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2. Introduction

2.1 Background and aim

Chronic liver diseases (CLDs) are a long-term pathologic process that involves
developing devastation and regeneration of livers, eventually leading to cirrhosis.
The mechanism of CLD progression is difficult and unknown, however chronic
inflammation and bacterial infections may play a key part in this process (1, 2).
One of the most common complications of CLDs is spontaneous bacterial
peritonitis (SBP) (3). Some certain bacterial strains are regarded as the most
common reasons for SBP, such as Escherichia coli (E. coli), Pseudomonas
aeruginosa (P. aeruginosa), Streptococcus pneumoniae (S. peneumoniae),
Enterobacter cloacae (E. cloacae), Staphylococcus aureus (S. aureus),
Klebsiella pneumoniae (K. pneumoniae), Enterococcus faecium (E. faecium) (4).
However, few researchers have explored the impact of these prevalent bacteria

species on CLD patients and human hepatic cells.

Kupffer cells (KCs) are the most numerous innate immune cells in livers, as well
as resident macrophages (5). Through the interaction with pattern recognition
receptors, KCs phagocyte and scavenge cell debris, senescent red blood cells,
tiny particles, and complexes of proteins. KCs also remove harmful substances

and pathogens from the intestine such as endotoxic lipopolysaccharide (LPS) (5-
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7). KCs play a vital role in protecting the host by maintaining homeostasis as well

as in triggering immunogenic and tolerogenic immune responses. However,

because isolating KCs from human livers is challenging, there has been little

research into their function, instead, most studies concentrated on other

macrophages such as peripheral blood mononuclear cells and bone marrow-

derived macrophages. Understanding the function of KCs in patients with CLDs

may need thorough research of their role and mechanism.

CLD patients are typically treated with human serum albumin (HSA), an important

plasma protein. The long-term benefits of albumin in individuals with cirrhosis

remain controversial for years. The long-term administration of albumin to CLD

patients decreased the cumulative incidence of sequelae of cirrhosis and

systemic inflammation, such as SBP and non-SBP bacterial infections (8-10).

The expander role of albumin, which is based on its recognized oncotic

characteristics, is well-known among the reasons for albumin’'s advantages in

cirrhosis patients. However, it is now undeniably evident that albumin's

immunomodulatory activity becomes increasingly essential during liver cirrhosis

treatments (11-13). HSA binds inflammatory mediators such as lipoteichoic acid,

peptidoglycan, and LPS, which are Gram-negative and Gram-positive bacteria's

surface components that trigger the innate immune system as well as

inflammation via Toll-like receptor 2/4 (TLR 2/4) (12-15). The activation of Nuclear
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Factor-B (NF-B) by albumin therapy reduced LPS-induced inflammation and

elevated monocyte interleukin-6 (IL-6) gene production via NF-kB as well as the

extracellular signal-regulated kinase (ERK) pathways (16, 17). Following albumin

infusion, albumin can regulate innate immune responses to cirrhosis-associated

prostaglandin  E2-mediated immunosuppression  (18). Therefore, a

comprehensive investigation of albumin's role and mechanism in patients with

CLDs and human livers might be beneficial in providing a better understanding of

the dispute of albumin therapy in CLD patients.

In conclusion, our findings highlighted the protective role of albumin in CLD

patients and KCs, implying that albumin therapies intend to benefit KCs by

reducing microbial product damage apart from improving plasma osmolality,

providing a compelling rationale for aloumin use in CLD patients.

