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Background. Systemic inflammation with elevated inflammatory cytokines is a hallmark in patients with cirrhosis and the main
driver of decompensation. There is insufficient data on whether inflammatory cytokine levels differ between hepatic and jugular
veins, which may have implications for further immunological studies. Methods. Blood from the hepatic and jugular veins of 40
patients with cirrhosis was collected during hepatic venous pressure gradient (HVPG) measurements. Serum levels of 13 inflam-
matory cytokines (IL-1β, Int-α2, Int-γ, TNF-α, MCP-1, IL-6, IL-8, IL-10, IL-12p70, IL-17A, IL-18, IL-23, and IL-33) were
quantified by cytometric bead array. Results. Cytokine levels of IFN-α2, IFN-γ, TNF-α, IL-6, IL-8, IL-10, IL-17A, IL-18, IL-23,
and IL-33 were significantly elevated in patients with decompensated cirrhosis compared to patients with compensated cirrhosis.
When comparing patients with clinically significant portal hypertension (CSPH, HVPG≥ 10mmHg) to patients without CSPH,
there were significantly enhanced serum levels of IL-6 and IL-18 in the former group. There was no significant difference between
cytokine serum levels between blood obtained from the jugular versus hepatic veins. Even in subgroup analyses stratified for an
early cirrhosis stage (Child-Pugh (CP) A) or more decompensated stages (CP B/C), cytokine levels were similar. Conclusion.
Cytokine levels increase with decompensation and increasing portal hypertension in patients with cirrhosis. There is no relevant
difference in cytokine levels between hepatic and jugular blood in patients with cirrhosis.

1. Introduction

Cirrhosis is the end stage of chronic liver diseases and occurs in
response to chronic liver injury [1]. In cirrhosis the liver’s
cellular architecture is severely disorganized due to an excessive
amount of scare tissue, compromising its physiological func-
tion. Patients with cirrhosis have a high risk of life-threatening
complications including variceal bleeding, hepatic encephalop-
athy (HE), or even acute-on-chronic liver failure (ACLF) [2, 3].
These complications are mainly triggered by increasing

systemic inflammation due to inadequate immune response
to pathogens caused by bacteria or bacterial components [4, 5].

Nonsterile systemic inflammation occurs when sinusoidal
fibrosis impairs bacterial clearance by diminishing the expres-
sion of innate immune system proteins and pattern recognition
receptors (e.g., toll-like receptors), which in turn reduces the
bactericidal capacity of the liver [6]. By contrast, sterile inflam-
mation primarily originates from translocation of bacterial pro-
ducts (e.g., lipopolysaccharides) from the gut to the portal
circulation [7]. The gut’s permeability increases because of
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portal hypertension mediated venous congestion in combina-
tion with dysbalanced microbiota composition towards patho-
genic species [8, 9]. Both nonsterile and sterile systemic
inflammation are associated with chronic activation of the
innate and adaptive immune system resulting in broad produc-
tion of inflammatory cytokines (e.g., tumor necrosis factor-α
(TNF-α), interleukine-1 beta (IL-1β), IL-6 or interferon-γ) [4].
In advanced stages of cirrhosis, the immune system may even
become exhausted under the constant inflammatory signaling,
giving rise to an endotoxin tolerant state. An extreme outcome
occurs in ACLF, where proinflammatory cytokines outbalance
anti-inflammatory cytokines (e.g., IL-10) and a sepsis-like con-
dition arises [10]. Besides their relevance for systemic inflam-
mation, cytokines proved to be a valuable predictor for
cirrhosis related complications. In this context, IL-6 was found
to be predictive for the development of minimal and overt HE
as well as mortality [11–13].

Although there is clear evidence for their prognostic and
diagnostic relevance, the interplay between liver-derived and
extrahepatic cytokines is complex as counter mechanisms in
peripheral compartments may balance hepatic inflammatory
stimuli. Currently, there is only insufficient data available on
whether cytokine levels in the immediate vicinity of the liver,
in the hepatic veins, differ from levels in the peripheral (e.g.,
jugular vein) circulation. Therefore, we aimed to quantify a
set of inflammatory cytokines in the blood of close proximity
to the liver (hepatic veins) and blood of liver distant vessels
(jugular veins) of patients with compensated and decompen-
sated cirrhosis.

2. Materials and Methods

In this retrospective study, the data of prospectively recruited
patients (between 2020 and 2021) at the Cirrhosis Center
Mainz (University Medical Center Mainz, Germany) were
analyzed. All patients were recruited during elective mea-
surement of the hepatic venous pressure gradient (HVPG).
Diagnosis of liver cirrhosis was based on a combination of
histology, conclusive appearance in ultrasound or radiologi-
cal imaging, endoscopic features of portal hypertension, and
medical history. No patients with any signs of active infec-
tion were included in the analyses.

Blood was obtained from all patients for biochemical
analysis during HVPG measurement. In each patient, blood
was obtained from the hepatic and the jugular vein. Blood
from the hepatic vein was drawn with a blocked catheter in
the hepatic vein.

Model of end-stage liver disease (MELD), Child-Pugh
(CP), and CLIF-C AD score were used to estimate the severity
of chronic liver disease [14–16]. Moreover, patients were clas-
sified according to the staging system published by D’Amico
et al. [17]. Here, patients are grouped according to the pres-
ence of varices and the occurrence of decompensation events.
In stage 1 and 2, patients with cirrhosis are compensated
without or with varices, respectively. Stage 3 is characterized
by variceal bleeding, while in stage 4 patients suffered from a
first nonbleeding decompensating event. Stage 5 comprises all
patients with any second decompensation event. According to

the BAVENO VII definition, patients in stage 1 and 2 are
compensated, while patients in higher stages 3, 4, and 5 are
decompensated [17].

