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Highlights Lay summary

� MIF serum concentrations do not correlate with

hepatic function but with systemic inflammation in
decompensated cirrhosis patients.

� MIF serum concentrations are independent of ge-
netic MIF promoter polymorphisms in patients
with decompensated cirrhosis.

� MIF and sCD74 serum concentrations predict
transplant-free 90-day survival in patients with
decompensated cirrhosis.

� Patients with decompensated cirrhosis and both
high MIF and low sCD74 serum concentrations have
impaired survival.

� Patients with decompensated cirrhosis show a
transhepatic gradient with higher MIF concentra-
tions in right atrial blood.
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Inflammatory processes contribute to the increased risk
of death in patients with cirrhosis and ascites. We show
that patients with high serum levels of the inflamma-
tory cytokine macrophage migration inhibitory factor
(MIF) alongside low levels of its binding receptor sCD74
in blood indicate an increased mortality risk in patients
with ascites. The cirrhotic liver is a relevant source of
elevated circulating MIF levels.
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Background & Aims: Macrophage migration inhibitory factor (MIF) is an inflammatory cytokine and an important regulator
of innate immune responses. We hypothesised that serum concentrations of MIF are associated with disease severity and
outcome in patients with decompensated cirrhosis and acute-on-chronic liver failure (ACLF).
Methods: Circulating concentrations of MIF and its soluble receptor CD74 (sCD74) were determined in sera from 292 patients
with acute decompensation of cirrhosis defined as new onset or worsening of ascites requiring hospitalisation. Of those, 78
(27%) had ACLF. Short-term mortality was assessed 90 days after inclusion.
Results: Although serum concentrations of MIF and sCD74 did not correlate with liver function parameters or ACLF, higher
MIF (optimum cut-off >2.3 ng/ml) and lower concentrations of sCD74 (optimum cut-off <66.5 ng/ml) both indicated poorer
90-day transplant-free survival in univariate analyses (unadjusted hazard ratio [HR] 2.01 [1.26–3.22]; p = 0.004 for MIF; HR
0.59 [0.38–0.92]; p = 0.02 for sCD74) and after adjustment in multivariable models. Higher MIF concentrations correlated with
surrogates of systemic inflammation (white blood cells, p = 0.005; C-reactive protein, p = 0.05) and were independent of
genetic MIF promoter polymorphisms. Assessment of MIF plasma concentrations in portal venous blood and matched blood
samples from the right atrium in a second cohort of patients undergoing transjugular intrahepatic portosystemic shunt
insertion revealed a transhepatic MIF gradient with higher concentrations in the right atrial blood.
Conclusions: Serum concentrations of MIF and its soluble receptor CD74 predict 90-day transplant-free survival in patients
with acute decompensation of cirrhosis. This effect was independent of liver function and genetic predispositions, but rather
reflected systemic inflammation. Therefore, MIF and sCD74 represent promising prognostic markers beyond classical scoring
systems in patients at risk of ACLF.
Lay summary: Inflammatory processes contribute to the increased risk of death in patients with cirrhosis and ascites. We
show that patients with high serum levels of the inflammatory cytokine macrophage migration inhibitory factor (MIF)
alongside low levels of its binding receptor sCD74 in blood indicate an increased mortality risk in patients with ascites. The
cirrhotic liver is a relevant source of elevated circulating MIF levels.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Acute-on-chronic liver failure (ACLF) is a syndrome with high
mortality in patients with acute decompensation of cirrhosis.1

Although the pathogenesis of ACLF is multifactorial, systemic
inflammation is pivotal for ACLF development and outcome.2 A
hallmark of decompensated liver cirrhosis is the upregulation of
not only inflammatory, but also anti-inflammatory cytokines.3

Increased blood cell count, macrophage activation markers, and
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cytokine concentrations have been shown to predict the course
of cirrhosis and the risk of future complications such as
decompensation and ACLF.4–9 Therefore, identifying readily
available surrogate markers is desirable to reveal patients at risk
for ACLF at an early stage.