2.2 Albumin and infection

The therapeutic advantages of albumin in patients with CLDs have been

discussed for years. Several studies have failed to establish that giving albumin

to CLDs has any benefit other than postponing the development of renal failure

(19, 20). Nonetheless, the vast variety of potential advantages of albumin

treatment, including antioxidant function, immunomodulation, anti-inflammatory

action, and the transportation of multiple endogenous and exogenous chemicals,

has to be explored further (21). Some clinical trials have recently been

10
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undertaken in order to provide more compelling evidence of the advantages of
albumin supplementation in patients with CLDs. Long-term albumin
supplementation to patients with CLDs and ascites increased survival time,
reduced hospitalizations and complications, according to the findings (8, 10, 22).
Our study comprised 138 outpatients or consecutive hospitalized patients with
CLDs from July 2016 to March 2019, including chronic viral hepatitis B, primary
sclerosing cholangitis, autoimmune hepatitis, chronic viral hepatitis C, liver
cirrhosis, primary biliary cholangitis, steatosis hepatitis, nonalcoholic
steatohepatitis, alcoholic liver disease, cryptogenic cirrhosis, cystic liver disease,
Budd-Chiari Syndrome, hemochromatosis, liver adenoma, M. Wilson disease,
sarcoidosis, and toxic liver disease. A variety of blood indicators (KClI, Zinc, NaCl
bilirubin, GOT, Gamma-GT, INR, creatinine, and MELD Score) were examined.
To evaluate whether albumin levels have influences on inflammation and
infection of CLD patients, all 138 patients with CLDs were classified into two
groups: normal albumin (3.5 g/dl) and low albumin (<3.5 g/dl) according to their
albumin levels. The correlation between albumin and various clinical indicators
was assessed by linear regression with the Pearson statistic. In our investigation,
we discovered that blood albumin levels were shown to be negatively linked with
CRP concentration in CLD individuals, indicating that CLD patients with high

albumin levels had less infection. In addition, albumin levels were positively

11
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correlated with KCI, Zinc, and NaCl levels in patients with CLDs, but bilirubin,
GOT, Gamma-GT, INR, creatinine, and MELD Score were negatively correlated
with albumin levels, suggesting that low albumin levels might lead to more severe
liver damage in CLD patient. Aloumin has the capacity to bind and deactivates
considerable blood inflammatory mediators, including bioactive lipid metabolites,
nitric oxide, reactive oxygen species, and pathogen-associated molecular
patterns, which might explain why CLD patients with higher albumin have less

inflammation.

2.3 Protective effects of albumin

2.3.1 THP-1cells

Albumin's immunomodulatory role has lately received a lot of attention. In
patients with cirrhosis, lower blood albumin binds fewer prostaglandin E2 (PGE2)
molecules, resulting in raised PGE2 bioavailability and decreased the immune
response of macrophages to LPS (18), suggesting that albumin may boost
immunological activities in certain ways. KCs are a kind of immune cell that plays
a key role in the immune response. Thus, KCs were employed in our study to
investigate the relative mechanism of albumin in weakening inflammation.
Despite the fact that there were three clinical studies to verify the efficacy of
albumin on patients with CLDs alluded to above, one research found no

favorable effects in patients with cirrhosis [36]. Intriguingly, in the three clinical

12
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trials, a loading dosage of albumin administration was thought to be the cause

of having positive effects in CLD patients [12], suggesting that the concentration

of albumin administration is essential in demonstrating its benefits. Furthermore,

0.4 mg/ml albumin has been shown to promote PGE2-mediated

immunosuppression [18]. Therefore, we utilized 0.4 mg/ml albumin in our in vitro

experiments. Isolating KC from human livers is a difficult technique, and cell

number was restricted. THP-1 is a human monocytic cell line obtained from an

acute monocytic leukemia patient, and PMA-differentiated THP-1 cells are

widely used as a model for human macrophage function and biology [36]. As a

result, we employed THP-1 instead of KCs to assess the injury caused by various

microbial isolates and multiple concentrations of bacterial products as well as the

toxicity of albumin. The lactate dehydrogenase (LDH) in the supernatant was

used to assess the cell damage. First, we applied varied amounts of bacterial

products on THP-1 cells (1, 8, 16 g/ml) to assess the damage caused by

microbial isolates. The cell damage produced by 8 bacterial strains linked to

SBP, including Gram-negative and Gram-positive bacteria E. coli, E. faecium, K.

