
121 

 
 

Adamczyk Katarzyna, Kasztelan-Szczerbinska Beata, Rycyk Anna, Cichoz-Lach Halina. New view on alcoholic liver disease - 

potential role of  PD1/PDL-1 pathway in the disease pathogenesis. Journal of Education, Health and Sport. 2019;9(11):121-127. 

eISSN 2391-8306. DOI http://dx.doi.org/10.12775/JEHS.2019.09.11.009 

https://apcz.umk.pl/czasopisma/index.php/JEHS/article/view/JEHS.2019.09.11.009 

https://zenodo.org/record/3544837 
 
 

 

 
 

The journal has had 5 points in Ministry of Science and Higher Education parametric evaluation. § 8. 2) and § 12. 1. 2) 22.02.2019. 
© The Authors 2019; 

This article is published with open access at Licensee Open Journal Systems of Kazimierz Wielki University in Bydgoszcz, Poland 
Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, 

provided the original author (s) and source are credited. This is an open access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike. 
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

 The authors declare that there is no conflict of interests regarding the publication of this paper. 
 

 Received: 25.10.2019. Revised: 04.11.2019. Accepted: 17.11.2019. 
  

  

  

 

 

 

New  view on alcoholic liver disease - potential role of  PD1/PDL-1 pathway 

in the disease pathogenesis 

 
Katarzyna Adamczyk, Beata Kasztelan-Szczerbinska, Anna Rycyk, Halina Cichoz-Lach 

 

Department of Gastroenterology with Endoscopy Unit, Medical University, Lublin 

 

Authors information and address for correspondence: 

1. Katarzyna Adamczyk MD, ORCID https://orcid.org/0000-0003-4861-7686, 

Department of Gastroenterology with Endoscopy Unit, Medical University, Lublin, e-mails: 

kasiaa890@wp.pl, kasiaa789@wp.pl,  address for correspondence: Poland, Lublin 20-954, 

Jaczewskiego Street 8 

                                                                                                                                                       

2. Beata Kasztelan- Szczerbińska PhD, Assistant Professor, ORCID 

https://orcid.org/0000-0002-7198-4428 , Department of Gastroenterology with Endoscopy 

Unit, Medical University, Lublin, e-mail: beata.szczerbinska@op.pl                                                                                   

3. Anna Rycyk MD, ORCID https://orcid.org/0000-0001-5625-0330 , Department of 

Gastroenterology with Endoscopy Unit, Medical University, Lublin, e-mail: aniarycyk@op.pl 

4. Halina Cichoz-Lach Professor, ORCID https://orcid.org/0000-0002-7337-835X , 

Department of Gastroenterology with Endoscopy Unit, Medical University, Lublin, email: 

halinacichozlach@umlub.pl 

 
Abstract 

Introduction: Exposure to chronic, excessive alcohol consumption, its breakdown 

metabolites, and gut-derived endotoxins dysregulate immune signaling leading to activation 

of inflammation. As a result, the non-resolving inflammatory response and development of 

alcoholic liver disease (ALD) may occur. There are still no pharmacological or nutritional 

therapies for treating patients with alcoholic liver disease. 

 

 Material and Methods: The information provided was collected as a result of various 

article’s analyses on the development, diagnosis, and treatment of patients with  the alcoholic 

liver disease using Google Scholar and PubMed databases. 

 

Results: The pathway consisting of the programmed cell death 1 (PD-1) receptor and its 

ligand PD-L1 may play a critical role in the inhibition of self-reactive and inflammatory 

effector cells and the protection against immune-mediated tissue damage. There is a 

possibility of the potential  gender-related differences in PD1/PD-L1 signaling in ALD. 
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Conclusion: The better understanding  of ALD  as a dynamic process and all aspects of 

immune dysregulation may be  important for the development of novel therapies in alcoholic 

liver disease. Results from a further study  on the PD1/PDL-1 pathway might be  exploited to 

re-define therapeutic targets and create sex-tailored treatments according to individual patient 

needs. 

 

Keywords: alcohol liver disease (ALD); immune dysregulation; programmed cell death 1 

(PD-1); gender difference 
 

Introduction and purpose of work 

          Health problems resulting from excessive consumption of ethanol are relevant issue  in 

most countries. Alcoholic liver disease (ALD) is a major cause of chronic liver disease 

worldwide and can lead to fibrosis and cirrhosis [5]. 

          The latest surveillance report by WHO showed that worldwide in 2016, more than half 

(57% or 3.1 billion people) of the global population aged 15 years and over had abstained 

from drinking alcohol in the previous 12 months while about 2.3 billion people are  current 

drinkers. Alcohol is consumed by more than half of the population in the Americas, Europe 

and Western Pacific. The prevalence of heavy episodic drinking (HED) - defined as 60 or 

more grams of pure alcohol on at least one occasion at least once per month -  has decreased 

globally from 22.6% in 2000 to 18.2% in 2016 among the total population, but still remains 

high among drinkers, particularly in parts of Eastern Europe and in some sub-Saharan African 

countries (over 60% of current drinkers). In 2016 the harmful use of alcohol was one of more 

frequent causes of 1.7 million deaths from noncommunicable diseases, including some 0.6 

million deaths from digestive diseases [1]. The  most  common alcohol-attributable digestive 

diseases  include liver cirrhosis and pancreatitis. Both of them are becoming  more frequent 

cause of mortality and morbidity globally, mostly in developed countries [2], causing about 

637 000 digestive disease-related deaths  in 2016. Alcohol-attributable pancreatitis resulted in 

30 000 deaths while alcohol-attributable liver cirrhosis caused almost 607 000 deaths [1]. As 

it can be seen, heavy drinking can cause permanent damage to the liver mostly because it is 

the primary site of ethanol metabolism. Chronic and excessive alcohol consumption produces 

a wide spectrum of hepatic lesions, the most characteristic of which are steatosis, hepatitis, 

and fibrosis/cirrhosis [4]. 

