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Supplemental methods 

RNA isolation and qRT-PCR 

RNA was isolated using Trizol (Thermo Fisher Scientific) and the RNeasy Mini Kit (Qiagen, 

Heidelberg, Germany) according the manufactures instructions. RNA quantity and quality was 

measured using a NanoDrop spectrophotometer (Nanodrop Technologies, Wesington, USA) and an 

Agilent 2100 bioanalyzer (Agilent Technologies, Santa Clara, USA). Samples meeting a RNA integrity 

number criterion of >8 were used for subsequent studies. One microgram of cellular RNA was reverse 

transcribed into cDNA using SuperScript II reverse transcriptase and random hexamer primers 

(Invitrogen/Life Technologies, USA). The PCR reaction was carried out in a mixture that contained 

appropriate sense- and anti-sense primers and a TaqMan MGB probe in Taq-Man Universal PCR Master 

Mixture (Applied Biosystems, Foster City, USA). Beta-2-microglobulin was used as housekeeping 

gene. qRT-PCR amplification and data analysis was performed using the Lightcycler 96 (Roche Applied 

Science, Penzberg, Germany). Each sample was assayed in duplicate. The ΔΔCq method was used to 

determine relative gene expression levels. 

 

Next Generation Sequencing (NGS) and data processing 

NGS was performed on isolated CD14+ cells derived from ACLF patients and healthy controls or from 

CD14+ cells modulated in vitro with ACLF plasma. Briefly, poly-A containing mRNA molecules were 

purified from the total RNA input using poly-T oligo-attached magnetic beads. Standard Illumina 

unstranded poly-A enriched libraries were prepared and sequencing thereof (paired-end 75 bp reads) 

occurred on an Illumina NextSeq 500 half flow cell to a depth of 4.1-7.1 million reads per sample (in 

quadruple). After preprocessing, reads were aligned with STAR 2.4.1d to the reference genome of Homo 

sapiens (GRCh37.73) and counted with featureCounts 1.4.6 (1, 2). With the EdgeR 3.8.6 package of 

Bioconductor (3), generalized linear model (GLM) was fitted against the normalized counts (4).  

 

Data analysis 

To identify the differentially expressed genes between CD14+ cells of ACLF patients compared to 

healthy controls, unpaired analysis was performed. To identify significantly changed gene expression 

in isolated CD14+ cells that were cultured in the presence of serum we performed paired analysis. The 

individual results were combined, the average computed and the resulting p-values of the Limma and 

EdgeR packages were corrected for multiple testing with Benjamini–Hochberg to control false discovery 

rate for paired and unpaired analysis (5). A gene was considered differentially expressed if a 2log fold 

change >+1 or <-1 and a corrected p < 0.05. We used this in silico analysis to investigate the biological 

processes and KEGG pathways involved in ACLF. The genes differentially expressed in one direction 

in patients or after in vitro modulation were used as input in the software packet Webgestalt 

(http://www.webgestalt.org/). This program is designed for functional genomic, proteomic and large-

scale genetic studies. The software proposes, based on strict statistical testing, likely functional 
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networks, including: 1) GO (geneontology) Biological Process that are defined as operations or sets of 

molecular events with a defined beginning and end, pertinent to the functioning of integrated living 

units: cells, tissues, organs, and organisms (http://geneontology.org/) and 2) KEGG PATHWAYs, 

which is a collection of manually drawn pathway maps representing our knowledge on the molecular 

interaction and reaction networks (http://www.genome.jp/kegg/pathway.html). Additional analysis of 

molecular interactions was done using STRING 10.0 algorithmic, a software that can predict interactions 

based on literature and other electronic information. The program visualizes reported gene interactions 

whereby the lines indicate the strength of association (6). Notably, because the number of genes is 

mostly a fraction of all the genes assigned to a specific KEGG pathway, computer analysis can map the 

same gene sets to different molecular processes (having mutual genes but different function). 

Notwithstanding, further evaluation and data interpretation by the researcher is always required to 

allow integration with the biological setup. Further of importance is that we applied paired analysis in 

order to compensating for the biological differences that exists between individual healthy donors 

(natural variation present already at the time of monocyte isolation). Notably, with the hierarchic 

cluster analysis of in vitro gene expression this biological variation could not be compensated for in 

the same way as in paired analysis. 

 

  

http://geneontology.org/


H. Korf et al: Reviving monocyte function in ACLF (Supplement) 

4 
 

 

Supplemental Table 1: Clinical characteristics of patients admitted with decompensated 

cirrhosis and ACLF 

 

Clinical parameter Decompensated 

cirrhosis (n=19) 

ACLF 

(n=22) 

p-value 

Age (yrs) 59 [46-68] 54 [49-61] ns 

Gender, Male (%) (10(53%)) (12(55%)) ns 

Total bilirubin (mg/dl) 3 [2-5]† 15 [11-26]† p<0.001 

ALT (U/L) 26 [16-43]† 42 [30-82]† p=0.002 

AST (U/L) 56 [29-85]† 98 [61-220]† p<0.001 

ALP (U/L) 109 [91-162] 136 [122-188] p=0.002 

GGT (U/L) 70 [24-157] 106 [56-245] p<0.001 

Albumin (g/dl) 32 [26-34] 28 [25-32] ns 

Creatinine (mg/dl) 1.0 [0.8-1.6] 1.2 [0.8-1.7] p=0.008 

Platelet count (x109/L) 143 [88-188]† 83 [57-127]† p=0.01 

INR 1.6 [1.3-2.3]† 2.3 [2.1-2.8]† p<0.001 

MELD 16 [9-24]† 28 [22-35]† p<0.001 

Child-Pugh 10 [8-12]† 12 [11-12]† p<0.001 

Maddrey 

CLIF ACLF  (1,2,3) 

