as well as short-term mortality (p < 0.001)
compared to stable and decompensated cirrhotic patients. In comparison with healthy controls, stable
cirrhotic and decompensated cirrhotic patients showed increased levels of pro-inflammatory and
anti-inflammatory cytokines: IL-6, IL-7, IL-8, IL-10, IL 12, and TNF-a. Decompensated cirrhotic patients
with the development of ACLF showed a significant decrease of IL-7, IL-10, IL-12, TNF-a, MCP-1 and
IFN-c, but a sustained response of IL-6 and IL-8. When evaluating cirrhosis severity, IL-6 and IL-8
correlated positively with MELD score, whereas only IL-6 correlated positively with Clif-SOFA score at
day 7; IL-2 correlated negatively with Clif-SOFA at admission. In comparison with all scores, leukocyte
count showed positive correlation and IFN-c negative correlation with disease severity. When evaluating
survival, only MELD and Clif-SOFA scores had a significant association with mortality.
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Conclusions: Pro-inflammatory cytokines and chemo-attractant elements are increased in cirrhosis in
comparison with healthy subjects, and display higher values concomitantly with cirrhosis progression.
However, in acute-on-chronic liver failure an opposite cytokine pattern that can be resumed as a combi-
nation of immune paresis and excessive inflammatory response was observed. Several pro-inflammatory
cytokines (IL-2, IL-6, IL-8 and IFN-c) showed correlation with disease severity; their utility as prognostic
biomarkers needs to be further studied.

� 2015 Elsevier Ltd. All rights reserved.
1. Main content/introduction

Liver cirrhosis is the final stage of all progressive and chronic
liver diseases. The natural history of cirrhosis was traditionally
divided in two phases: a long-lasting initial phase denominated
compensated cirrhosis, characterized by the absence of symptoms
and excellent survival, followed by an advanced stage (i.e. decom-
pensated cirrhosis), marked by the appearance of complications
related to the presence of portal hypertension or liver dysfunction
and associated with an elevated mortality rate [1]. Recently, a new
clinical entity denominated acute-on-chronic liver failure (ACLF)
has been identified as an alternative path in cirrhosis progression,
characterized by its acute onset and poor prognosis [2]. Although
several definitions were proposed, most of them had theoretical
basis; currently, the only description based on observational data
derives from a European prospective multicenter study named
CANONIC (Clif Acute-On-Chronic Liver Failure in Cirrhosis). This
consortium prospectively enrolled and studied 1343 hospitalized
cirrhotic patients, defining ACLF as an acute deterioration of liver
function in patients with cirrhosis, either secondary to superim-
posed liver injury or due to extra hepatic precipitating factors,
which leads to end-organ dysfunction. The severity of this syn-
drome was objectively quantified by an ad hoc score and divided
in three stages, according to the number or organ failures and
increasing mortality observed [3].

Unraveling the pathophysiological pathway in advanced cirrho-
sis and ACLF is a major priority, since it would allow developing
specific treatment strategies against factors related to poor prog-
nosis and improve detection of sicker patients in order to modify
liver allocation algorithms. In the CANONIC study, patients with
ACLF had higher white cell count and plasma C-reactive protein
levels than decompensated cirrhotic patients who did not devel-
oped ACLF; furthermore, both of these markers increased concomi-
tantly with the number of organ failures, and white cell count was
found to be an independent predictor of post-enrollment develop-
ment of ACLF and ACLF-related mortality [3]. Based on these find-
ings, an excessive systemic inflammatory response was proposed
to be the causal factor for the morbidity and mortality observed
in ACLF. Interestingly, systemic inflammation in response to bacte-
rial infections was observed in only 30% of patients with ACLF, sug-
gesting other ‘‘sterile” triggers may be involved [4]. An excessive
inflammatory response has also been linked to the induction of
ACLF by other authors. In a study by Mehta et al. that analyzed sys-
temic hemodynamics and inflammation parameters in stable,
decompensated and ACLF alcohol-related cirrhotic patients, the
latter cohort portrayed significantly higher intrahepatic resistance
and pro-inflammatory cytokines levels (TNF-a, IL-8 and IL-6) com-
pared to the other groups [5]. In an ex-vivo study that evaluated
cytokine production under baseline conditions and after stimula-
tion by lipopolysaccharide in peripheral blood monocytes of
advanced alcoholic cirrhotic patients and normal subjects, mono-
cytes from cirrhotic patients were found to spontaneously produce
six cytokines (TNF-alpha, IL-6, IL-8, MCP-1, RANTES and Gro)
whereas normal monocytes only secreted small amounts of IL-8
and RANTES. These findings suggested an underlying pro-inflammatory
phenotype in cirrhosis; importantly, none of the cirrhotic patients
included had overt signs of infection [6].

However, systemic inflammation is not the only proposed
pathophysiological pathway. An acquired alteration of the innate
immune system in advanced cirrhosis and ACLF has been sug-
gested to account for an inadequate response to pathogens, which
ultimately derives into multiple organ failure and elevated mortal-
ity. This theory is based in alterations observed at different levels
of the immune system; in a study that compared functional
immune parameters between ACLF, compensated cirrhotic and
septic patients, TNF-alpha production and monocyte HLA-DR levels
were found to be severely decreased in sepsis and ACLF compared
to stable cirrhosis, whereas IL-6 were highest in septic patients fol-
lowed by ACLF subjects. Due to the similarities in the degree of cel-
lular immune depression between ACLF and sepsis, the authors
defined ACLF innate immune system alterations as a ‘‘sepsis like”
immune paralysis [7]. In a cohort of alcoholic cirrhotic patients, a
reversible neutrophil activation indicated by an increased resting
burst and reduced phagocytic function was found to be associated
with higher morbidity and mortality [8]. The migration capacity of
this cellular subset was also proven to be altered in advanced
cirrhosis when compared to stable cirrhosis [9]; and this was
similarly portrayed by the detection of a functional exhaustion of
monocytes leading to impaired pathogen clearance [10].

Systemic inflammation and an impaired immune response may
not be mutually exclusive but operate simultaneously in decom-
pensated cirrhosis and ACLF. Recently, a theory encompassing both
features denominated cirrhosis-associated immune dysfunction
(CAID) has been proposed. This syndrome describes excessive sys-
temic inflammation as an initial phenotype in compensated cirrho-
sis, caused by persistent immune cell stimulation by bacterial
and bacterial products translocation; under this constant stimulus,
the immune response system eventually becomes exhausted and
switches to a ‘‘immunodeficient” phenotype in late stages of
decompensated cirrhosis, such as ACLF [11].