2.1. Healthy Controls. As a comparison to the cirrhosis
group, blood from 40 healthy controls (age median 54 years
(IQR 46; 60), 65% men) was analyzed. Blood was obtained
from each patient from a cubital vein during an elective
blood donation at the blood donation center of the Univer-
sity Medical Center Mainz. When volunteers register to
become blood donors, they are regularly tested for infections
of viral hepatitis B/C and human immunodeficiency virus.
Furthermore, donors are not allowed to donate blood when
they have symptoms of acute infection.

2.2. Hepatic Venous Pressure Gradient Measurement. HVPG
was assessed according to a standardized protocol using an
angled-tip balloon catheter under fluoroscopic control as
described elsewhere [18]. The intake of nonselective
β-blockers was interrupted for at least 5 days before HVPG
measurement. Subclinical portal hypertension was defined
by a HVPG of 6–9.5mmHg and clinical significant portal
hypertension (CSPH) by HVPG values≥ 10mmHg [19].

2.3. Quantification of Cytokine Levels by Cytometric Bead
Array. After blood withdrawal, samples were incubated for
30min to allow clotting and then centrifuged at room tem-
perature at 2,000 rotations per minute (rpm) for 10min.
Then, the serum supernatant was transferred into 1.5ml
tubes and immediately stored at−80°C until further proces-
sing. On the day of analysis, diluted sera were thawed and
cytokine concentrations for IL-1β, interferon (IFN)-α2, IFN-
γ, TNF-α, monocyte chemoattractant protein (MCP)-1, IL-6,
IL-8, IL-10, IL-12p70, IL-17A, IL-18, IL-23, and IL-33 were
determined using the LEGENDplex™Human Inflammation
Panel 1 (13-plex) as recommended by the manufacturer’s
protocol instructions (Biolegend) [20]. In brief, samples
were mixed with cytokine-specific capture beads and subse-
quently incubated with detection antibodies and then with
PE-conjugated detection antibodies (all at room temperature in
the dark under shaking) and subjected to flow cytometric anal-
ysis. Results were analyzed using Qognit Legendplex Analysis
Software (Bio-legend, San Diego, CA). The minimum detect-
able concentration of cytokines in serum are: 1.5+ 0.6 (pg/ml)
for IL-1β, 2.1+ 0.2 (pg/ml) for IFN-α2, 1.3+ 1.0 (pg/ml) for
IFN-γ, 0.9+ 0.8 (pg/ml) for TNF-α, 1.1+ 1.2 (pg/ml) forMCP-
1, 1.5+ 0.7 (pg/ml) for IL-6, 2.0+ 0.5 (pg/ml) for IL-8, 2.0+ 0.5
(pg/ml) for IL-10, 2.0+ 0.2 (pg/ml) for IL-12p70, 0.5+ 0.1
(pg/ml) for IL-17A, 1.3+ 0.9 (pg/ml) for IL-18, 1.8+ 0.1
(pg/ml) for IL-23, and 4.4+ 1.5 (pg/ml) for IL-33.

2.4. Ethics. The study was conducted in accordance with the
ethical guidelines of the 1975 Declaration of Helsinki (6th
revision, 2008) and was approved by the ethics committee of
the Landesärztekammer Rheinland-Pfalz (Nr. 837.052.12
(8153)). Written informed consent was obtained from all
participants.

2.5. Statistics. Quantitative data are expressed as medians
with interquartile ranges (IQR) or indicated otherwise.

2 Mediators of Inflammation
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Categorical variables are given as frequencies and percen-
tages. The Mann–Whitney U-test was used to test for any
differences in metric variables. Differences between three or
more groups with metric data were evaluated using an ordi-
nary one-way ANOVA with Tukey’s multiple comparisons
test. Correlation analyses were conducted using Spearman’s
rank correlation. Our complete data analysis was exploratory.
Hence, no adjustments for multiple testing were performed.
For all tests, we used a 0.05 level to define statistically relevant
deviations from the respective null hypothesis. However, due
to the large number of tests, the p-values should be interpreted
with caution and only as descriptive. Data of cytokine levels
from healthy controls were excluded from group comparison
when more than 50% of the samples were below the detection
limit. Data were analyzed using GraphPad Prism Version
8.0.2 (GraphPad Software, San Diego, CA, USA).

3. Results

3.1. Baseline Characteristics. In total, data of 40 patients with
cirrhosis were analyzed in this study. The majority of
patients were men (65%) and the median age of the cohort
was 59.5 years (IQR 51.7; 66.7). The etiology of cirrhosis was

predominantly alcoholic (63%), followed by nonalcoholic
fatty liver disease (27%), and a combination of viral hepatitis
and alcoholic (10%). Most patients were categorized as CP
stage A (47%) and B (45%), while only 3 (8%) were CP C.
The median MELD score was 13 (9; 17.8). 12 (30%) patients
were in a compensated stage of cirrhosis (D’Amico stage 1
and 2), while 28 (70%) were in a decompensated stage
(D’Amico stage> 3). Of the 16 patients in D’Amico stage
5, three had ascites and variceal hemorrhage, the others
had further decompensations with ascites. CSPH was present
in 75% (n= 34) of the cohort. Additional characteristics of
the cohort are displayed in Table 1. In addition to the cir-
rhosis cohort, cubital blood from 40 healthy controls was
analyzed (age median 54 years (IQR 46; 60), 65% men).
Standard laboratory parameters and reference cytokine levels
of the healthy controls are shown in Table S1.