Macrophage migration inhibitory factor (MIF) is a pro-
inflammatory cytokine with chemokine-like functions and is
known to be an important regulator of the innate and adaptive
immune system.10,11 It is expressed upstream during the in-
flammatory cascade and modulates various inflammatory and
immune responses. This has prompted the characterisation of
MIF as a biomarker in several chronic inflammatory diseases.12–14

In a murine model of experimental liver fibrosis, MIF was first
stated to exert anti-fibrotic effects.15 In human disease, the liver
has recently been identified as a significant source of circulating
MIF in alcoholic hepatitis, which correlated with disease severity
and mortality in this setting.16 Moreover, circulating MIF con-
centrations correlate with disease severity in autoimmune and
cholestatic liver disease17,18 and MIF could be identified as a
mediator of chemokine production and immune cell infiltration
in alcoholic steatosis.19

In the setting of acute stressors and/or inflammatory stimuli,
MIF is secreted by several immune cells, as well as endothelial
cells, thrombocytes, and selected parenchymal cells including
hepatocytes as well as liver-resident macrophages, Kupffer
cells.20–22 Within these cells, MIF is constitutively synthesised,
stored in pre-formed intracellular pools and is rapidly released in
response to different stimuli.23 Among others, the transcriptional
activity of MIF is influenced by promoter polymorphisms:
rs755622 represents a single nucleotide polymorphism (SNP)
whereas rs5844572 is a microsatellite marker of the tetra
nucleotide motive ‘CATT’ with alleles ranging from 5 to 8 repeats
(CATT5, CATT6, CATT7, or CATT8). Less frequent genotypes (C/C;
CATT7/X) of both polymorphisms show increased basal tran-
scriptional activity of the MIF promoter.12,24,25

MIF signalling and target cell effects are mediated by high
affinity interactions with the receptors CD74 (HLA class II histo-
compatibility antigen gamma chain or invariant chain [Ii]), CXCR2
and CXCR4.26,27 Importantly, CD74 is not only expressed on cell
membranes but as a result of membrane proteolysis a shed, sol-
uble form of the CD74 ectodomain (sCD74) exists that was first
characterised in autoimmune liver disease.17,28 sCD74 binds to
extracellular MIF within the circulation and acts as a decoy re-
ceptor resulting in neutralising effects of systemic and local MIF
signalling.29 Serum sCD74 concentrations were found to be
elevated in inflammatory diseases including acute lung injury as
well as burn accompanied by more severe inflammatory injuries
associated with worse clinical outcome.30,31 Moreover, sCD74 has
been shown to be increased in patients with autoimmune dis-
orders of the liver such as autoimmune hepatitis and primary
biliary cholangitis as compared with healthy controls.17

In this study we investigated whether increased serum con-
centrations of MIF and sCD74 indicate manifested ACLF and
predicted short-term mortality in a cohort of hospitalised pa-
tients with acute decompensation of cirrhosis.
Materials and methods
Study population
Data on patients with decompensated cirrhosis were acquired as
a single-centre study and collaboration with the Jena University
Hospital, and 292 patients were included from 10/2010 to 06/
JHEP Reports 2021
2015. Patients were admitted to the hospital owing to an acute
decompensation of underlying liver cirrhosis accompanied by
new onset grade 2 or 3 or worsening ascites. Out-patients un-
dergoing routine large volume paracentesis for refractory ascites
were not eligible. Moreover, patients with ascites as a result of
peritoneal carcinomatosis or secondary peritonitis were
excluded. All specimens and clinical data were obtained at study
inclusion, which was defined as the time point of diagnostic
paracentesis. Primary endpoints were defined as death from any
cause or liver transplantation within 90 days. For comparison of
serum concentrations in acutely decompensated cirrhosis to
compensated cirrhosis patients, serum concentrations were
further determined in a control cohort of 41 patients with
compensated cirrhosis.

In a second cohort, 120 patients with cirrhosis undergoing
transjugular intrahepatic portosystemic shunt (TIPS) implanta-
tion owing to variable indications were included in the collab-
orative study at the University Hospital of Bonn from 08/1998 to
08/2003. During the TIPS procedure blood was drawn at the TIPS
insertion from the right atrium as well as the portal vein system.

In both cohorts, informed consent was obtained from patients
before inclusion. Patients’ sera were extracted and stored at
-80�C. Demographic and clinical data including aetiology of
cirrhosis and CHILD Pugh/MELD score were documented at
baseline. Blood parameters were determined using routine lab-
oratory analysis. Fulfilment of ACLF criteria according to the
chronic liver failure (CLIF) consortium criteria was assessed for
patients of the first cohort included in 2013 or later at inclusion;
for the remaining patients of the first cohort criteria were
reviewed retrospectively. Both described patient cohorts were
further characterised and published previously.7,32–38

Ethical approval
The study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki and was approved by the Ethics
committee of the Jena University Hospital; 2880-08/10, 3683-02/
3, 3150-06/11 and the Ethics committee of the Bonn University
Clinic; 029/13. Informed consent was obtained from all subjects.