Despite the fact that there is plentiful evidence of the role of
immune dysfunction in the pathogenesis in cirrhosis, the identifi-
cation of objective, reproducible and readily-available surrogate
biomarkers of this syndrome is still a work in progress. Several fea-
tures have been analyzed, such as leukocyte count, procalcitonine
and C-reactive protein; however, no clear cut-off points or exten-
sive validation has been achieved so far [12]. Cytokines have also
been proposed as prognostic tools in different stages of cirrhosis.
In stable cirrhotic patients, they have been evaluated as tools in
the detection of clinically-significant portal hypertension [13]
and even as independent factors related to mortality in decompen-
sated cirrhosis [14].

However, the recognition of prognostic biomarkers would prob-
ably be of utmost utility in ACLF, the most severe stage of decom-
pensated cirrhosis, to improve current treatment strategies.
Although several cytokines have been studied as part of the patho-
physiology of ACLF and even suggested as prognostic factors, only a
few were randomly selected, not allowing analyzing thoroughly its
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involvement. In addition, heterogeneous definitions of this syn-
drome have been used; some authors considered ACLF only when
patients had an acute deterioration in liver function, encephalopa-
thy or hemodynamic instability and required ICU disregarding the
etiology of the acute decompensating event [7]; others solely
included patients with ACLF after hepatitis B flares or acute hepati-
tis B infection [15]. Only recently an objective and simple score
system has been developed to define this syndrome and thus allow
proper external validation; but even in a study where the validated
definition of ACLF was used, only alcohol-related cirrhotic patients
were included [5]. Whether selecting exclusively severely ill
patients, patients with acute viral infections or alcoholic disease
may have an impact in inflammatory markers is unknown, hence
these results are difficult to generalize. Furthermore, most previous
studies considered stable cirrhosis or chronic viral hepatitis as con-
trol groups; since immune system alterations are present even in
early stages of cirrhosis, a healthy control group becomes neces-
sary to accurately assess the magnitude of cytokine involvement.

In the present study we aim to describe a broad spectrum of
serum cytokine levels between healthy controls, stable cirrhosis,
and cirrhotic patients with an acute decompensating event with
or without the development of ACLF (according to the CANONIC
definitions [3]). In addition, we will explore whether any of the
measured cytokines is associated with cirrhosis severity and
prognosis in ACLF patients.
2. Patients and methods

2.1. Study groups

Patients were enrolled from October 2013 to May 2014 in
peripheral wards or the Intensive Care Unit of the Dr. Francisco J.
Muñiz and Dr. Carlos B. Udaondo Hospitals, located in the city of
Buenos Aires, Argentina.

Forty-nine decompensated cirrhotic patients were included.
The diagnosis of cirrhosis was based on previous liver biopsy,
transient elastography (Fibroscan�) results, or a composite of clin-
ical signs and findings provided by laboratory test, endoscopy, and
radiologic imaging. Informed written consent was obtained from
patients or their legal surrogates before enrollment. The Clinical
Research Committee of the Hospitals approved the study, in
accordance with the Declaration of Helsinki.
2.2. Inclusion criteria

Patients hospitalized for at least 1 day who had an acute
decompensating event (AD) of cirrhosis were screened; defined
by the acute development (within the last two weeks) of a first
episode or new episode of ascites grade II or III according to the
International Ascites Club; hepatic encephalopathy (acute change
in mental status in a patient with previous normal consciousness
and no evidence of neurological disease); gastrointestinal hemor-
rhage (upper and/or lower gastrointestinal bleeding of any etiol-
ogy); any type of acute bacterial infection or any combination of
these. Patients who developed AD for the first time as well as those
with a prior history of AD (one or more episodes) who had recov-
ered after specific treatment were enrolled.

Patient’s data regarding acute decompensating events, active
alcohol consumption (more than 140 g/week in women and more
than 210 g/week in men), physical examination and laboratory
measurements were collected.

Enrolled decompensated cirrhotic patients were divided into
two groups. The first group included patients who fulfilled the
definition of acute on chronic liver failure (ACLF) at enrollment
or during the following seven days. The second group included
patients that did not develop organ failure during the same period
of time.

The definition of ACLF was extracted from the CANONIC study
[3] (detailed in the definitions section). The seven day cut off point
to define ACLF was considerably shorter than the adopted in the
CANONIC study; this time frame was arbitrarily selected to try to
avoid alterations in cytokine values due to medical treatment/
interventions.

2.3. Control groups

Two control groups were included. The fist was a healthy
control group (HC) conformed by adult volunteers (ages between
18 and 65 years old) without known acute or chronic illnesses.
The second was a stable cirrhosis control group (SC), conformed
by Child – Pugh A cirrhotic patients that attended for a routine
check-up (without any decompensating event reported in the last
6 months such as ascites, hepatic encephalopathy, bacterial infec-
tion, variceal bleeding, neoplastic or autoimmune comorbidities
declared) and were asked to participate.

2.4. Exclusion criteria

Patients were excluded if they were pregnant, were younger
than 18 years old, had acute liver failure without liver cirrhosis
or were cirrhotic patients admitted in the hospital for a pro-
grammed procedure such as endoscopic ligation, a surgical proce-
dure (TIPS) or therapeutic paracentesis for refractory ascites,
cirrhotic patients that develop acute decompensation in the post-
operative period after a partial hepatectomy, requiring hemodialy-
sis, had hepatocarcinoma, severe extra-hepatic diseases (chronic
renal insufficiency, decompensated cardiac insufficiency, severe
obstructive pulmonary disease, psychiatric disorders); hepatic
autoimmune conditions (primary biliary cirrhosis, autoimmune
hepatitis, primary sclerosing cholangitis) immunosuppressive
treatment with the exception of steroid therapy in alcoholic hep-
atitis, HIV infection, patients unable to give consent, medical team
in disagreement to offer intensive care treatment if necessary.

The cut-off points for organ failure and the Clif-SOFA score used
to define acute on chronic liver failure (ACLF) were extracted from
the prospective multicenter study performed by the CANONIC
study [3]; the following definitions were considered:

– Decompensated cirrhotic patients without the development of
acute-on chronic liver failure (non-ACLF): patients that suffered
an AD without organ failure, with a single organ failure (exclud-
ing kidney failure) with serum creatinine levels below 1.5
mg/dL and no hepatic encephalopathy; and patients with single
cerebral failure with serum creatinine level below 1.5 mg/dL.

– Decompensated cirrhotic patients with acute on chronic liver
failure (ACLF): patients that suffered an AD with latter develop-
ment of single kidney failure; with a single organ failure other
than kidney and serum creatinine levels higher than 1.5
mg/dL and/or mild to moderate hepatic encephalopathy;
patients with single cerebral failure and serum creatinine levels
higher than 1.5 mg/dL. Patients with two or more organ failures
were also included in this group.