3.2. Comparison of Cytokine Serum Levels in Blood Obtained
from Jugular and Hepatic Veins. Cytokine serum levels deter-
mined in blood derived from hepatic and jugular veins of
patients with cirrhosis are displayed in Figure 1. No relevant
differences were detected between both sites of blood collec-
tion (p>0:05 for each cytokine). For subgroup analyses, we

TABLE 1: Baseline characteristics of the study cohort.

Total patients, n (%) 40 (100%)

Male gender, n (%) 26 (65%)
Age (years), median (IQR) 59.5 (51.7; 66.7)

Etiology of cirrhosis
Alcohol, n (%) 25 (63%)
NAFLD, n (%) 11 (27%)

Mixed (viral hepatitis and alcohol), n (%) 4 (10%)

Liver function and portal hypertension

Child-Pugh score, n (%) A 19 (47%), B 18 (45%), C 3 (8%)
MELD, median (IQR) 13 (9; 17.8)
D’Amico stages, n (%)

Stage 1 4 (10%)
Stage 2 8 (20%)
Stage 4 12 (30%)
Stage 5 16 (40%)

HVPG, mmHg (IQR) 17 (11; 20)
HVPG stages, n (%)

6–9mmHg 6 (15%)
10–19mmHg 22 (55%)
≥20mmHg 12 (30%)

Laboratory values, median

Sodium, mmol/l (IQR) 138 (135; 139)
Potassium, mmol/l (IQR) 3.8 (3.6; 4.2)

BUN, mg/dl (IQR) 14 (11; 21)
SCr, mmol/l (IQR) 0.8 (0.7; 1.1)
INR, median (IQR) 1.4 (1.2; 1.7)

Bilirubin, mg/dl (IQR) 1.5 (1.3; 3.7)
CRP, mg/l (IQR) 8.4 (4.5; 18)
Albumin, g/l (IQR) 30 (24.5; 35)

Thrombocytes, /nl (IQR) 110 (87; 150.5)
WBC, /nl (IQR) 5.7 (4.2; 8.5)

Note: Data are expressed as medians with interquartile ranges or as frequencies with percentages; BUN, blood urea nitrogen; SCr, serum creatinine, HVPG, hepatic
venous pressure gradient; MELD, model for end-stage liver disease; WBC, white blood cell count; INR, international normalized ratio; CRP, C-reactive protein.

Mediators of Inflammation 3

 4792, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2023/9930902 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [18/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



0

20

40

60

80

100

120

140
IL -1b

pg
/m

l

pg
/m

l

pg
/m

l

pg
/m

l

pg
/m

l

pg
/m

l

pg
/m

l

pg
/m

l

pg
/m

l
pg
/m

l

pg
/m

l

pg
/m

l

pg
/m

l

0

10

20

30

40

50 IFN-α2

0

10

20

30

40

50

60 IFN-γ

0

100

200

300

400

500

600 TNF-α

0

200

400

600

800

1,000

1,200

1,400
MCP-1

0

50

100

150

200

250 IL-6

0

200

400

600

800

1,000

1,200

1,400
IL-8

0

50

100

150

200 IL -10

0

20

40

60

80

100 IL -12p70

0

5

10

15

20

25 IL-17A

0

200

400

600

800

1,000

1,200

1,400
IL -18

0

20

40

60

80

100

120

140
IL -23

0

200

400

600

800

1,000 IL -33

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

Ju
gu
la
r

V
ei
ns

H
ep
at
ic

V
ei
ns

FIGURE 1: Comparison of serum cytokine levels between blood from hepatic and jugular veins. Data are expressed as individual data with
mean plus standard deviation. Cytokine levels were determined as recommended by the manufacturer of the cytokine quantification kit [20].
IL, interleukin; IFN, interferon; MCP-1, monocyte chemotactic protein-1; TNF-α, tumor necrosis factor-α.
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separated the total cohort into subgroups according to CP A
versus B/C as well as to compensated versus decompensated
cirrhosis. Again, there were no relevant differences between
cytokine serum levels between hepatic or jugular blood
(p>0:05 each) (Tables S2 and S3).

3.3. Analyses of Serum Cytokine Levels in Patients with
Different Stages of Portal Hypertension, Decompensated
Stages of Cirrhosis, and Alcoholic Cirrhosis. Patients with
CSPH had significantly higher serum levels of IL-6 and IL-
18 serum levels compared to patients without CSPH, both in
hepatic as well as jugular blood (Table 2). IL-8 serum levels
were only significantly higher in blood from hepatic veins of
patients with CSPH compared to patients without CPSH
(Table 2). CRP levels did not differ between the subgroups
(Table S4). In the second step, patients were stratified
according to a compensated (D’Amico stages 1 and 2,
n= 12) or decompensated (D’Amico stages 3 and 4,
n= 28) stage of cirrhosis. Here, patients with decompensated
cirrhosis had significantly higher serum levels of Int-α2, Int-
γ, TNF-α, IL-6, IL-8, IL-10, IL-23, and IL-33 compared to

compensated patients, both in blood obtained from hepatic
and jugular veins (Table 3). In addition, CRP levels were
significantly higher in decompensated patients (Table S5).
Moreover, IL-18 and IL-17A serum levels differed between
both groups only in blood obtained from hepatic veins, while
IL-23 serum levels did only differ between both groups in
blood obtained from the hepatic veins (Table 3). Patients
stratified for alcoholic versus nonalcoholic cirrhosis had sim-
ilar cytokine levels both in blood obtained from hepatic and
jugular veins (Figure S1).