ELISA
Determination of MIF and sCD74 in patients’ sera was performed
with a human MIF ELISA39 or human sCD74 ELISA17 as previously
described. C-X-C motif chemokine (CXCL10) and IL-10 concen-
trations in serum were determined using the CXCL10/IP-10
DuoSet ELISA (R&D systems, Minneapolis, MN, USA) and the
human IL-10 Antibody Pair Kit (ThermoFisher Scientific, Langer-
wehe, Germany) according to the manufacturers’ instructions.

Determination of MIF promoter polymorphisms -173 G/C
(rs755622) and -794 CATT5–8 (rs5844572)
To determine the polymorphisms, genomic DNA was extracted
from peripheral whole blood patient samples using a customised
kit NucleoSpin® Blood (Macherey Nagel, Düren, Germany).
Genotyping of patients for the SNP rs755622 (-173 G/C) was
performed with genomic DNA with 5ʹ-endonuclease (TaqMan,
Applied Biosystems, Darmstadt, Germany) assays as previously
described.40

Fragment analysis to determine the repeat length of the tetra
nucleotide marker rs5844572 (-794 CATT5–8) was performed
using PCR as previously described.40 PCR products were run on
an AB3130 genetic analyser (Applied Biosystems), and
2vol. 3 j 100221



Table 2. MIF and sCD74 serum concentrations stratified for clinical pa-
rameters and the presence and severity of ACLF.

Serum MIF (ng/ml) Serum sCD74 (ng/ml)

Median (IQR) p value Median (IQR) p value

Sex
Female 2.7 (1.4–6.0) 0.25 37.1 (7.2–85.0) 0.20
Male 3.2 (1.7–7.6) 49.3 (6.1–118.7)

Aetiology
Alcoholic 3.0 (1.5–7.3) 0.61 39.2 (6.1–111.7) 0.26
Non-alcoholic 3.2 (1.8–6.8) 64.2 (10.2–128.4)

Child-Pugh class
B 3.0 (1.6–7.4) 0.84 38.8 (14.7–84.8) 0.94
C 3.1 (1.5–7.3) 48.5 (2.6–115.0)

HCC
No 3.0 (1.5–7.2) 0.32 42.3 (5.7–111.4) 0.67
Yes 3.5 (1.9–7.9) 50.5 (13.0–143.4)

ACLF
No 3.0 (1.5–7.2) 0.63 46.5 (9.2–114.1) 0.67
Yes 3.5 (1.9–7.9) 43.4 (0.6–110.9)

ACLF grade
Grade 1 3.1 (1.7–7.1) 0.49 43.1 (1.6–147.1) 0.90
Grade 2 3.6 (1.4–8.0) 48.9 (1.4–111.0)
Grade 3 3.4 (2.6–8.0) 37.2 (0.4–74.3)

Medians with IQRs are depicted and p values from the Mann-Whitney U test or
Kruskal-Wallis test are shown. ACLF, acute-on-chronic liver failure; HCC, hepatocel-
lular carcinoma; MIF, macrophage migration inhibitory factor; sCD74, soluble re-
ceptor CD74.
electrophoresis results were analysed with the GeneMapper®

Software 5 (Applied Biosystems).

Statistical analysis
Statistical analysis was performed with IBM SPSS Statistics 25
(IBM Corp., Armonk, NY, USA) and STATA software version 16.1
(StataCorp, College Station, TX, USA). Data presentation was
performed using GraphPad software version 5.01 (GraphPad, San
Diego, CA, USA). To compare 2 groups, we used Wilcoxon–
Mann–Whitney tests for continuous and Fisher’s exact test for
nominal variables. Bivariate non-parametric correlation analysis
(Spearman’s rho) was performed to identify correlations be-
tween continuous or ordinal variables. Univariate and multivar-
iable analysis of risk factors for mortality were assessed by Cox
regression analysis and binary logistic regression. Continuous
variables were dichotomised according to the maximum Youden
index in receiver operating characteristics (ROC) analysis. Time-
to-event variables were determined by the Kaplan–Meier
method and groups were contrasted by log-rank tests. For
analysis of transplant-free and overall survival, patients were
right-censored at loss-to-follow-up or at liver transplantation or
after 90 days. Competing risk analysis was performed using Fine
and Gray's proportional subhazards model using Stata version
16.1 (StataCorp).41 A 2-sided significance level of p = 0.05 was
applied for all tests of the study.
Results
Baseline cohort characteristics
A total of 292 hospitalised patients with acute decompensation
of cirrhosis and ascites were included. The median age at the
time of admission was 59 years (Table 1). Of all patients, 74%
were males and almost 80% of them suffered from liver cirrhosis
as a result of regular alcohol consumption. Approximately two-
thirds of all patients were scored as Child-Pugh class C, the
median model for end-stage liver disease (MELD) score was 17. In
Table 1. Baseline characteristics of patients with decompensated cirrhosis st