2.5. Blood extraction and sample management

A venous blood extraction was performed at admission for
leukocyte count and cytokine measurement in cirrhotic patients
with an AD. Extraction was performed in the cirrhotic control
group patients when attending routine clinical checkup, and
healthy control samples were selected from healthy volunteers.
All decompensated cirrhotic patients were included during the first



Table 1
Main function and characteristics of evaluated cytokines.

Cytokines Predominant
function

Main characteristics

IL-1b Pro-
inflammatory

It is considered an acute phase reactant; as an
endogenous pyrogen it is associated with fever,
inflammation, tissue destruction and
occasionally even shock and death [31]

IL-2 Pro-
inflammatory

Involved in proliferation, survival and
differentiation of CD4 and CD8 T cells; also
related to proliferation and enhanced cytokine
production of B cells, natural killers and
neutrophils [32]

IL-4 Anti-
inflammatory

Promotes Th2 lymphocyte development and
inhibits LPS-induced pro-inflammatory cytokine
synthesis [33]

IL-5 Pro-
inflammatory

Involved in the regulation of eosinophil
maturation, recruitment and survival [34]

IL-6 Pro-
inflammatory

Involved in the regulation of the acute-phase
response to injury and infection. In the initial
phase of innate immune response it mediates
chemo-attraction of neutrophils, in latter phases
stimulates monocyte recruitment [35]

IL-7 Pro-
inflammatory

Promotes T cell differentiation, survival, and
homeostasis. In humans, IL-7 and its receptor
(IL-7R) are increased in diseases characterized
by inflammation such as psoriasis and multiple
sclerosis [36]

IL-8 Pro-
inflammatory

Produced under conditions of inflammatory
stimulation; it induces migratory and
phagocytic activity in neutrophils and promotes
angiogenesis [30,37]

IL-10 Anti-
inflammatory

Inhibits monocyte/macrophage and neutrophil
cytokine production and also promotes a shift of
Th1-phenotype to T2 in T lymphocytes [33]

IL-12 Pro-
inflammatory

Induces the production of IFN-c, favors the
differentiation of T helper 1 cells and constitutes
a link between innate and adaptive immunity
[38]

IL-13 Anti-
inflammatory

Potent suppressor of expression of cytokines in
monocyte/macrophages [33]

IL-17 Pro-
inflammatory

Promotes expansion and recruitment of innate
immune cells such as neutrophils, and also
cooperates with TLR ligands, IL-1 beta, and TNF
alpha to enhance inflammatory reactions [39]

IFN-c Pro-
inflammatory

Promotes NK cell activity and Th1 differentiation
by upregulating the transcription factor T-bet
[40]

G-CSF Pro-
inflammatory

Influences the survival, proliferation and
differentiation of all cells in the neutrophil
lineage and impacts the function of mature
neutrophils [41]

GM-CSF Pro-
inflammatory

Induces granulocyte and macrophage
populations from precursor cells. It is also
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72 h of hospital admission, and blood samples for cytokine analysis
were collected at admission. The rest of laboratory parameters
were collected at admission and at day 7. The Clif-SOFA score
was calculated at admission and at day 7, and patients were
divided according to their score results in the ACLF and non-ACLF
group.

2.6. Cytokines analysis

The Bio-Plex 200 system with HTF (Bio-Rad, Hercules, CA) was
used to evaluate the sera from a total of 77 individuals (n = 18
ACLF, n = 31 non-ACLF, n = 14 HC, n = 14 SC). The levels of the fol-
lowing cytokines were assessed: IL-1b, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12, IL-13, IL-17, IFN-c, G-CSF, GM-CSF, TNF-a, MIP-
1b and MCP-1. Their main function and characteristics of each
cytokine included are detailed in Table 1. The assays were repeated
and our data was replicated. The cytokine analysis was performed
using the Bio-Plex Pro Human Cytokine 17-plex Assay (Bio-Rad,
Hercules, CA). Briefly, the assay was performed at a serum dilution
of 1:4 and 50 ll were added to each well. Mixed micro-beads
(50 ll) were added, and the plate was incubated and agitated for
30 min, washed and re-incubated with 25 ll of detection antibody
for 30 min. The plate was washed again and incubated with 50 ll
of Streptavidin–Phycoerythrin for 10 min. The plate was then
washed twice and the beads were re-suspended in the plate with
125 ll assay buffer and analyzed using the Bio-Plex 200 system.
The readout for the concentration of each cytokine was detected
as mean fluorescence intensity (MFI) by the instrument. These val-
ues were subsequently converted to pg/ml of cytokine based upon
the MFI values from a set of standards that were run simultane-
ously in the assay.

2.7. Statistical analysis

Data was collected using a standardized case report form.
Results are showed in percentages, mean and standard deviation
for normally distributed data and in median and Q1–Q3 intervals
for non-normal distributed data. Univariate analysis was per-
formed with: chi-square, t student test for paired and unpaired
data and for non-parametric test Mann–Whitney or Kruskal Wallis
was used depending on the number of groups evaluated. To
analyze the correlation between quantitative variables with non-
normal distribution, Spearman rank correlation was used. Statisti-
cal analysis was performed with Infostat, Universidad Nacional de
Córdoba. In all analysis the significance levels were set at p < 0.05.
capable of T-cell activation through various
myeloid intermediaries [42]

TNF-a Pro-
inflammatory

It is considered an acute phase reactant; as an
endogenous pyrogen it is able to induce fever,
apoptotic cell death, cachexia, inflammation and
to inhibit tumorigenesis and viral replication
[43]

MIP-1b Pro-
inflammatory

Chemotactic for monocytes and lymphocytes;
may have a role in regulating hematopoiesis and
stimulating production of L-1, TNF alpha, and
histamine [44]

MCP-1 Pro-
inflammatory

Key chemotactic factor for monocytes, also
involved in monocytes/macrophages infiltration
[45]
3. Results

During the study screening period, a total of 77 subjects were
enrolled; 49 were cirrhotic patient with an AD, 18 (36.7%)
developed ACLF (15 patients at admission and 3 patients during
the following week). Of the remaining 28 included subjects, 14
were enrolled in the SC group and 14 in the HC group.