pneumoniae, E. cloacae, P. aeruginosa, S. peneumoniae, and S. aureus, was

then examined. Additionally, we investigated whether increasing albumin

concentrations (0.01-0.4 mg/ml) had any toxicity on THP-1 macrophages. Our

findings showed that bacterial product stimulation at 8 g/ml and 16 g/ml caused

13
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substantial damage to THP-1 cells. THP-1 cells were harmed by bacterial
products from all studied strains, regardless of Gram-negative or Gram-positive
bacteria, but with a 0.01-0.4 mg/ml concentration range, albumin had no toxic
effects on THP-1 cells as concentrations increased. Therefore, 8 g/ml bacterial
products and 0.4 mg/ml albumin were selected in the subsequent experiments
in term of albumin treatment. We stimulated THP-1 cells with 8 g/ml bacterial
products of four tested bacteria, including E. cloacae and E. coli TOP10 (Gram-
negative bacteria strains) and S. aureus and S. peneumoniae (Gram-positive
bacteria strains), in combination with 0.4 mg/ml albumin, to determine whether
albumin protects macrophages from bacterial injury. THP-1 cells were either pre-
treated with albumin (24 hours before microbial stimulation) or peri-treated with
albumin (at the same time with microbial stimulation). After 24 hours of microbial
isolate stimulation, the supernatant was collected for LDH measurement. Our
findings revealed that both pretreatment and peritreatment of albumin protected
THP-1 from microbial isolate damage.

2.3.2 Primary hepatic non-parenchymal cells

We isolated primary hepatic non-parenchymal cells (KCs, hepatic stellate cells
(HSCs), and sinusoidal endothelial cells (SECs)) from normal liver tissues from
patients with liver metastasis to determine whether albumin has the same effects
on these cells. Primary KCs, HSCs, and SECs were treated with albumin and

14
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stimulated with bacterial products as we did in THP-1 cells. In both pretreatment

and peritreatment conditions, albumin remarkably decreased cell damage

induced by bacterial isolates in KCs, showing identical results in THP-1 cells. We

presumed that the protective effects of albumin in THP-1 and KCs might be

attributed to albumin's capacity to bind inflammatory components, as described

previously. Another possibility is that albumin strengthens KC phagocytosis and

increases albumin levels inside cells, resulting in an additional synergistic

promotion of KC protection. Unexpectedly, bacterial products greatly increased

cell damage in HSCs, while albumin treatment did not show protective effects to

counteract cell damage. The polymerized albumin receptor has been discovered

on macrophages [37], and its involvement in albumin endocytosis has also been

characterized [38]. Stellate cells can also actively absorb albumin from external

sources [39]. Nonetheless, it is prominent that macrophages have greater

phagocytosis than stellate cells, which might be a cause of this surprising

outcome. Furthermore, neither bacterial product stimulation nor albumin therapy

had any considerable effects on cell injury in SECs. In brief, we hypothesized

that people with CLDs and normal albumin may inactivate inflammatory stimuli

and bacterial products, which permits KCs to function correctly and aids the

immune system's reaction to invading germs. Taken together with clinical data

above, we conjectured that CLD patients with normal alboumin might experience

15
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elevated CRP and more severe inflammation for a short period (acute
inflammatory reaction) due to a healthy immune system's response, however
eventually get back to normal thanks to the effective immune responses
maintained by albumin's protective effects on KCs, which helps to explain the
link between our CRP results in CLD patients and the cell damage data in in vitro
experiments. Consequently, we speculated that albumin's protective effects on
KCs could offer some advantages in terms of reducing inflammation in CLD

patients.