All patients
(n = 292) survivors at 9

Age (years) 59 (52–67)
Male sex (%) 216 (74)
HCC at baseline (%) 42 (14)
Alcoholic liver disease (%) 232 (79)
Child-Pugh class C (%) 182 (62)
MELD score 17 (12–22)
ACLF 78 (27)
ACLF

Grade 1 44 (15)
Grade 2 21 (7)
Grade 3 13 (4)

SBP at baseline (%) 39 (13)
Bilirubin (lmol/L) 40 (20–97)
ALT (lmol/L) 0.57 (0.38–0.93)
AST (lmol/L) 1.08 (0.70–1.89)
INR 1.4 (1.2–1.7)
Creatinine (lmol/L) 95 (64–147)
WBC (/nl) 6.8 (5.0–10.1)
CRP (mg/L) 31 (16–61)

Baseline characteristics are depicted as frequencies or median (IQR). Values of p are ba
egorial variables.
ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase; AST, aspartate amino
end-stage liver disease; SBP, spontaneous bacterial peritonitis; WBC, white blood cell c
* Including 40 patients lost to follow-up after a median of 14 days.
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total, 78 (27%) fulfilled the CLIF consortium criteria for ACLF.1 The
median time from hospital admission to study inclusion was 1
day (interquartiles 0–6 days). Sixty-five percent of patients were
included within 72 h after hospital admission.

Within 90 days after inclusion, 83 (28%) died, 10 (3%) un-
derwent liver transplantation, and 40 (14%) were lost to follow-
up with a median follow-up of 14 days. In patients presenting
with ACLF actuarial transplant-free 90-day survival was 43.4 ±
5.8% (standard error) as compared with 73 ± 3.2% in patients
without ACLF (p <0.001). Moreover, patients with ACLF were
ratified for outcome at 90 days follow up.

Transplant-free
0 days* (n = 199)

Non-survivors/transplanted
at 90 days (n = 93)

p value

58 (50–65) 63 (56–71) <0.001
149 (75) 67 (72) 0.67
23 (12) 19 (20) 0.05

165 (83) 67 (72) 0.04
115 (58) 67 (72) 0.02

15 (11–20) 20 (16–28) <0.001
36 (18) 42 (45) <0.001

25 (13) 19 (20) 0.004
10 (5) 11 (12)
1 (1) 12 (13)

16 (8) 23 (25) <0.001
35 (19–75) 65 (25–173) <0.001

0.54 (0.37–0.76) 0.65 (0.42–1.20) 0.02
1.03 (0.68–1.65) 1.17 (0.76–2.66) 0.09

1.4 (1.2–1.6) 1.5 (1.3–1.9) 0.001
81 (62–126) 136 (81–185) <0.001
6.3 (4.6–9,3) 8.4 (5.6–11.9) <0.001
25 (13–49) 53 (25–87) <0.001

sed on Wilcoxon–Mann–Whitney test for continuous and Fisher’s exact test for cat-

transferase; CRP, C-reactive protein; HCC, hepatocellular carcinoma; MELD, model for
ount.
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Fig. 1. MIF and sCD74 concentrations in patients with cirrhosis and ascites
in absence or presence of ACLF. Violin plots showing the distribution, median
and IQRs of serum concentrations of (A) MIF and (B) sCD74 in patients with
SDC, UDC, pre-ACLF, and ACLF. p values fromMann-Whitney U tests comparing
patients with acute decompensation with and without ACLF are indicated (not
significant). Serum concentrations of MIF from patients with CC (n = 41) are
shown for comparison. ACLF, acute-on-chronic liver failure; CC, compensated
cirrhosis; MIF, macrophage migration inhibitory factor; sCD74, soluble receptor
CD74; SDC, stable decompensated cirrhosis; UDC, unstable decompensated
cirrhosis.
characterised by higher MELD scores (median 25 vs. 14; p
<0.001), white blood cell (WBC) counts (9.0 vs. 6.4/nl; p <0.001)
and C-reactive protein (CRP) concentrations (42 vs. 29 mg/l; p =
0.02) than patients without ACLF.
MIF and sCD74 serum concentrations do not indicate presence
or grade of ACLF
To investigate whether MIF and sCD74 serum concentrations
might indicate presence and grade of ACLF both serum param-
eters were measured in the peripheral serum of included pa-
tients. MIF and sCD74 did neither differ between patients with
and without ACLF nor in patients with distinct ACLF grades
(Table 2, Fig. 1).
JHEP Reports 2021
Within the group of decompensated patients without ACLF at
baseline, we performed post-hoc stratification into the 3 different
trajectories of decompensated cirrhosis, that is stable decom-
pensated cirrhosis (SDC), unstable decompensated cirrhosis
(UDC) and occurrence of ACLF within 90 days (pre-ACLF) ac-
cording to the PREDICT study.42 Overall, there were no significant
differences between MIF and sCD74 concentrations in these 3
groups of acute decompensation when assessed using the
Kruskal-Wallis test (Fig. 1, Table S1). In addition, MIF and sCD74
serum concentrations did not significantly differ between pa-
tients of different sex, aetiology of cirrhosis, Child-Pugh class or
the presence of hepatocellular carcinoma (Table 2).