3.4. Correlations between Serum Cytokine Levels and
Demographic and Clinical Characteristics. Levels of inflam-
matory cytokines in hepatic and jugular veins were corre-
lated with clinical parameters related to portal hypertension,
liver function, and patients’ characteristics. Correlations of
cytokine levels were found for D’Amico stages, liver function
(MELD and CLIF-C AD), and age. Regarding cytokines, IL-6
showed manifold correlations with MELD (hepatic veins,
r= 0.48, p¼ 0:002), CLIF-C AD (jugular veins, r= 0.36,
p¼ 0:02), D’Amico stages (jugular and hepatic veins,

TABLE 2: Comparison of serum cytokine levels between patients with and without CSPH in blood from jugular and hepatic veins.

Jugular veins
p-Values

Non-CSPH IQR CSPH IQR

IL-1β, pg/ml 15.3 15.3 24.0 15.3 15.3 40.7 0.40
Int-α2, pg/ml 1.8 1.1 4.3 2.6 1.3 4.4 0.49
Int-γ, pg/ml 5.9 2.5 9.2 9.7 2.5 19.3 0.26
TNF-α, pg/ml 2.9 1.0 13.4 10.0 1.2 22.0 0.26
MCP-1, pg/ml 107.4 104.4 138.2 110.9 70.4 195.3 0.73
IL-6, pg/ml 7.2 4.4 11.4 18.1 8.2 43.9 0.03
IL-8, pg/ml 40.0 32.8 56.2 69.1 35.5 202.9 0.08
IL-10, pg/ml (IQR) 6.7 2.4 13.7 14.7 6.0 43.8 0.13
IL-12p70, pg/ml 3.4 1.4 9.0 4.1 1.4 12.2 0.49
IL-17A, pg/ml 0.2 0.2 0.5 0.5 0.2 1.7 0.12
IL-18, pg/ml 241.0 126.6 274.1 398.0 270.4 730.0 <0.01
IL-23, pg/ml 4.5 3.2 19.7 11.7 3.2 29.5 0.73
IL-33, pg/ml 28.8 15.1 109.7 43.6 9.7 117.0 0.70

Hepatic veins

IL-1β, pg/ml 15.3 15.3 15.4 15.3 15.3 29.1 0.24
Int-α2, pg/ml 1.8 0.9 3.1 3.2 0.9 6.8 0.27
Int-γ, pg/ml 5.1 2.5 8.3 10.4 2.5 21.6 0.16
TNF-α, pg/ml 4.6 1.0 13.4 9.2 1.4 31.1 0.32
MCP-1, pg/ml 105.4 92.5 143.1 116.3 73.4 205.2 0.78
IL-6, pg/ml 6.0 3.1 9.0 17.5 7.8 41.2 0.02
IL-8, pg/ml 32.8 32.8 61.0 85.5 37.3 281.9 0.02
IL-10, pg/ml 8.0 2.7 12.0 14.0 6.7 44.9 0.13
IL-12p70, pg/ml 3.8 1.5 7.6 4.0 1.4 18.7 0.73
IL-17A, pg/ml 0.2 0.2 0.4 0.5 0.2 1.5 0.06
IL-18, pg/ml 209.2 128.8 271.1 417.7 289.8 661.4 <0.001
IL-23, pg/ml 3.6 3.2 11.9 9.6 3.2 49.8 0.27
IL-33, pg/ml 28.4 17.3 72.1 62.1 9.9 195.0 0.43

Note. Data are expressed as median with interquartile ranges (IQR). p-values were assessed by the Mann–Whitney U-test. When significance between the
groups was reached, values are printed in bold. CSPH, clinical significant portal hypertension; IL, interleukin; IFN, interferon; MCP-1, monocyte chemotactic
protein-1; TNF, tumor necrosis factor; CRP, C-reactive protein.
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r= 0.72, p<0:0001 and r= 0.54, p¼ 0:003), and CP (jugular
and hepatic veins, r= 0.59, p<0:0001 and r= 0.46, p¼ 0:003,
Figure 2).

4. Discussion

In the present study, we were able to demonstrate that levels
of cytokines, reflecting systemic inflammatory processes, are
significantly increased in patients with decompensated cir-
rhosis or CSPH compared to patients with compensated
cirrhosis or without CSPH. Moreover, we found no relevant
difference of various serum cytokine levels in blood obtained
from jugular or hepatic veins in patients with cirrhosis.

Systemic inflammation is a hallmark of the progression of
liver cirrhosis [5]. Inflammatory cytokines and chemokines (a
family of small cytokines) are thought to be major drivers of
this phenomenon, but little is known about their origin and
even less of their biodistribution [5, 21, 22]. In vitro studies
have shown that cells of the innate immune system (primarily
liver resident macrophages), hepatic stellate cells, and hepa-
tocytes express inflammatory cytokines and chemokines dur-
ing liver stress and injury [23, 24]. But also circulating

immune cells might contribute to elevated levels of inflamma-
tory cytokines in chronic liver disease [25, 26]. In this context,
our study expands the existing literature by demonstrating
that there is no relevant difference of the quantified inflam-
matory cytokines between blood obtained from jugular and
hepatic veins in patients with cirrhosis. Similar results were
also found in a recently published study investigating inflam-
matory as well as coagulation parameters in blood obtained
from the portal vein, hepatic veins, and peripheral veins [27].
In our current study, the lack of differences in systemic
inflammation between jugular and hepatic blood was also
consistent in sensitivity analyses when stratifying the cohort
for different disease stages or the presence of CSPH. As a
consequence, the sampling of venous hepatic blood by inva-
sive procedures such asHVPGmeasurement does not seem to
be mandatory to assess levels of hepatic inflammatory cyto-
kine for diagnostic or scientific purposes.