2.4 Relevant mechanism

TLRs, which are key molecules involved in bacteria-induced inflammation in
macrophages, are activated by bacteria or bacterial metabolites. TLR also
regulated the ERK and NF-kB signaling pathways, both of which are important
for a healthy immunological response [29,30]. ERK and NF-kB pathways are the
most important pathways participating in the TLR/MyD88/Interleukin 1 Receptor
Associated Kinase 4 axis that reacts to Gram-positive and Gram-negative
bacteria in livers (21-23). In In vitro experiments, albumin treatment activates
ERK and NF-B pathways, causing a dose-dependent increase in inflammatory
cytokines (acute inflammation responses) [40-43]. Throughout the MAPK-ERK
and NF-B pathways, metabolic waste products of bovine serum albumin

increased monocyte IL-6 gene expression (22). Besides, Zinc protects KCs

16
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against cell damage produced by bacterial isolates through ERK and NF-kB

pathways [28]. Thus, we reasoned that because Zinc and albumin have

comparable protective properties, there could be an interactive mechanism

between them. We postulated that ERK pathway and NF-kB pathway are

involved in albumin's protective effects on liver macrophages. As a result, we

performed immunofluorescence staining of p-ERK and p-NF-kB in KCs with E.

coli, and E. coli plus albumin treatment to identify the activation of both pathways.

Relative fluorescence intensity was utilized to evaluate the activation of both

pathways. Our results showed that E. coli stimulation enhanced the activation of

ERK and NF-kB pathways in KCs. Moreover, when compared to E. coli

stimulation, albumin had an amplifying influence on the initiation of the ERK and

NF-kB pathways triggered by bacterial products, revealing that potential

pathways for albumin's protective benefits might be ERK and NF-kB pathways,

and assisting in the comprehension of albumin's therapeutic advantages in

patients with CLDs.

17
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3. Summary

Chronic liver diseases (CLDs) are complicated illnesses that cause long-term
inflammation and infection, hastening their progression. For years, there has
been a debate on whether albumin should be applied in patients with CLDs. HSA
(human serum albumin) plays a prominent part in immunomodulation throughout
the CLD process. This study aimed to illustrate the immune-related advantages

of albumin treatment in CLD patients.

To determine the effects of albumin levels in CLD patients, we included 138
outpatients or consecutive hospitalized patients with CLDs from July 2016 to
March 2019 into our study cohort. Multiple blood indicators were evaluated,
including KCI, Zinc, NaCl, bilirubin, GOT, Gamma-GT, INR, creatinine, and MELD
Score. All 138 patients with CLDs were divided into two groups based on their
albumin levels: normal albumin (3.5 g/dl) and low albumin (<3.5 g/dl). The
association between albumin and various clinical indicators was assessed by
linear regression using the Pearson statistic. In our research, we observed that
blood albumin levels in CLD patients were negatively correlated with CRP levels,
implying that CLD patients with higher albumin levels had less infection.
Additionally, albumin levels were positively linked with KCI, Zinc, and NaCl levels
in patients with CLDs, but were negatively correlated with bilirubin, GOT,

Gamma-GT, INR, creatinine, and MELD Score, indicating that low albumin levels
18
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may contribute to more severe liver damage in CLD patients. Then, we performed

In vitro experiments to investigate further the effects of albumin in human livers.

First, we utilized varied quantities of bacterial products (1, 8, 16 g/ml) in THP-1

cells to examine different levels of cell damage. The cell damage caused by eight

bacterial strains associated with SBP, including E. coli, E. faecium, K.

pneumoniae, E. cloacae, P. aeruginosa, S. peneumoniae, and S. aureus, was

then examined. We also explored whether increasing albumin concentrations

(0.01-0.4 mg/ml) had any toxicity on THP-1. The cell damage was measured

using lactate dehydrogenase (LDH) in the supernatant. According to our findings,

THP-1 cells were enormously damaged by bacterial product stimulation at 8 g/ml

and 16 g/ml and by bacterial products from all strains examined, irrespective of

Gram-negative or Gram-positive bacteria, while alboumin had no harmful effects

on THP-1 cells when its concentrations were in the range of 0.01-0.4 mg/ml. To

determine whether albumin protects macrophages from bacterial damage, we

stimulated THP-1 cells and primary hepatic non-parenchymal cells (Kupffer cells

(KCs), hepatic stellate cells (HSCs), and sinusoidal endothelial cells (SECs)) with

8 g/ml bacterial products from four different bacteria, including E. cloacae and E.

coli TOP10 (Gram-negative bacteria species) and S. aureus and S. peneumoniae

(Gram-positive bacteria species), in combination with 0.4 mg/ml albumin.