To assess whether MIF serum concentrations were elevated in
patients with decompensated cirrhosis, we included an addi-
tional cohort of patients with compensated cirrhosis (Table S2).
Median MIF concentrations did not significantly differ between
these 2 groups (3.1 ng/ml vs. 2.45 ng/ml, Fig. 1).

Higher MIF and lower sCD74 serum concentrations indicate
decreased 90-day transplant-free survival
To determine the association of MIF and sCD74 with transplant-
free 90-day survival in patients with acute decompensation of
cirrhosis, we identified the optimum cut-off for both serum
markers derived from ROC analysis and maximum Youden index.
The estimates of cumulative transplant-free survival at 90 days
were 57.9 ± 3.9% in patients with serum MIF concentrations >−2.3
ng/ml as compared with 76.7 ± 4.3% in patients with low serum
MIF concentrations <2.3 ng/ml (p = 0.003, log-rank test) (Fig. 2A).
The estimates of cumulative transplant-free survival at 90 days
were 73.5.9 ± 4.3% in patients with higher serum sCD74 con-
centrations >−66.5 ng/ml as compared with 59.3 ± 3.9% in patients
with low serum sCD74 concentrations <66.5 ng/ml (p = 0.018,
log-rank test) (Fig. 2B).

To further examine the prognostic significance of MIF and
sCD74 serum concentrations on short-term transplant-free sur-
vival in the presence of confounding parameters, univariate
analysis and multivariable Cox regression analysis were per-
formed. The unadjusted hazard ratio for death or transplant
within 90 days was 2.01 (95% CI 1.26–3.22) for MIF concentra-
tions >−2.3 ng/ml and 0.59 (95% CI 0.38–0.92) for sCD74 concen-
trations >−66.5 ng/ml (Table 3). Higher MIF concentrations and
lower sCD74 remained significant predictors of death or trans-
plant, when adjusted for the MELD score or the presence of ACLF
(Table 3). Higher MIF concentrations remained robust indicators
of poor outcome even after adjustment for inflammatory pa-
rameters (Table 3).

Among 290 patients, both serum sCD74 and MIF concentra-
tion could be determined. Here, 71 (24%) had low MIF and low
sCD74 concentrations, 39 (13%) had low MIF and high sCD74, 101
(35%) had high MIF and low sCD74, and 79 (27%) had high MIF
and high sCD74. Estimates of transplant-free 90-day survival was
97.3 ± 2.7% in patients with low MIF and high sCD74, whereas it
was only 53.8 ± 5.2% in patients with high MIF and low sCD74 (p
< 0.001, overall and pairwise log-rank test) (Fig. 2C).

Having analysed liver transplantation or death as a composite
outcome, we went on to analyse 90-day mortality defining liver
transplantation as a competing risk. In a multivariable Fine and
Gray regression model, both MIF concentrations of 2.3 ng/ml or
higher (subdistribution hazard ratio [SHR] 2.26; 95% CI
1.37–3.77; p = 0.002) and sCD74 concentrations of 66.5 ng/ml or
higher (SHR 0.60; 95% CI 0.38–0.94; p = 0.026) were significant
independent predictors of 90-day mortality.
4vol. 3 j 100221
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Fig. 2. MIF and sCD74 concentrations and transplant-free 90-days survival.
Kaplan-Meier analysis of transplant-free 90-day survival is shown for stratified
serum (A) MIF and (B) sCD74 concentrations. Both parameters were analysed
as dichotomised variables with cut-off values based on the maximal Youden
index. In C, stratification was performed for all patients with available serum
concentrations for both MIF and sCD74 serum concentrations. Values of sta-
tistical significance are (A) p = 0.003, (B) p = 0.018 and (C) p <0.001 in overall
and pairwise log-rank test. MIF, macrophage migration inhibitory factor;
sCD74, soluble receptor CD74.
Serum MIF concentrations do not correlate with hepatic
dysfunction but with markers of systemic inflammation
To further investigate the role of MIF in decompensated cirrhosis
from a context-dependent and functional point of view, we
investigated whether MIF is rather associated with the
JHEP Reports 2021
intrahepatic organ function or with the state of systemic
inflammation: Interestingly, MIF did not correlate with organ
dysfunction but with the state of inflammation as characterised
by white blood cell count, CRP, IL-10, and CXCL10 serum con-
centrations (Table 4). Notably, this correlation was not evident
for sCD74.