A plethora of cytokines with pleiotropic effects in systemic
inflammation are emitted by cirrhotic livers [5, 21, 28–30].
We have selected a cytokine panel that encompasses several
key inflammatory cytokines to delineate the degree of sys-
temic inflammation in our patients (IL-1β, IFN-α2, IFN-γ,

TABLE 3: Comparison of serum cytokine levels between patients with compensated and decompensated cirrhosis.

Jugular veins
p-Values

Compensated IQR Decompensated IQR

IL-1β, pg/ml 15.3 15.3 19.7 15.3 15.3 48.5 0.39
IFN-α2, pg/ml 1.5 0.8 2.6 3.5 1.5 6.1 0.02
IFN-γ, pg/ml 3.0 2.5 7.1 12.9 3.1 21.6 0.02
TNF-α, pg/ml 2.7 1.0 7.8 13.3 2.9 32.5 <0.01
MCP-1, pg/ml 105.9 86.5 139.5 114.0 70.0 206.0 0.74
IL-6, pg/ml 6.7 3.4 8.6 22.5 11.6 45.5 <0.01
IL-8, pg/ml 34.9 32.8 52.7 78.0 41.9 260.8 0.01
IL-10, pg/ml 3.9 1.9 8.4 20.4 8.3 44.2 <0.01
IL-12p70, pg/ml 3.4 1.4 4.6 5.0 1.5 16.5 0.10
IL-17A, pg/ml 0.2 0.2 0.3 0.8 0.2 1.7 0.02
IL-18, pg/ml 254.4 212.5 563.5 388.2 272.3 767.9 0.04
IL-23, pg/ml 3.2 3.2 4.8 19.1 3.2 31.3 0.06
IL-33, pg/ml 15.5 9.0 32.8 61.5 12.3 172.5 0.02

Hepatic veins

IL-1β, pg/ml 15.3 15.3 15.6 15.3 15.3 34.3 0.33
IFN-α2, pg/ml 1.3 0.7 3.3 3.9 1.3 6.9 0.06
IFN-γ, pg/ml 3.8 2.5 6.7 11.5 3.5 23.8 0.02
TNF-α, pg/ml 2.3 1.0 7.9 17.7 1.8 34.7 0.03
MCP-1, pg/ml 105.4 81.7 174.4 116.3 76.2 232.6 0.69
IL-6, pg/ml 4.3 2.3 7.6 20.7 11.7 45.5 <0.01
IL-8, pg/ml 37.5 32.8 63.2 114.2 38.0 293.8 0.02
IL-10, pg/ml 5.8 2.4 9.4 19.3 8.1 50.2 0.01
IL-12p70, pg/ml 3.4 1.4 5.2 4.4 1.5 19.4 0.33
IL-17A, pg/ml 0.2 0.2 0.5 0.5 0.2 1.9 0.06
IL-18, pg/ml 279.5 231.5 482.1 414.4 293.9 675.5 0.08
IL-23, pg/ml 3.2 3.2 5.6 18.2 3.2 50.9 0.04
IL-33, pg/ml 15.9 7.2 57.1 63.2 18.5 207.1 0.04

Note. Data are expressed as median with interquartile ranges (IQR). p-values were assessed by the Mann–Whitney U-Test. When significance between the
groups was reached, values are printed in bold. IL, interleukin; IFN, interferon; MCP-1, monocyte chemotactic protein-1; TNF, tumor necrosis factor; CRP, C-
reactive protein.
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TNF-α, MCP-1, IL-6, IL-8, IL-10, IL-12p70, IL-17A, IL-18,
IL-23, and IL-33). In the past, several studies investigated
systemic inflammation in patients with cirrhosis and it is a
well-accepted fact that bacterial translocation due to portal
hypertension is a major driver of inflammatory processes [5].
Of note, bacterial translocation is not only associated with
systemic inflammation but also several other alterations in
the blood such as enhanced platelet activation, which may
contribute to complications of cirrhosis, such as portal vein
thrombosis [31]. In this context, it is of pivotal importance to
develop treatment strategies to decrease systemic inflamma-
tion as a key driver of complications of cirrhosis to improve
the long-term prognosis. One potential treatment combina-
tion that may be promising is rifaximin and simvastatin,
which are currently being studied in a large trial [32]. How-
ever, it has to be mentioned that rifaximin had no major
impact on the inflammatory state and only small effects on
bacterial translocation in a preliminary study in patients with
decompensated cirrhosis [33].

Our current study highlights the important role of IL-6
as a marker of impaired liver function by demonstrating
significant correlations between higher IL-6 serum levels
and clinical parameters such as MELD (p¼ 0:002) D’Amico
stages (p<0:0001) and CP (p<0:0001). Furthermore, IL-6
levels were significantly higher in patients with CSPH, which
is one of the main drivers for life-threatening complications
in cirrhosis such as bleeding of esophageal varices. It is a

well-described fact that higher levels of inflammatory cyto-
kines progress with the severity of cirrhosis and may trigger
acute decompensation and also ACLF [5, 34]. IL-23 was
significantly higher (hepatic blood, p¼ 0:04) in patients with
decompensated cirrhosis. This is an interesting finding
because IL-23 can be produced by hepatic monocyte-derived
macrophages, corroborating that myeloid cells fuel systemic
inflammation in decompensated cirrhosis [21, 35, 36].