3.1. Demographic and clinical characteristics

Demographic characteristics of all studied groups (HC, SC, ACLF
and non-ACLF) are detailed in Table 2; as well as clinical and bio-
chemical characteristics of patients included in the SC, ACLF and
non-ACLF groups. Patients in all groups were comparable regarding
sex and age; they were predominantly male and middle-aged
(despite the fact healthy control patients were younger; the differ-
ence did not reach statistical significance). Regarding cirrhosis eti-
ology, the SC group was mainly composed by patients with chronic
HCV infection (92.8%) whereas the majority of patients in the both
the ACLF and non-ACLF group had alcohol-related cirrhosis (55.5%
and 38.8% respectively). Although there was a significant differ-
ence in cirrhosis etiology between all three groups (p < 0.001),
when only ACLF and non-ACLF patients were compared, the differ-
ence did not reach statistical significance (p = 0.34). The occurrence
of previous decompensating events was similar in all three groups
of cirrhotic patients included (p = 0.31).



Table 2
Clinical and biochemical characteristics of stable cirrhotic patients and decompensated cirrhotic patients with and without ACLF.

Characteristics Healthy controls (n = 14) Stable cirrhosis (n = 14) With ACLF (n = 18) Without ACLF (n = 31) P value

Age (years) 38 (34–60) 54 (44–59) 54 (47–59) 50 (45–58) 0.41
Sex (male) 64.2% 78.6% 94.4% 90.3% 0.08
Ascites (present) 0% 0% 66.6% 77.4% <0.001

Cause of cirrhosis
Alcohol – 7.2% (n = 1) 55.5% (n = 10) 38.8% (n = 12) <0.001
HCV – 92.8% (n = 13) 27.8% (n = 5) 35.5% (n = 11)
Alcohol + HCV – 0% 0 9.6% (n = 3)
Other causes – 0% 16.7% (n = 3) 16.1% (n = 5)

Potential precipitating events
Bacterial infection – – 41.1% (n = 7) 45.1% (n = 14) 0.79
Alcohol consumption – – 23.5% (n = 4) 12.9% (n = 4) 0.34
Gastrointestinal bleeding – – 5.88% (n = 1) 12.9% (n = 4) 0.44
Other precipitating event – – 11.7% (n = 2) 6.4% (n = 2) 0.52
Unknown precipitating event – – 17.6% (n = 3) 22.5% (n = 7) 0.68

Biochemical features
Leukocyte count (�109/L) – – 9.8 (±4) 7.7 (±3.7) 0.046
Platelet count (�109/L) – – 160 (100–198) 138 (80–163) 0.25
Serum sodium (mg/dL) – – 128 ± 8.5 127 ± 24 0.26
C-reactive protein (ULN) – – 3.88 (1.2–9)a 1.37 (1–2)b 0.23

Other features
Child Pugh A stage – 100% (n = 14) 0% 0% <0.001
Child Pugh B stage – 0% 38.9% (n = 7) 54.8% (n = 17)
Child–Pugh C stage – 0% 61.1% (n = 11) 45.2% (n = 14)
MELD score at admission (mean and SD) – – 24 ± 5 15 ± 5 <0.001
Clif-SOFA score at admission (mean and SD) – – 8 ± 3 4.5 ± 2 <0.001
Clif-SOFA score at day 7 (mean and SD) – – 8 ± 4.5 3 ± 2 <0.001
With previous decompensating event – 42.8% (n = 6) 66.6% (n = 12) 64.5% (n = 20) 0.31
Short term mortality (three-months) 0% (n = 14) 0% (n = 14) 57,1% (n = 14) 0% (n = 19) <0.001

Note: data is expressed in percentage, median and interval Q1–Q3, mean and standard deviation. C-reactive protein is expressed in times above the upper limit of normal
(ULN).

a Data available in 9 patients.
b Data available in 18 patients.

Table 3
Cytokine distribution in healthy patients, stable cirrhotic and decompensated cirrhotic patients with and without development of acute-on-chronic liver failure.

Cytokine distribution Healthy control group (n = 14) Stable control group (n = 14) Non-ACLF group (n = 31) ACLF group (n = 18)

IL-1 (pg/ml) Median (range) 0 (0–0.05) 0 (0–7.32) 0 (0–5.58) 0 (0–0.42)
IL-2 (pg/ml) Median (range) 0 (0–0) 0 (0–101.61) 0 (0–352.8) 0 (0–4.51)
IL-4 (pg/ml) Median (range) 0 (0–0) 0 (0–1.75) 0 (0–6.57) 0 (0–0.28)
IL-5 (pg/ml) Median (range) 0 (0–0.27) 0.565 (0.36–4.61) 0.225 (0–17.03) 0 (0–2.76)
IL-6 (pg/ml) Median (range) 0 (0–1.54) 1.3 (0–156.61) 14.2 (0–435.77) 18.51 (2.37–988.85)
IL-7 (pg/ml) Median (range) 0 (0–2.13) 4.035 (0.32–58.47) 2.67 (0.57–30.75) 1.01 (0–10.13)
IL-8 (pg/ml) Median (range) 2.92 (0–114.35) 8.48 (4.44–14.95) 23.24 (1.42–246.63) 54.95 (0–695.69)
IL-10 (pg/ml) Median (range) 0 (0–0.19) 3.635 (0–329.82) 3.05 (0–87.17) 0 (0–13.58)
IL-12 (pg/ml) Median (range) 0.12 (0–1.22) 6.12 (0–193.56) 6.4 (0–217.24) 0.31 (0–39.85)
IL-13 (pg/ml) Median (range) 0 (0–0) 0 (0–19.22) 0.96 (0–37.05) 0 (0–2.06)
IL-17 (pg/ml) Median (range) 0 (0–0) 0 (0–34.39) 0 (0–368.55) 0 (0–9.61)
MCP-1 (pg/ml) Median (range) 9.605 (0–38.91) 19.61 (0–60.96) 19.35 (0–753.7) 2.195 (0–89.97)
IFN-c (pg/ml) Median (range) 0 (0–12.04) 0 (0–481.35) 2 (0–7741.1) 0 (0–101.8)
TNF-a (pg/ml) Median (range) 0 (0–0.45) 2.18 (0–112.48) 1.36 (0–127.87) 0 (0–8.09)
G-CSF (pg/ml) Median (range) 0 (0–4.44) 2.24 (0–21.67) 4.36 (0–580.38) 1.08 (0–18.14)
GM-CSF (pg/ml) Median (range) 0 (0–0) 0 (0–41.34) 0 (0–292.19) 0 (0–0)
MIP-1b (pg/ml) Median (range) 52.395 (21.75–135.51) 135.71 (98.17–285.42) 70.47 (0–604.88) 71.42 (0–291.47)

Note: Non-ACLF: decompensated cirrhotic patients without the development of acute-on-chronic liver failure. ACLF: acute-on-chronic liver failure.
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When evaluating AD, overt bacterial infections were more fre-
quent in both ACLF and non-ACLF groups (41.1% and 45.1% respec-
tively, p = 0.79). Biochemical variables were evaluated in ACLF and
non-ACLF patients; only leukocyte count was significantly higher
in the ACLF group when compared to the non-ACLF group
(p = 0.046).