20 [14-59]† 

- 

83 [66-115]† 

(9/12/1) 

p<0.001 

 

Ascites (n(%)) (19(100%)) (18(82%)) p<0.001 

Encephalopathy (n(%)) (10(53%)) (15(68%)) p=0.002 

Renal failure (n(%)) (7(37%)) (9(40%)) p=0.03 

White cell count (x109/L) 7 [5-10] 10 [7-14] p=0.03 

CRP (mg/L) 13 [8-37] 33 [16-46] ns 

Blood culture positive (n(%))  (2(11%)) (8(36%)) ns 

Urine culture positive (n(%)) (3(16%)) (1(5%)) ns 

Infiltrates on chest X-ray (n(%)) (1(5%))† (11(50%))† p=0.002 

Antibiotic treatment (n(%)) (11(58%)) (19(86%)) p<0.001 

Steroid treatment (n(%)) (0(0%))† (14(64%))† p<0.001 

30-day mortality (n(%)) (0(0%)† (5(23%))† p=0.007 

Admitted to ICU (n(%)) (6(32%)) (13(59%)) p=0.005 

Data are presented as mean±SEM, median [IQR] or number of patients (%).†Decompensated vs ACLF p<0.05.  
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Supplemental Table 2: Clinical characteristics of patients included for monocyte 

transcriptional and functional analysis 

 

Clinical parameter Decompensated 

cirrhosis (n=4) 

ACLF grade 2 

(n=13) 

p-value 

Age (yrs) 66 [55-69] 57 [53-61] ns 

Gender, Male (%) (3(75%)) (10(77%)) ns 

Total bilirubin (mg/dl) 5 [4-5] 17 [10-23] p=0.002 

ALT (U/L) 21 [17-24] 47 [23-73] p=0.05 

AST (U/L) 43 [27-65] 124 [41-202] p=0.04 

ALP (U/L) 119 [77-267] 121 [106-192] ns 

GGT (U/L) 127 [16-635] 91 [30-264] ns 

Albumin (g/dl) 29 [27-32] 30 [23-36] ns 

Creatinine (mg/dl) 0.7 [0.6-1.0] 0.9 [0.7-1.5] ns 

Platelet count (x109/L) 82 [59-343] 93 [64-157] ns 

INR 1.9 [1.2-2.7] 2.6 [2.0-3.0] ns 

MELD 15 [11-25] 29 [24-32] p<0.001 

Maddrey 27  75 [56-147] - 

Ascites (n(%)) (4(100%)) (11(84%)) - 

Encephalopathy (n(%)) (3(75%)) (8(62%)) ns 

Renal dysfunction (n(%)) (0(0%)) (6(46%)) - 

White cell count (x109/L) 6 [4-7] 8 [7-11] ns 

CRP (mg/L) 11 [4-30] 24 [10-38] ns 

Blood culture positive (n(%))  - (2(15%)) - 

Antibiotic treatment (n(%)) (0(0%)) (0(0%)) - 

Steroid treatment (n(%)) (0(0%))† (0(0%))† - 

30-day mortality (n(%)) (0(0%)† (10(77%))† - 

Data are presented as mean±SEM, median [IQR] or number of patients (%).†ACLF vs Decompensated p<0.05  
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Supplementary Figure 1: Quantification of circulating cytokines and chemokines in patients with 

alcoholic liver disease. Cytokines and chemokines were measured in plasma samples collected from 

patients with ACLF (n=18), decompensated liver disease (n=9) and healthy controls (n=7) using 

MSDmesocale multiplex immunoassays. The results are displayed as Median and IQR (p > 0.05 was 

considered significant).  
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Supplementary Figure 2: Hierarchic clustering of gene expression of KEGG pathway hsa04612: 

antigen processing and presentation. Monocytes were isolated from control patients (n=5), Decomp 

(n=4) and ACLF (n=9) and NGS was performed. Clustering of pathway assigned genes resulted in 3 

major groups as indicated by different color (blue, orange and green).
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Supplementary Figure 3: Immunohistological quantification of MerTK-positive cells in the liver 

tissue of ACLF patients. Formalin-fixed paraffin-embedded liver biopsies or -explants were stained 

with a primary antibody directed against MerTK, followed by a standard horseradish peroxidase 

visualization step with 3,3'-diaminobenzidine. Representative light microscopy images of MerTK-

positive cells in decompensated- (A) and ACLF (B) patients. Black arrows indicate examples of MerTK 

positive cells. The number of MerTK cells was quantified and represented as a histological score 

according to the frequencies detected in the periportal- (C) or centrilobular (D) area.  
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Supplementary Figure 4: Monocytes from four different healthy donors were cultured in the presence 

of ACLF or normal plasma (20% v/v) and challenged with pHrodo-labeled S. aureus at a previously 

optimized host:bacterium ratio. The frequency of monocytes that engulfed the bioparticles was 

evaluated using the IncuCyte system over a period of 24 hours.  
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Supplementary Figure 5: Quantification of key metabolic parameters from monocytes of healthy 

donors. Isolated CD14+ monocytes were cultured in the presence or absence of ACLF plasma for 16 

hours as described in the methods section. Relative mRNA levels of or metabolic parameters were 

determined by means of RT-qPCR at the end of the culture period. (Mean ± SEM; n = 6). 
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