Our study has limitations that have to be acknowledged.
First, due to our study design and the comparably small
cohort, we are only able to identify potential associations
and causality cannot be proven. Moreover, our sample size
precludes adjustments for multiple testing. Therefore, our
findings have to be strictly interpreted in the context of its
design and as purely exploratory. Second, our study cohort is
too small to conduct any analyses regarding hard clinical
outcome events. Third, it would be interesting to investigate
cytokine serum levels in jugular and hepatic veins of patients
without cirrhosis, however, the invasive HVPG measure-
ment would be unethical in these patients. Fourth, we did
not test for bacteria in the sampled blood neither by micro-
biological nor bacterial DNA analysis. This may have ruled
out clinical occult bacteremia, which could have influenced
cytokine levels. Finally, we had no access to probes from the
cubital vein in patients with cirrhosis and are therefore
unable to analyze the biodistribution of the respective
cytokines.
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FIGURE 2: Correlations of serum cytokine levels in jugular and hepatic blood with clinical parameters shown as heat maps. r and p values
(∗p<0:05, ∗∗p<0:001, ∗∗∗p<0:0001) were calculated with Spearman correlations. CP, Child-Pugh; CLIF-C AD, chronic liver
failure–consortium acute decompensation; HVPG, hepatic venous pressure gradient; IL, interleukin; IFN, interferon; MCP-1, monocyte
chemotactic protein-1; MELD, model for end-stage liver disease; TNF, tumor necrosis factor.
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5. Conclusion

In conclusion, we were able to demonstrate that levels of
cytokines, reflecting systemic inflammatory processes, are
significantly increased in patients with decompensated cir-
rhosis or CSPH compared to patients with compensated
cirrhosis or without CSPH. However, we found no relevant
difference of various serum cytokine levels between blood
obtained from jugular or hepatic veins in patients with cir-
rhosis. Whether sampling of hepatic blood can be completely
avoided for immunological studies needs to be determined in
follow-up studies.

Abbreviations

ACLF: Acute-on-chronic liver failure
AST: Aspartate transaminase
ALT: Alanine transaminase
BUN: Blood urea nitrogen
CP: Child-Pugh
CLIF-C AD: Chronic liver failure–consortium acute

decompensation
CRP: C-reactive protein
CSPH: Clinical significant portal hypertension
HE: Hepatic encephalopathy
HIV: Human immunodeficiency virus
HVPG: Hepatic venous pressure gradient
IL: Interleukin
IFN: Interferon
MCP-1: Monocyte chemoattractant protein-1
MELD: Model of end-stage liver disease
Rpm: Rotations per minute
TNF-α: Tumor necrosis factor-α
WBC: Whole blood count interleukin.

Data Availability

The datasets generated during and/or analyzed during the
current study are not publicly available but are available from
the corresponding author on reasonable request.

Disclosure

Guarantor of the article: Christian Labenz and Leonard Kaps.

Conflicts of Interest

The authors declare no competing interests.

Authors’ Contributions

Leonard Kaps, Carolina Medina-Montano, and Christian
Labenz contributed to the performed research. Leonard Kaps,
Simon Johannes Gairing, Eva M. Schleicher, Michael Nagel,
Stephan Grabbe, Jörn M. Schattenberg, Matthias Bros, Stephan
Gehring, Peter R. Galle, Marcus-Alexander Wörns, and
Christian Labenz contributed to the acquisition of data. Leonard
Kaps and Christian Labenz contributed in the designed the
experiments and analyzed the data. Peter R. Galle, Carolina
Medina-Montano, Matthias Bros, Stephan Grabbe, and

Christian Labenz contributed in the reagents/materials/analysis
tools. Leonard Kaps and Christian Labenz contributed to wrote
themanuscript. LeonardKaps andChristian Labenz contributed
in the statistical analysis. All authors approved the final version
of the manuscript and the authorship list contributed in the
critical review of the manuscript.

Acknowledgments

We thank Sonja Hoch-Kraft for excellent technical assistance.
We thank Roland Conradi for providing the sera of 40 healthy
donor patients as controls. L.K. received funding from the
German Research Foundation (DFG) SFB 1066 project B17.
SJG and EMS are supported by the Clinician Scientist Fellow-
ship “Else Kröner Research College: 2018_Kolleg.05.” Open
access funding enabled and organized by Projekt DEAL.

Supplementary Materials

Table S1: laboratory parameters and cytokine levels of the
healthy control cohort. Table S2: comparison of serum cyto-
kine levels between blood from hepatic and jugular veins in
patients with early stage cirrhosis (Child-Pugh stage A) and
advanced stage cirrhosis (B and C). Table S3: comparison of
serum cytokine levels between blood from hepatic and jugu-
lar veins in patients stratified by compensated versus decom-
pensated cirrhosis. Table S4: comparison of C-reactive
protein concentration between patients with and without
CSPH in blood from jugular veins. Table S5: comparison
of C-reactive protein concentration between patients with
compensated and decompensated cirrhosis in blood from
jugular veins. Figure S1: comparison of serum cytokine levels
between blood from hepatic and jugular veins in patients
with alcoholic versus nonalcoholic cirrhosis. (Supplementary
Materials)

References

[1] D. Schuppan and N. H. Afdhal, “Liver cirrhosis,” The Lancet,
vol. 371, no. 9615, pp. 838–851, 2008.

[2] A. L. Gerbes, J. Labenz, B. Appenrodt et al., “[Updated S2k-
guideline “Complications of liver cirrhosis”. German Society
of Gastroenterology (DGVS)],” Z Gastroenterology, vol. 57,
no. 5, pp. 611–680, 2019.