3.2. Prognostic scores and survival

Patients in the SC group were all included in stage A of
the Child–Pugh score; decompensated cirrhotic patients were
similarly distributed between stage B (ACLF group 38.9% and
non-ACLF group 54.8%) and stage C of the Child Pugh score
(ACLF group 61.1% and non-ACLF group 45.2%, p = 0.28). In the
univariate analysis, mean values of prognostic scores (MELD at
admission and Clif-SOFA at admission and at day 7) were signifi-
cantly higher in the ACLF group (p < 0.001). Survival information
was available in all the HC and SC patients, with no deaths regis-
tered in a three month period since enrollment. In the ACLF group,
short term survival information was available in 78% of patients
(n = 14) reaching 57% three-month mortality rate; whereas in the
non-ACLF group (follow up information available in 61% of
patients; n = 19), no deaths were registered in this follow-up
period.



M. Dirchwolf et al. / Cytokine 77 (2016) 14–25 19
3.3. Comparison of cytokine values

The study compared the serum levels of 17 cytokines in the four
groups of subjects included: decompensated cirrhotic patients
with ACLF (n = 18), non-ACLF (n = 31), SC (n = 14) and HC
(n = 14). Median and total range values of all studied cytokines in
each study group are shown in Table 3, whereas its univariate
analysis is presented in Fig. 1.

3.4. Stable cirrhotic control group

When compared to HC, patients in the SC group displayed
significantly higher values of an anti-inflammatory cytokine:
IL-10, (p < 0.001); and several pro-inflammatory cytokines: IL-6,
(p < 0.05); IL-7, (p < 0.001); IL-12, (p < 0.05); TNF-a, (p < 0.001);
G-CSF, (p < 0.05) and MIP-1b, (p = 0.005). In the remaining ten
cytokines analyzed, no significant differences with the HC group
were observed.

3.5. Decompensated cirrhotic patients without the development of
ACLF

When compared to HC, patients in the non-ACLF group
displayed significantly higher values of the following cytokines:
IL-7, (p < 0.001); IL-10, (p < 0.001); IL-12, (p = 0.001); TNF-a,
(p < 0.001) and G-CSF, (p = 0.001). Cytokines with significantly
higher values when compared with SC were IL-6, (p < 0.05); IL-8,
(p < 0.01) and MIP-1b (p < 0.05). Cytokines with significantly
higher values only in comparison with the ACLF group were
MCP-1 (p = 0.04) and IFN-c (p = 0.04). Finally, in the remaining
seven cytokines, no significant differences with other groups were
observed.

3.6. Decompensated cirrhotic patients with the development of ACLF

When compared to the non-ACLF group, ACLF patients dis-
played significantly lower values of several cytokines: IL-7,
(p < 0.01); IL-10, (p < 0.01); IL-12, (p = 0.01); TNF-a, (p < 0.05);
MCP-1 (p < 0.05) and IFN-c (p = 0.04). G-CSF is displayed in the
same pattern with a trend towards significance (p = 0.06). All the
aforementioned cytokines did not differ significantly with the val-
ues expressed by the HC group. Two pro-inflammatory cytokines,
IL-6 and IL-8, showed a sustained response with significantly
higher values in the ACLF group when compared to the SC group
(p = 0.01 and p = 0.001 respectively). Finally, in the remaining
seven cytokines, no significant differences with other groups were
observed.

3.7. Cytokine distribution and cirrhosis etiology

In decompensated cirrhotic patients, cirrhosis etiology was
mainly represented by hepatitis C and alcohol-related cirrhosis.
In order to evaluate its influence in cytokine expression, cytokines
with significant differences between at least two groups in the uni-
variate analysis performed in the whole population studied (IL-6,
IL-7, IL-8, IL-10, IL-12, G-CSF, MCP-1, IFN-c and TNF-a) were
divided according to the underlying etiology of cirrhosis, hepatitis
C or alcohol-related, and analyzed in the non-ACLF and ACLF
groups separately in Table 4. As shown, there were no significant
differences in cytokine distribution when stratified by cirrhosis
cause in these two groups.

3.8. Cytokine distribution and bacterial infections

In both groups of decompensated cirrhotic patients, bacterial
infectionswere themost frequently reported acute decompensating
events. When we compared cytokines with significant differences
between at least two groups in the univariate analysis performed
in the whole population studied (IL-6, IL-7, IL-8, IL-10, IL-12,
G-CSF,MCP-1, IFN-c andTNF-a) in non-ACLF andACLFpatientswith
and without bacterial infections, only IL-6 in the ACLF group was
significantly higher in infected patients as opposed to other
decompensating events (Table 5); in the remaining evaluated
cytokines no statistical differences were observed.

3.9. Non-secretor phenotype

When evaluating each cytokine pattern individually, patients
with similar values to healthy controls were detected distributed
among all study groups (SC, non-ACLF and ACLF). In order to eval-
uate whether these patients shared similar features, we defined a
subgroup denominated ‘‘non-secretors” for further analysis. The
number of cytokines with similar values to healthy controls was
quantified in every patient included in the SC, non-ACLF and ACLF
groups. The median number of cytokines with concordance with
healthy controls in the whole population of cirrhotic patients
was 8; therefore we considered patients to be ‘‘non-secretors” if
they had P8 cytokines with similar values to HC. The analysis of
patients according to their cytokine secretion phenotype and clin-
ical characteristics is shown in Table 6. None of the demographic,
clinical features or outcome were related to this ‘‘non-secretor”
phenotype.

3.10. Cirrhosis severity and short-term survival

Cirrhosis severity was measured quantitatively by the MELD
score at admission and the Clif-SOFA score at admission and at
day 7 of hospitalization. When evaluating the correlation of
cytokine values with MELD score, IL-6 and IL-8 showed a positive
correlation (rho = 0.42; p < 0.01 and rho = 0.31; p < 0.05 respec-
tively). Regarding Clif-SOFA at admission, IL-2 showed a negative
correlation with this prognostic score (rho = �0.37). Finally, when
considering Clif-SOFA score at day 7, IL-6 had a positive correlation
(rho = 0.33; p < 0.05). When compared to all three prognostic
scores, leukocyte count had a positive correlation (MELD score,
rho = 0.46; p < 0.01, Clif-SOFA at admission, rho = 0.35; p < 0.05
and Clif-SOFA at day 7, rho = 0.36; p < 0.05) whereas IFN-c
depicted a negative correlation with severity (MELD score,
rho = �0.33; p < 0.05; Clif-SOFA at admission, rho = �0.34;
p < 0.05 and Clif-SOFA at day 7, rho = �0.32; p < 0.05).