Albumin was either pre-treated (24 hours before microbial stimulation) or peri-

19
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treated (at the same time as microbial stimulation) in THP-1 cells. After 24 hours

of stimulation of microbial products, the supernatant was harvested for LDH

measurement. We found that THP-1 and KCs were protected from the injury

caused by microbial isolate under both pretreatment and peritreatment with

albumin. However, in HSCs, bacterial products notably increased cell damage,

but albumin therapy did not present its protective benefits to neutralize cell

damage. Furthermore, neither bacterial product stimulation nor albumin

treatment to SECs caused any change of cell damage. To illuminate the potential

mechanism of the protective effects of albumin, we applied immunofluorescence

labeling of p-ERK and p-NF-kB in KCs with E. coli and E. coli plus albumin

treatment. We observed that the ERK and NF-B pathways were activated when

E. coli was stimulated in KCs. In addition, when compared to E. coli stimulation,

albumin had an amplifying effect on the ERK and NF-kB signaling pathways

triggered by bacterial products, indicating that the ERK and NF-kB signaling

pathways may be underlying mechanisms for albumin's protective benefits.

In conclusion, our findings indicated that albumin administration may assist

patients with CLDs in overcoming cell damage induced by bacterial infection,

which might be attributed to the protective effects of albumin in KCs, indicating

immunomodulatory advantages of albumin administration on patients with CLDs.

20
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As a result, we speculated that albumin supplementation may help patients with

CLDs reduce bacterial infection.

21
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4. Zusammenfassung

Chronische Lebererkrankungen (CLD) sind mit Entziindungen und Infektionen
assoziiert, die wiederum ein Fortschreiten der CLD beschleunigen. Seit Jahren
wird dartber diskutiert, ob Albumin bei Patienten mit CLD prophylaktisch
eingesetzt werden sollte. HSA (humanes Serumalbumin) scheint eine wichtige
Rolle bei der Immunmodulation zu spielen. Ziel dieser Studie war es, die
immunologischen Vorteile einer Albuminbehandlung bei CLD-Patienten zu

untersuchen.

Um die Auswirkungen des Albuminspiegels bei CLD-Patienten zu bestimmen,
haben wir 138 ambulante oder hospitalisierte Patienten mit CLD von Juli 2016
bis Marz 2019 in unsere Studienkohorte aufgenommen. Mehrere Blutwerte
wurden ausgewertet, darunter Zink, Bilirubin, GOT, GPT, Gamma-GT, INR,
Kreatinin und berechnet daraus auch der MELD-Score. Alle 138 CLD-Patienten
wurden anhand ihres Albuminspiegels in zwei Gruppen eingeteilt: normales
Albumin (23,5 g/dl) und niedriges Albumin (<3,5 g/dl). Albumin und weitere
Blutwerte wurden durch lineare Regression unter Verwendung der Pearson-
Statistik ausgewertet. Bei unseren Untersuchungen stellten wir fest, dass die
Albuminwerte im Blut von CLD-Patienten negativ mit den CRP-Werten
korrelierten, was bedeuten konnte, dass CLD-Patienten mit hoheren