[3] W. Gu, H. Hortlik, H. P. Erasmus et al., “Trends and the
course of liver cirrhosis and its complications in Germany:
nationwide population-based study (2005 to 2018),” The
Lancet Regional Health-Europe, vol. 12, Article ID 100240,
2022.

[4] A. Albillos, R. Martin-Mateos, S. van der Merwe, R. Wiest,
R. Jalan, and M. Álvarez-Mon, “Cirrhosis-associated immune
dysfunction,” Nature Reviews Gastroenterology & Hepatology,
vol. 19, no. 2, pp. 112–134, 2022.

[5] V. Arroyo, P. Angeli, R. Moreau et al., “The systemic
inflammation hypothesis: towards a new paradigm of acute
decompensation and multiorgan failure in cirrhosis,” Journal
of Hepatology, vol. 74, no. 3, pp. 670–685, 2021.

[6] M. Dirchwolf and A. E. Ruf, “Role of systemic inflammation in
cirrhosis: from pathogenesis to prognosis,” World Journal of
Hepatology, vol. 7, no. 16, pp. 1974–1981, 2015.

8 Mediators of Inflammation

 4792, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2023/9930902 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [18/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://downloads.hindawi.com/journals/mi/2023/9930902.f1.docx
https://downloads.hindawi.com/journals/mi/2023/9930902.f1.docx


[7] H. Fukui, “Gut-liver axis in liver cirrhosis: how to manage
leaky gut and endotoxemia,” World Journal of Hepatology,
vol. 7, no. 3, pp. 425–442, 2015.

[8] A. Nicoletti, F. R. Ponziani, M. Biolato et al., “Intestinal
permeability in the pathogenesis of liver damage: from non-
alcoholic fatty liver disease to liver transplantation,”World Journal
of Gastroenterology, vol. 25, no. 33, pp. 4814–4834, 2019.

[9] J. Plaza-Díaz, P. Solís-Urra, F. Rodríguez-Rodríguez et al.,
“The gut barrier, intestinal microbiota, and liver disease:
molecular mechanisms and strategies to manage,” Interna-
tional Journal of Molecular Sciences, vol. 21, no. 21, pp. 1–22,
Article ID 8351, 2020.

[10] L. Kaps, E. M. Schleicher, C. M. Montano et al., “Influence of
advanced organ support (ADVOS) on cytokine levels in
patients with acute-on-chronic liver failure (ACLF),” Journal
of Clinical Medicine, vol. 11, no. 10, Article ID 2782, 2022.

[11] S. J. Gairing, J. Anders, L. Kaps et al., “Evaluation of IL-6 for
stepwise diagnosis of minimal hepatic encephalopathy in
patients with liver cirrhosis,” Hepatology Communications,
vol. 6, no. 5, pp. 1113–1122, 2022.

[12] C. Labenz, G. Toenges, Y. Huber et al., “Raised serum
interleukin-6 identifies patients with liver cirrhosis at high risk
for overt hepatic encephalopathy,” Alimentary Pharmacology
and Therapeutics, vol. 50, no. 10, pp. 1112–1119, 2019.

[13] J. Remmler, C. Schneider, T. Treuner-Kaueroff et al.,
“Increased level of interleukin 6 associates with increased
90-day and 1-year mortality in patients with end-stage liver
disease,” Clinical Gastroenterology and Hepatology, vol. 16,
no. 5, pp. 730–737, 2018.

[14] P. S. Kamath, R. H. Wiesner, M. Malinchoc et al., “Amodel to
predict survival in patients with end-stage liver disease,”
Hepatology, vol. 33, no. 2, pp. 464–470, 2001.

[15] R. N. H. Pugh, I. M. Murray-Lyon, J. L. Dawson,
M. C. Pietroni, and R. Williams, “Transection of the
oesophagus for bleeding oesophageal varices,” British Journal
of Surgery, vol. 60, no. 8, pp. 646–649, 1973.

[16] R. Jalan, M. Pavesi, F. Saliba et al., “The CLIF consortium acute
decompensation score (CLIF-CADs) for prognosis of hospitalised
cirrhotic patients without acute-on-chronic liver failure,” Journal
of Hepatology, vol. 62, no. 4, pp. 831–840, 2015.

[17] G. D’Amico, A. Morabito, M. D’Amico et al., “Clinical states
of cirrhosis and competing risks,” Journal of Hepatology,
vol. 68, no. 3, pp. 563–576, 2018.

[18] A. Ferlitsch, S. Bota, R. Paternostro et al., “Evaluation of a new
balloon occlusion catheter specifically designed for measure-
ment of hepatic venous pressure gradient,” Liver International,
vol. 35, no. 9, pp. 2115–2120, 2015.

[19] G. Baffy and J. Bosch, “Overlooked subclinical portal
hypertension in non-cirrhotic NAFLD: is it real and how to
measure it?” Journal of Hepatology, vol. 76, no. 2, pp. 458–
463, 2022.

[20] LEGENDplexTM Mull-Analyte Flow Assay Kit, “LEGEN-
DplexTM- multi-analyte flow assay kits,” 2022, https://www.
biolegend.com/Files/Images/media_assets/pro_detail/data
sheets/750000393_Human_Inflammation_Panel_1_R3.pdf?
v=20221013063042.

[21] C. Engelmann, J. Clària, G. Szabo, J. Bosch, and M. Bernardi,
“Pathophysiology of decompensated cirrhosis: portal hyper-
tension, circulatory dysfunction, inflammation, metabolism
and mitochondrial dysfunction,” Journal of Hepatology,
vol. 75, no. Suppl 1, pp. S49–S66, 2021.