As systemic inflammation is a driver of ACLF and mortality in
patients with cirrhosis, we first confirmed that the majority of
deaths in patients with acute decompensation at baseline were a
consequence of developing ACLF (Table S1). Although patients
with the high-risk constellation, MIF >−2.3 ng/ml and sCD74 <66.5
ng/ml, could be identified in patients from all trajectories of
acute decompensation (Fig. 3A), a high-risk constellation was
found more often in patients presenting with or developing ACLF
within 90 days as compared with patients free of ACLF at base-
line or during follow-up (p = 0.001) (Fig. 3B).

The investigated MIF promoter variants G/C -173 and (CATT)5-8
-794 correlate with sCD74 concentrations but do not indicate
outcome
Next, we set out to evaluate if elevated MIF concentrations,
associated with decreased survival in patients with decom-
pensated cirrhosis, are determined by genetic variants. There-
fore, we assessed the distribution of 2 predominant MIF
promoter polymorphisms associated with MIF expression alter-
ations in our cohort: the SNP rs755622 and rs5844572 – a mi-
crosatellite marker of the tetra nucleotide motive ‘CATT’. Less
frequent genotypes (C/C; CATT7/X) of both polymorphisms show
increased basal transcriptional activity of the MIF pro-
moter.12,24,25 In our cohort, the MIF promoter variant SNP -173C
correlated with sCD74 concentrations as patients with the C/C
genotype had significantly decreased sCD74 serum concentra-
tions (Table S3). A similar trend was seen for patients with the
genotype CATT 7/X of the microsatellite CATT5-8 (p = 0.07, not
significant). However, both investigated promoter variants did
not correlate with MIF serum concentrations stating that genetic
predisposition does not represent the leading factor regarding
the determination of MIF serum concentrations in our cohort.
Additionally, neither SNP -173C nor microsatellite CATT5-8 indi-
cated short-term outcome (Table S4).

Liver cirrhosis is a significant source of MIF in decompensated
cirrhosis
To evaluate the source of MIF within the systemic circulation, an
independent cohort of patients undergoing TIPS insertion was
analysed. TIPS was implanted for different indications (Table S5),
44% of patients had ascites. Blood was drawn during TIPS
insertion from the right atrium and the portal vein. MIF con-
centrations were significantly higher in plasma from the right
atrium than the portal vein, consistent with the liver repre-
senting a significant source of MIF in patients with decom-
pensated liver disease (Fig. 4).
Discussion
The present study demonstrates for the first time that higher
concentrations of circulating MIF and lower concentrations of its
soluble receptor CD74 are associated with decreased short-term
transplant-free survival in patients with decompensated liver
cirrhosis. This association remained significant after adjustment
for MELD, age, and presence of ACLF, and was independent of the
presence or severity of ACLF. Consistent with publications
5vol. 3 j 100221



Table 3. Dichotomised serum concentrations of MIF and sCD74 indicate an increased risk of death or transplant within 90 days.

Serum MIF
Dichotomised >−2.3 ng/ml

Soluble CD74
Dichotomised >−66.5 ng/ml

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Unadjusted 2.01 (1.26–3.22) 0.004 0.59 (0.38–0.92) 0.02
Adjusted for MELD 1.70 (1.06–2.75) 0.03 0.62 (0.40–0.97) 0.03
Adjusted for ACLF 1.88 (1.17–3.02) 0.009 0.59 (0.38–0.92) 0.02
Adjusted for WBC* 1.75 (1.09–2.80) 0.02 0.64 (0.41–1.00) 0.05
Adjusted for CRP* 1.76 (1.10–2.84) 0.02 0.65 (0.42–1.02) 0.06
Adjusted for ACLF and WBC* 1.57 (1.07–2.32) 0.02 0.63 (0.40–0.99) 0.04
Adjusted for ACLF and CRP* 1.67 (1.04–2.70) 0.03 0.64 (0.41–1.01) 0.055