Short term survival information was available in 74.6% of
cirrhotic patients (n = 47); 8 deaths were reported (12.7%), all of
them corresponding to patients in the ACLF group. In a univariate
analysis that evaluated the association of short-term mortality
with cytokine distribution and prognostic scores (Child–Pugh,
MELD and Clif-SOFA score at admission and day 7), only MELD
score at admission (p = 0.03), Clif-SOFA score at admission
(p = 0.001) and at day 7 (p = 0.003) were found to be significantly
higher in patients who died.
4. Discussion

Our study is based on the recently published definition of ACLF
by the CANONIC study [3], the first large multicenter, prospective
study that offered an ‘‘evidence-based” definition of this syndrome.
Similarly to previously reported, in the present study the preva-
lence of ACLF in decompensated cirrhotic patients admitted to
the hospitals represented approximately one third of the total.
Patients in this group were mainly males, active drinkers and
had alcoholic cirrhosis, even though without statistical significance
compared to those patients who did not developed ACLF. When



Fig. 1. Cytokine distribution in all study groups: healthy control group (HC), stable cirrhosis control group (SC), decompensated cirrhotic patients without the development of
acute on chronic liver failure (non-ACLF) and decompensated cirrhotic patients with acute on chronic liver failure (ACLF). Note: in order to display the results in a logarithmic
scale, the value 0 in the y axis is replaced by 0.1. p global (pg) Kruskal–Wallis are shown in graphics. ⁄: p < 0.05; ⁄⁄: p < 0.01; ⁄⁄⁄p < 0.001.

20 M. Dirchwolf et al. / Cytokine 77 (2016) 14–25



Fig. 1 (continued)

M. Dirchwolf et al. / Cytokine 77 (2016) 14–25 21
evaluating biochemical features, leukocyte count was significantly
higher in ACLF patients, as previously reported. Regarding out-
come, three-month mortality rate in the ACLF group reached
57%, significantly higher to other cirrhotic groups. This survival
rate does not differ from the reported in the CANONIC study, with
slightly lower mortality in the non-ACLF group (probably due to
lost to follow up of almost 40% patients). These similarities in clin-
ical features and short-term survival support the hypothesis that
our study groups are comparable to those described in this larger
cited study.

The key observations made in our paper are that pro-
inflammatory cytokines and chemo-attractant elements are
increased in cirrhosis in comparison with controls, and display
higher values concomitantly with cirrhosis progression. Although
ACLF patients seem to have preserved a chemo-attractant function
for leukocytes and acute phase reactant protein synthesis, as sug-
gested for sustained IL-6 and IL-8 values found, other leukocyte
growth and attractant factors, pro and anti-inflammatory cytoki-
nes (IL-7, IL-10, IL-12, MCP-1, IFN-c, TNF-a, G-CSF) displayed sig-
nificantly decreased levels in this subset of patients, compatible
with an inappropriate immune response.

Several studies have established that in advanced cirrhotic
patients, especially when clinically significant portal hypertension
is present, a state of permanent inflammatory activation exists and
is associated with a negative outcome in patient prognosis [16,17].
This is thought to be secondary to translocation of bacteria; a
phenomenon predisposed by malnutrition, altered enteric flora
species and bacterial overgrowth (dysbiosis), increased bowel
stasis, altered gut permeability and decreased mucosal defense
mechanisms. But not only bacteria, also bacterial products



Table 4
Cytokine distribution according to cirrhosis etiology in non-ACLF and ACLF patients.

Non-ACLF group (n = 23) ACLF group (n = 15)

Cytokines HCV (n = 11) Alcohol (n = 12) p HCV (n = 5) Alcohol (n = 10) p

IL-6 (pg/ml) 14.2 (3.8–28) 4.9 (2.6–38) 1 12 (11.7–18) 17.5 (3.3–30) 1
IL-7 (pg/ml) 2.6 (0.8–3.8) 3.9 (2.3–10.6) 0.18 0.57 (0.3–1) 1 (0.3–1.9) 0.7
IL-8 (pg/ml) 24.8 (8.2–64.2) 18.6 (10.2–46) 0.9 31 (4.9–54.6) 57 (10.9–97) 0.28
IL-10 (pg/ml) 3.33 (0–25) 7 (0.6–21.7) 0.62 0 (0–3.4) 0 (0–0.9) 0.66
IL-12 (pg/ml) 2.3 (0.2–53.1) 11.5 (2.8–33) 0.62 0 (0–9.2) 0.3 (0–3.9) 0.9
G-CSF (pg/ml) 2.4 (0–31.9) 10 (4.3–22.8) 0.09 0.4 (0–1) 1 (0–4.3) 0.46
MCP-1 (pg/ml) 17.5 (8.7–26) 16.1 (9.1–23.8) 0.93 2.6 (0–31) 7.8 (0–11) 0.9
IFN-c (pg/ml) 1 (0–15.3) 8.6 (0–69.1) 0.67 0 0 0.9
TNF-a (pg/ml) 0 (0–24.2) 2 (1.3–12.6) 0.16 0 0 (0–3.5) 0.7

Note: Only cytokines with significant differences between at least two groups in univariate analysis were included. Patients with cirrhosis due to hepatitis C and alcohol
combined (n = 3) were excluded, as well as patients with other etiologies (n = 8). Values are expressed in median an Q1–Q3. Non-ACLF: decompensated cirrhotic patients
without the development of acute-on-chronic liver failure. ACLF: acute-on-chronic liver failure.
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(lipopolysaccharides) generate a continuous inflow of pathogen-
associated molecular products (PAMPs) that sustain systemic
inflammation [11,18–20]. However, this permanent inflammatory
state has also been described in compensated cirrhosis, though in
a lesser degree. In this scenario, damage associated molecular pat-
terns (DAMPs) are thought to be originated from hepatocellular
injury, thus causing sterile inflammation [11,21]. These theories
could explain our findings in stable cirrhotic patients, who showed
higher levels of pro-inflammatory cytokines (IL-6, TNF alpha, IL-7,
IL-5, IL-12), other chemo-attractant elements such as MCP-1, IL-8
and anti-inflammatory cytokines such as IL-10 compared with
healthy subjects, without any evidence of overt infection. It is
important to note than almost half of them had clinical signs of
portal hypertension (treatment for esophageal varices or previous
history of hepatic encephalopathy and ascites) and therefore
would qualify as advanced cirrhotic patients. Furthermore, the fact
that bacterial infections as precipitating events had also no impact
in cytokine levels when compared to non-infected patients could
also be explain by the alternative sterile triggers or DAMPs theory
as cause of systemic inflammation in compensated cirrhosis [11].