Albuminwerten weniger Infektionen aufweisen. Daruber hinaus war der
22
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Albuminspiegel bei CLD-Patienten positiv mit dem KClI-, Zink- und NaCl-Spiegel
korreliert, aber negativ mit Bilirubin, GOT, Gamma-GT, INR, Kreatinin und MELD-
Score, was darauf hindeutet, dass niedrige Albuminspiegel zu schwereren
Leberschaden bei CLD-Patienten beitragen kdnnten. Anschlie3end flhrten wir
in-vitro-Experimente durch, um die Albumin-Effekte in menschlichen Lebern
weiter aufzuarbeiten. Zunachst verwendeten wir unterschiedliche Dosierungen
fur bakterielle Produkte (1, 8, 16 g/ml) bei der Inkubation der THP-1-Zellen.
Hiermit wurden verschiedene Stufen der Zellschadigung untersucht.
Anschlie3end wurde die Zellschadigung durch 8 verschiedene, mit einer SBP
assoziierten, Bakterienstdmme untersucht, darunter E. coli, E. faecium, K.
pneumoniae, E. cloacae, P. aeruginosa, S. peneumoniae und S. aureus. Wir
untersuchten auch, ob steigende Albumin-Konzentrationen (0,01-0,4 mg/ml) eine
Toxizitat fur THP-1 bedeuten. Die Zellschadigung wurde anhand der
Laktatdehydrogenase (LDH) im Uberstand gemessen. Unseren Ergebnissen
zufolge wurden THP-1-Zellen durch die Stimulierung mit bakteriellen Produkten
bei 8 g/ml und 16 g/ml sowie durch bakterielle Produkte aller untersuchten
Stamme stark geschadigt, unabhangig davon, ob es sich um Gram-negative oder
Gram-positive Bakterien handelte, wéahrend Albumin bei Konzentrationen im
Bereich von 0,01-0,4 mg/ml relativ wenig Auswirkungen auf THP-1-Zellen hatte.

Um festzustellen, ob Albumin Makrophagen vor bakteriellen Schaden schutzt,

23
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stimulierten wir THP-1-Zellen und primare hepatische nicht-parenchymale Zellen

(KCs, HSCs und SECs) mit verscheidenen bakteriellen Produkten in einer

Dosierung von 8 g/ml (E. cloacae und E. coli TOP10 (Gram-negative

Bakterienarten) und S. aureus und S. peneumoniae (Gram-positive

Bakterienarten)), in Kombination mit 0,4 mg/ml Albumin. Albumin wurde

entweder im Sinne einer Vorbehandlung eingesetzt (24 Stunden vor Stimulation)

oder gleichzeitig mit der mikrobiellen Stimulation der THP-1-Zellen. Nach 24

Stunden Stimulation mit mikrobiellen Produkten wurde Uberstand fir die LDH-

Messung gewonnen. Es zeigte sich, dass THP-1- und KC-Zellen sowohl bei der

Vorbehandlung als auch bei der Behandlung mit Albumin vor der durch das

mikrobielle Isolat verursachten Schadigung geschitzt waren. Bei den HSC

hingegen erhdhten die bakteriellen Produkte die Zellschadigung deutlich, aber

die Albumintherapie zeigte keine protektive Wirkung. Darlber hinaus bewirkte

weder die Stimulierung durch bakterielle Produkte noch die Behandlung von

SECs mit Albumin eine Veradnderung der Zellschadigung. Um den potenziellen

Mechanismus der schitzenden Wirkung von Albumin zu beleuchten, haben wir

die Immunfluoreszenzmarkierung von p-ERK und p-NF-kB in KCs mit E. coli und

E. coli plus Albuminbehandlung durchgefihrt. Wir stellten fest, dass die

Stimulation mit E. coli die Aktivierung der ERK- und NF-kB-Signalwege in

Kupfferzellen erhdhte. Dartber hinaus hatte Albumin im Vergleich zur E. coli-

24
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Stimulation einen verstarkenden Effekt auf die Aktivierung der ERK- und NF-kB-
Signalwege, die durch bakterielle Produkte ausgelést werden, was darauf
hindeutet, dass die ERK- und NF-kB-Signalwege moglicherweise die
zugrundeliegenden Mechanismen flr die schitzenden Wirkungen von Albumin

sind.

Unsere Ergebnisse deuten darauf hin, dass die Verabreichung von Albumin
Patienten mit CLD bei der Uberwindung von Zellschaden helfen kann, die durch
eine bakterielle Infektion ausgeldst werden, was auf die schiitzende Wirkung von
Albumin in Kupfferzellen zuriickzufihren sein kdnnte. Infolgedessen spekulierten
wir, dass eine Albumin-Supplementierung Patienten mit CLD helfen kdnnte,

bakterielle Infektionen zu reduzieren.

25
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