Univariate and multivariable Cox regression analysis of the risk for death or transplant within 90 days using dichotomised serum levels of MIF and sCD74. In multivariable
analysis, hazard ratios were adjusted for the MELD, presence of ACLF, and the inflammatory parameters WBC and CRP as indicated. Serum MIF and sCD74 were dichotomised
according to the maximum Youden index. ACLF, acute-on-chronic liver failure; CRP, C-reactive protein; HCC, hepatocellular carcinoma; MELD, model for end-stage liver
disease; MIF, macrophage migration inhibitory factor; sCD74, soluble receptor CD74; WBC, white blood cell count.
* Parameter was loge-normalised.
characterising MIF as a relevant pro-inflammatory cytokine in
inflammatory diseases,12,20,21 MIF serum concentrations corre-
lated with markers of systemic inflammation, but were largely
independent of genetic predisposition determined by common
MIF promoter polymorphisms. We were able to identify the liver
as an important source of circulating MIF in patients with
decompensated cirrhosis.

MIF is expressed by several immune cells, epithelial and
endothelial cells and exerts multifaceted pro-inflammatory
functions in immune cell recruitment and macrophage sur-
vival.21 Consistently, higher MIF circulating concentrations have
been shown to be associated with the severity of various in-
flammatory and autoimmune diseases.12 MIF has been identified
to play a key regulatory role in rapid innate immune responses as
it is pre-formed in cell types and can be released in response to
pathogen-associated factors such as LPS,43 which renders this
cytokine as an attractive readily accessible marker for the early
diagnosis of new diseases in the clinical practice. Subsequently,
MIF promotes macrophage surveillance and survival21 and am-
plifies inflammatory responses.44 In line with these observations,
MIF serum concentrations are increased in patients with critical
illness and septic shock and correlate with short-term
outcome.45

Patients with decompensated cirrhosis are at high risk for
bacterial infections and organ failure, characterised and often
amplified by systemic inflammatory responses. Inflammatory
and anti-inflammatory cytokines, often involved in leukocyte
migration and chemotaxis pathways, are elevated in decom-
pensated cirrhosis as compared with non-cirrhotic controls.8,46

This study reveals that patients with decompensated cirrhosis
exert higher MIF serum concentrations, which correlate with
Table 4. Correlation of MIF and sCD74 serum concentrations with markers o

MIF

Non-parametric correlation p v

MELD score 0.019
Bilirubin -0.067
Albumin 0.077
WBC 0.165 0
CRP 0.117
IL-10* 0.225 0.0
CXCL10* 0.157

CRP, C-reactive protein; CXCL10, C-X-C motif chemokine; MELD, model for end-stage live
WBC, white blood cell count.
* IL-10 and CXCL10 serum concentrations were available in 227 and 230 patients, resp
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prognostic markers of systemic inflammation such as white
blood cell count and CRP. In contrast to other inflammatory cy-
tokines and acute phase proteins, there was no correlation of
serum MIF with the presence and severity of organ failure in
decompensated cirrhosis.

Our data reveal that high MIF and low sCD74 serum con-
centrations are associated with impaired survival in patients
with acute decompensation of cirrhosis. In contrast to our hy-
pothesis, neither MIF nor sCD74 reliably indicated the presence
of already established ACLF. However, as patients with the high-
risk constellation, high MIF and low sCD74, as well as with the
low-risk constellation, low MIF and high sCD74, were found
across the 3 subgroups, it is tempting to speculate that the
determination of serum MIF and sCD74 could help for risk
stratification and prognosis prediction in acutely decompensated
patients beyond the existing phenotypic characterisation,42

which relies on knowing the outcome after 90 days. Given that
the major cause of death in our cohort was ACLF and we
observed an enrichment of patients with the high-risk constel-
lation (high MIF/low sCD74) in patients presenting with or
developing ACLF, we speculate that the balance of MIF and sCD74
may indicate patients at risk even before the development of
ACLF. However, 1 important limitation in interpreting MIF/sCD74
as a predictor of ACLF is the retrospective study design and the
post-hoc stratification of patients into the 3 trajectories of acute
decompensation.

Consistent with data on alcoholic hepatitis,16 we were able to
demonstrate the liver as a relevant source of circulating MIF in
decompensated cirrhosis. MIF levels in the right atrium were
higher than in the portal vein in patients undergoing TIPS
insertion even in the absence of acute liver injury.
f liver dysfunction and systemic inflammation.