Regarding pathogenic theories of advanced cirrhosis, in a
review by Albillos et al. it has been proposed that cirrhosis-
associated immune dysfunction (CAID) encompasses acquired
immunodeficiency and systemic inflammation phenotypes in a
dynamic fashion; the expression of each depending on disease
stage, extent of liver injury and presence of environmental
stimulation [11]. Initially, due to the continuous activation of the
immune system caused by bacteria and bacterial products
translocation (PAMPs) originated in the gut, decompensated cir-
rhosis exhibits a predominantly ‘‘pro-inflammatory” phenotype,
with augmented production and increased serum levels of
pro- and anti-inflammatory cytokines [11,22]. Our findings are in
Table 5
Cytokine distribution according to bacterial infections as acute decompensating event in n

Non-ACLF group (n = 31)

Cytokines Bacterial Infection (n = 14) Other decompensating event (n = 17)

IL-6 (pg/ml) 19.1 (5.9–64) 14.2 (3.5–24.6)
IL-7 (pg/ml) 2.4 (1.4–4.1) 3.7 (1.9–7.7)
IL-8 (pg/ml) 24 (10.2–56.4) 34.7 (10.2–73)
IL-10 (pg/ml) 3 (0–14.5) 5 (0–27.6)
IL-12 (pg/ml) 7.4 (0.4–16.7) 5 (0.89–35)
G-CSF (pg/ml) 3.7(1–31.9) 7.9 (0.88–19.6)
MCP-1 (pg/ml) 23.8 (15–26.2) 15.7 (9.1–21)
IFN-c (pg/ml) 0 (0–2) 15.3 (0–69)
TNF-a (pg/ml) 0.3 (0–14.3) 2 (0.6–10.5)

Note: Only cytokines with significant differences between at least two groups in univari
decompensated cirrhotic patients without the development of acute-on-chronic liver fa
concordance with this theory; in our cohort of non-ACLF patients,
pro-inflammatory and anti-inflammatory cytokines IL-7, IL-10, IL-
12, TNF-a and chemo-attractant markers MCP-1 and G-CSF were
significantly higher than in HC and similar to SC. Greater inflam-
matory activation concomitant with cirrhosis progression could
explain the significantly higher levels of IL-6, IL-8 and IFN-c in
non-ACLF patients when compared to SC. The non-ACLF group
was the only one found capable of secreting IFN-c, possibly depict-
ing a still functioning response to excessive inflammatory media-
tors [11]. Elevated levels of IFN-c have been extensively reported
in different clinical scenarios of cirrhotic patients; higher levels
of serum IFN-c have been describe in hepatitis-B related cirrhosis
[23] when compared to healthy controls, as well as in decompen-
sated cirrhotic patients with massive ascites in comparison with
cirrhotic patients without ascites [24], suggesting an association
with disease severity. However, when considering septic patients,
IFN-c has revealed an inverse relationship with the severity of sep-
sis, both in human and murine subjects [25,26]. Since the immune
system compromise present in ACLF has been compared to the
‘‘immune paresis” observed in sepsis, we believe this pathogenic
scenario may explain the elevated levels of IFN-c in non-ACLF
patients followed by significantly lower levels in the ACLF group.

In ACLF, the final stage of advanced cirrhosis, a phenomenon
known as endotoxin tolerance is proposed to occur. Endotoxin
tolerance is defined as a reduced responsiveness to a lipopolysac-
charide challenge following a first encounter with an endotoxin;
it involves the participation of macrophages and subsequent
down-regulation of several pro-inflammatory cytokines. Endotoxin
tolerance occurs in order to protect against a lethal challenge of
bacterial products and to prevent infection and ischemia–reperfusion
damage and related mortality. Despite the fact that this immune
alteration may have a physiological role in some settings and
on-ACLF and ACLF patients.

ACLF group (n = 18)

p Bacterial infection (n = 7) Other decompensating event (n = 11) p

0.34 35.6 (12–84.8) 16.2 (3.3–23.7) 0.02
0.34 1.45 (0.3–2.2) 1 (0.3–2.4) 0.82
0.86 54.6 (4.9–59.9) 78 (10.9–145) 0.16
0.52 0 0 (0–0.9) 0.38
0.72 0 (0–2.1) 0.4 (0–6.9) 0.49
0.93 0.2 (0–15.3) 1 (0–4.3) 0.91
0.12 4.4 (0–12.6) 9.5 (0–31) 0.29
0.25 0 0 (0–15.3) 0.58
0.34 1.36 (0–7.5) 0 0.17

ate analysis were included. Values are expressed in median and Q1–Q3. Non-ACLF:
ilure. ACLF: acute-on-chronic liver failure.



Table 6
Characteristics of cirrhotic patients according to their cytokine secretor phenotype.

Stable cirrhotic patients (n = 14), non-ACLF patients (n = 31) and ACLF patients
(n = 18)

Characteristics Cytokine secretor
phenotype (n = 29)

Cytokine non-secretor
phenotype (n = 34)

p

Sex (male) 25 (86%) 31 (91%) 0.53
Age (years) 49 ± 12 53 ± 9 0.13

Cirrhosis etiologya

Hepatitis C 12 (41.3%) 17 (58.6%) 0.64
Alcohol 11 (47.8%) 12 (52%)

Precipitating event
Bacterial

Infection
(n = 21)

9 (31%) 12 (35.2%) 0.72

Other (n = 42) 20 (68.7%) 22 (64.7%)

Study group distribution
Stable cirrhosis

(n = 14)
7 (24.2%) 7 (20.6%) 0.17

Non-ACLF
(n = 31)

17 (58.6%) 14 (41.2%)

ACLF (n = 18) 5 (17.2%) 13 (38.2%)
Three-month

mortality
2 (10.5%) 6 (21.4%) 0.44

Note: Patients with P8 cytokines with similar values to healthy controls were
considered non-secretors. Non-ACLF: decompensated cirrhotic patients without the
development of acute-on-chronic liver failure. ACLF: acute-on-chronic liver failure.

a The combination of hepatitis C and alcohol (n = 3) or other etiologies (n = 8)
were not included.