[22] H. Sahin, E. Borkham-Kamphorst, C. Kuppe et al., “Chemo-
kine Cxcl9 attenuates liver fibrosis-associated angiogenesis in
mice,” Hepatology, vol. 55, no. 5, pp. 1610–1619, 2012.

[23] X. Ren, A. Kennedy, and L. M. Colletti, “CXC chemokine
expression after stimulation with interferon-gamma in
primary rat hepatocytes in culture,” Shock, vol. 17, no. 6,
pp. 513–520, 2002.

[24] H. Sahin, E. Borkham-Kamphorst, O. N. T. do et al.,
“Proapoptotic effects of the chemokine, CXCL 10 are
mediated by the noncognate receptor TLR4 in hepatocytes,”
Hepatology, vol. 57, no. 2, pp. 797–805, 2013.

[25] P. Kimball, F. McDougan, and R. Stirling, “CXCR3 expression
elevated on peripheral CD8+ lymphocytes from HIV/HCV
coinfected individuals,” Viral Immunology, vol. 24, no. 6,
pp. 441–448, 2011.

[26] E. Hintermann, M. Bayer, J. M. Pfeilschifter, A. D. Luster, and
U. Christen, “CXCL10 promotes liver fibrosis by prevention of
NK cell mediated hepatic stellate cell inactivation,” Journal of
Autoimmunity, vol. 35, no. 4, pp. 424–435, 2010.

[27] E. G. Driever, M. Magaz, J. Adelmeijer et al., “The portal vein
in patients with cirrhosis is not an excessively inflammatory or
hypercoagulable vascular bed, a prospective cohort study,”
Journal of Thrombosis and Haemostasis, vol. 20, no. 9,
pp. 2075–2082, 2022.

[28] R. Moreau, R. Jalan, P. Gines et al., “Acute-on-chronic liver
failure is a distinct syndrome that develops in patients with
acute decompensation of cirrhosis,” Gastroenterology,
vol. 144, no. 7, pp. 1426–1437, 2013.

[29] J. Clària, R. E. Stauber, M. J. Coenraad et al., “Systemic
inflammation in decompensated cirrhosis: characterization
and role in acute-on-chronic liver failure,”Hepatology, vol. 64,
no. 4, pp. 1249–1264, 2016.

[30] H. Tilg, A. Wilmer, W. Vogel et al., “Serum levels of cytokines
in chronic liver diseases,” Gastroenterology, vol. 103, no. 1,
pp. 264–274, 1992.

[31] A. Queck, R. Carnevale, F. E. Uschner et al., “Role of portal
venous platelet activation in patients with decompensated
cirrhosis and TIPS,” Gut, vol. 69, no. 8, pp. 1535-1536, 2020.

[32] E. Pose, L. Napoleone, A. Amin et al., “Safety of two different
doses of simvastatin plus rifaximin in decompensated cirrhosis
(LIVERHOPE-SAFETY): a randomised, double-blind,
placebo-controlled, phase 2 trial,” The Lancet Gastroenterology
& Hepatology, vol. 5, no. 1, pp. 31–41, 2020.

[33] N. Kimer, J. S. Pedersen, J. Tavenier et al., “Rifaximin has
minor effects on bacterial composition, inflammation, and
bacterial translocation in cirrhosis: a randomized trial,”
Journal of Gastroenterology and Hepatology, vol. 33, no. 1,
pp. 307–314, 2018.

[34] J. Trebicka, J. Fernandez, M. Papp et al., “The PREDICT study
uncovers three clinical courses of acutely decompensated
cirrhosis that have distinct pathophysiology,” Journal of
Hepatology, vol. 73, no. 4, , pp. 842–854

[35] D. Reuveni, M. R. Brezis, E. Brazowski et al., “Interleukin 23
produced by hepatic monocyte-derived macrophages is
essential for the development of murine primary biliary
cholangitis,” Frontiers in Immunology, vol. 12, Article ID
718841, 2021.

[36] Z. Tian, X. Hou, W. Liu, Z. Han, and L. Wei, “Macrophages
and hepatocellular carcinoma,” Cell& Bioscience, vol. 9, no. 1,
Article ID 79, 2019.

Mediators of Inflammation 9

 4792, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2023/9930902 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [18/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.biolegend.com/Files/Images/media_assets/pro_detail/datasheets/750000393_Human_Inflammation_Panel_1_R3.pdf?v=20221013063042
https://www.biolegend.com/Files/Images/media_assets/pro_detail/datasheets/750000393_Human_Inflammation_Panel_1_R3.pdf?v=20221013063042
https://www.biolegend.com/Files/Images/media_assets/pro_detail/datasheets/750000393_Human_Inflammation_Panel_1_R3.pdf?v=20221013063042
https://www.biolegend.com/Files/Images/media_assets/pro_detail/datasheets/750000393_Human_Inflammation_Panel_1_R3.pdf?v=20221013063042
https://www.biolegend.com/Files/Images/media_assets/pro_detail/datasheets/750000393_Human_Inflammation_Panel_1_R3.pdf?v=20221013063042
https://www.biolegend.com/Files/Images/media_assets/pro_detail/datasheets/750000393_Human_Inflammation_Panel_1_R3.pdf?v=20221013063042
https://www.biolegend.com/Files/Images/media_assets/pro_detail/datasheets/750000393_Human_Inflammation_Panel_1_R3.pdf?v=20221013063042