Soluble CD74

alue Non-parametric correlation p value

0.74 -0.090 0.13
0.25 -0.062 0.29
0.20 0.064 0.28
.005 -0.101 0.09
0.05 -0.079 0.18
006 0.013 0.85
0.02 0.115 0.09

r disease; MIF, macrophage migration inhibitory factor; sCD74, soluble receptor CD74;

ectively. Non-parametric Spearman’s rho correlation coefficients are shown.
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Fig. 3. The frequency of patients with high MIF/low sCD74 serum concen-
trations differs within different phenotypes of patients with acutely
decompensated cirrhosis. (A) Absolute numbers of patients with different
MIF/sCD74 serum constellations within the different phenotype subgroups
SDC, UDC, pre-ACLF as well as ACLF are depicted. Only patients with available
data for both MIF as well as sCD74 serum concentrations were included in this
figure. (B) The percentage of patients with high MIF/low sCD74 serum con-
centrations was significantly increased within the subgroup of patients, who
presented with or developed ACLF within 90 days after inclusion (pre-ACLF,
ACLF) as compared with patients without ACLF at baseline and within 90 days
(SDC, UDC). Value of statistical significance is indicated as p = 0.001 from
Fisher’s exact test. ACLF, acute-on-chronic liver failure; MIF, macrophage
migration inhibitory factor; sCD74, soluble receptor CD74; SDC, stable
decompensated cirrhosis; UDC, unstable decompensated cirrhosis.
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Fig. 4. MIF plasma concentrations in the right atrium exceed MIF con-
centrations in the portal vein in cirrhotic patients undergoing procedure of
TIPS insertion. Matching plasma samples were drawn from the right atrium
and portal vein during TIPS insertion in cirrhotic patients. MIF plasma con-
centrations were measured by ELISA. The value of statistical significance is p
<0.001 with Wilcoxon’s signed rank test. MIF, macrophage migration inhibitory
factor; TIPS, transjugular intrahepatic portosystemic shunt.
Importantly, our data suggest a prognostic relevance of the
interplay of MIF and sCD74 in decompensated cirrhosis. The
function of sCD74 as a decoy receptor of circulating MIF has first
been characterised in autoimmune liver disease and primary
biliary cirrhosis,17 where serum sCD74/MIF negatively correlated
with disease severity. These data prompted the question
whether the relation of sCD74 and MIF distinguishes between
levels of systemic inflammation or predict disease progression in
advanced liver disease: Our data show the largest differences in
short-term transplant-free survival between patients with high
MIF and low sCD74 serum concentrations and patients with low
MIF and high sCD74 serum concentrations. Therefore, it is
tempting to speculate that MIF and sCD74 serum concentrations
might exert functions beyond biomarkers of liver-related end-
points: Soluble CD74 would be able to neutralise MIF in the
systemic circulation and specifically antagonise its proin-
flammatory function, which may be therapeutically employed.
This is supported by the fact that patients with MIF promoter
polymorphisms promoting higher MIF serum concentrations
(SNP -173C C/C genotype and microsatellite CATT5-8 7/X geno-
type)12,17 had decreased sCD74, presumably as a consequence of
binding to MIF. Apart from chronic liver diseases there is also
JHEP Reports 2021
evidence regarding a prognostically and functionally relevant
interaction of MIF and sCD74 in ischaemia/reperfusion injury
during cardiac surgery,47,48 where the presence of sCD74/MIF
complexes correlated with less acute kidney injury improved
oxidative stress, and altered MIF signalling in vitro.

In addition to using sCD74 as a decoy for MIF, strategies
antagonising MIF using small molecule inhibitors, DNA-based
vaccination strategies, or nanobodies have been successfully
tested in animal models of glomerulonephritis49 and sepsis;50,51

further therapeutic strategies have been published in detail in a
recent review.52 Based on our data it might be another important
and promising approach to block the pro-inflammatory activities
of MIF in inflammatory end-organ damage including decom-
pensated cirrhosis.
Conclusions
In summary, higher MIF and lower sCD74 serum concentrations
independently indicate poor 90-day transplant-free survival in
patients with acute decompensation of cirrhosis. Using MIF/
sCD74 concentrations for risk stratification in patients with
decompensated cirrhosis is intriguing as MIF serum concentra-
tions were largely independent of underlying hepatic and
extrahepatic organ dysfunction. Given our observation, that
higher concentrations of its soluble receptor sCD74 were asso-
ciated with improved outcome, it is tempting to speculate that
sCD74 could have therapeutic relevance in patients with
decompensated liver disease.
Abbreviations
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