M. Dirchwolf et al. / Cytokine 77 (2016) 14–25 23
represent a protective response against an overwhelming dysregu-
lation of the pro-inflammatory process, it has also been associated
with an increased risk of infection and related mortality [27]. This
‘‘immune deficient phenotype” [11,28] has also been suggested by
findings of Wasmuth et al., demonstrating a reduced ex vivo TNF-a
secretion and monocyte HLA-DR expression with elevated levels of
IL-6 and IL-10 in patients with acutely decompensated cirrhosis
compared to subjects with stable cirrhosis, and comparable to
patients with severe sepsis; therefore defining this immune alter-
ation as a ‘‘sepsis-like” immune paralysis [7]. Other authors have
shown monocyte functional exhaustion leading to impaired patho-
gen clearance in acute liver failure and ACLF patients, or severe
functional failure of neutrophils in cirrhotic patients with alcoholic
hepatitis [8,10]. In this latter paper, circulating neutrophils were
shown not only to be primed in this cohort (which would suggest
good bactericidal function) but also activated, causing an inability
to generate further oxidative burst when presented to bacterial
challenge. The authors speculate this reversible neutrophil dys-
function could be the explanation for the paradox of increased
inflammation and simultaneous heightened risk of infection.

An excessive inflammatory profile has also been suggested as
the main pathogenic pathway in studies such as the CANONIC [3]
where the degree of inflammatory reaction estimated by the leuko-
cyte count was an independent predictor of post-enrollment devel-
opment of ACLF and ACLF-associated mortality. It is suggested that
an excessive inflammatory response may induce tissue damage
and organ failure, depending not only on the intensity of the
inflammatory response per se but also on the intrinsic capacity
of host organs to endure the effects of the inflammatory response.
Mehta et al. [5] selected a cohort restricted to alcoholic cirrhosis,
and also found that mean SIRS score, white cell count, C-reactive
protein, IL-6, IL-8, TNF-a and IL-10 were significantly higher in
the ACLF group compared with non-ACLF and stable cirrhotic
patients, which correlated with increased portal pressure, elevated
intrahepatic resistance and decreased liver blood flow. Although
the present study did not include the evaluation of cellular func-
tion, one crucial aspect of the innate immune response (circulating
cytokines) was evaluated in a more thorough approach. We found
that not only TNF-a excretion was lower in ACLF patients com-
pared to non-ACLF and SC and similar as healthy controls, but this
pattern was also present in most of the studied cytokines. The
compromise of cytokines with a predominant pro-inflammatory
function (Th1 and Th2 pathways) such as IL-5, IL-7, IL-12, IFN-c,
chemo-attractant molecules such as MCP-1 and a diminished
expression of anti-inflammatory cytokines such as IL-10 may rein-
force the concept of immune paresis, showing initially increased
levels in SC and non-ACLF patients compared to healthy controls,
with latter exhaustion when analyzing the ACLF group.

However, some of the evaluated cytokines such as IL-6 and IL-8
are displayed in an in-crescendo pattern, with lower values in
healthy controls and then escalating with higher values in the ACLF
group. IL-6 is known to provoke neutrophil movement and acute
phase reactant protein’s production by the liver, and IL-8 is a
strong chemo-attractant for neutrophils; therefore, these elevated
values could explain the higher leukocyte count and C-reactive
protein value detected in the ACLF group, despite the incapability
of these patients to develop a proper immune response. This
apparent opposite cytokine pattern could account for the contra-
dictory findings of previous studies and shed some light in the
pathophysiology of this syndrome.

When considering cirrhosis etiology, neither alcohol-related nor
viral hepatitis modified cytokine levels; this lack of influence of cir-
rhosis etiology in inflammation markers has already been reported
in the CANONIC study, where alcoholic versus non-alcoholic cir-
rhosis did not altered the leukocyte count or C-reactive protein val-
ues [3]. Regarding several patients depicting a ‘‘non-secretor”
phenotype, defined as having P8 cytokines with comparable val-
ues to healthy controls, no commonalities in demographic features,
cirrhosis etiology, decompensating event or outcome was detected,
thus discarding the theory of a patient subgroup based on cytokine
secretion.

The clinical relevance of analyzing cytokine involvement in dif-
ferent stages of cirrhosis exceeds better understanding cirrhosis
physiopathology; the identification of serum biomarkers also
allows improving current treatment strategies and even liver allo-
cation algorithms. As previously mentioned, cytokines have been
suggested as prognostic tools. In the study performed by Girón-
Gonzalez et al. that evaluated serum concentrations of IL-6, TNF-
a and its soluble receptors I–II as prognostic markers of disease
severity and mortality in cirrhotic patients, both IL-6 and TNF-a
were more elevated in advanced cirrhotic patients (Child Pugh
stage C vs Child A and B), whereas only TNF-R I was an indepen-
dent prognostic marker of mortality [14]. TNF soluble receptor
55 and IL-2 soluble receptor have also been found to positively cor-
relate with cirrhosis severity when patients were stratified in
Child–Pugh stages [29]; and IL-8 has also been found to signifi-
cantly increase in cirrhotic patients, particularly in end-stage liver
cirrhosis [30]. It should be stressed out that none of this studies
included patients with acute-on-chronic liver failure, the most
severe stage of decompensated cirrhosis. In our study, we found
a positive correlation of leukocyte count with cirrhosis severity,
as previously described by the CANONIC study [3], but also with
IL-6 and IL-8, similarly to previously mentioned studies in decom-
pensated cirrhosis. However, we found a negative correlation of
IL-2 and IFN-c; although these findings have not been reported
by other authors, low serum levels of IFN-c have been described
in severe sepsis, perhaps suggesting a parallelism with this
syndrome.

Only MELD and Clif-SOFA score portrayed a significant associa-
tion with short-term mortality; however, due to the small sample
size and short follow-up period, these results should be further
explored in larger prospective studies.
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Our study has several limitations; since it had an exploratory
design, the study size was small and although it was sufficient to
stablish a correlation between several cytokines and disease sever-
ity, it was probably underpowered to assess survival. Also, no cel-
lular functional analysis was performed, since we prioritized
studying a broad number of easily available biomarkers that could
be adopted in every day clinical practice.

In summary, when analyzing innate immune response in stable,
non-ACLF and ACLF cirrhotic patients from a cytokine-involvement
point of view, we found that systemic inflammation increases con-
comitantly with cirrhosis severity, portraying a pro-inflammatory
phenotype as described in the CAID syndrome. In ACLF an opposite
cytokine pattern was found, concordant with an acquired immun-
odeficient phenotype, but perhaps revealing a still conserved
chemo-attractant function for neutrophils. In the current search
for new biomarkers to improve prognostic scores, the identifica-
tion of several cytokines that showed correlation with disease
severity endorses the need for further research on its utility as
prognostic biomarkers.

Further analysis of the remaining components of innate
immune response, as well as validation of our findings in a larger
cohort are needed, but our data provide an alternative explanation
for the pathophysiology of this newly defined syndrome and may
be useful in the future for the improvement of prognostic tools
and therapeutic interventions.
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