        Despite the ALD pathophysiology  relates largely to the direct toxic effects of alcohol, 

the  whole process of ALD development is complex and still incompletely understood. Till 

now there are  no FDA-approved pharmacological  therapies for treating  this group of patients. The 

progress in understanding and new concepts of the ALD pathogenesis may create a chance to 

bring new ways of prevention and early intervention in order to slow the disease progression, 

avoid or delay its clinical decompensation or even the need for liver transplantation in the 

future. 

 

Hepatotoxicity of ethanol 

         ALD is considered a complex disease in which numerous factors interact to allow for 

liver disease to occur. The cellular and molecular mechanisms of ALD pathogenesis are still 

incompletely understood but seem to be related to a complex interaction between behavioral, 

environmental and genetic factors [6]. A crucial component in the evolution of ALD is the 

direct toxicity of the first metabolite of alcohol degradation, acetaldehyde (AA) - a toxic and 

mutagenic metabolite of ethanol [7].  

          Two major enzyme systems can metabolize alcohol to AA via oxidative degradation – 

ADH (alcohol dehydrogenase) and  CYP2E1 of which alcohol dehydrogenase is the system 

primarily responsible for the processing of lower amounts of alcohol, while CYP2E1 is 
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inducible and contributes most to acetaldehyde production during heavy alcohol consumption. 

Apart from generating AA, CYP2E1 also contributes to oxidative damage by the formation of 

reactive oxygen species (ROS) such as superoxide anion and hydrogen peroxide [6, 7].  

Additionally, the induction of CYP2E1 correlates with NAD phosphate (NADPH) oxidase 

activity, the generation of hydroxyethyl radicals, lipid peroxidation and the severity of hepatic 

damage [8]. Toxic aldehydes formed during lipid peroxidation just as acetaldehyde can bind 

and built-up adducts with lipids, DNA and more. These DNA adducts conduce to mutations in 

a DNA molecule, damage of nucleotides thus leading to not only toxic but carcinogen results 

as well [9]. 

 

Pathophysiology and progression of ALD  

          Central to the progression of alcoholic hepatitis are resident and infiltrating immune 

cells called macrophages, which have important roles in inducing liver inflammation [4]. 

Kupffer cells (KCs), the resident macrophages in the liver, reside in the liver sinusoids and 

provide the first line of defense, serving as potent innate immune cells. KCs can regulate the 

development of inflammation, depending on their ability to either induce or suppress 

proinflammatory changes. Because the liver is exposed to countless antigens, pathogens, and 

toxic substances that come from the intestine via the portal circulation, it must be protected 

from developing an immune response to such exposure. That’s why KCs usually have 

tolerogenic properties, meaning that they do not respond to all antigens with an immune 

response. However, excessive alcohol exposure can switch KCs to a proinflammatory 

phenotype (M1). This type releases multiple proinflammatory cytokines, including TNFα, 

interleukins, and chemokines that attract inflammatory cells from circulation. KCs also are an 

abundant source of ROS that exacerbate oxidative stress in the liver. 

        The studies showed that a major factor in the initiation of the inflammatory response by 

resident macrophages of the liver is endotoxin or lipopolysaccharide (LPS), a cell-wall 

component of Gram-negative bacteria that translocates from the gut lumen into the portal 

circulation to reach the liver. Enhanced circulating endotoxin levels in alcoholic hepatitis are 

caused by alcohol-induced qualitative and quantitative changes in the bacteria that inhabit the 

gut and increased gut leakiness [10]. In the liver, LPS is sensed by two types of receptors - 

CD14 and toll-like receptor 4 (TLR4) - on the KC surface. These receptors activate KCs and 

stellate cells to produce reactive oxygen species (ROS) as well as proinflammatory cytokines 

and chemokines that together with alcohol contribute to hepatocyte damage [11]. Moreover, 

animal studies have revealed that increased circulating endotoxin levels correlate with the 

severity of liver disease [12]. 

         Among other prominent factors that can exacerbate liver inflammation  are MAA 

adducts that are produced in alcohol-exposed hepatocytes and  are taken up by scavenger 

receptors on KCs, further promoting the pro-inflammatory response [13]. 

         Other factors contributing to hepatocyte damage include alcohol-induced activation of 

various immune cells as well as alcohol’s effects on the adipose tissue, which results in the 

production of damage-associated molecular pattern (DAMP) molecules [4]. DAMPs are 

molecules released by stressed cells undergoing necrosis that act as endogenous danger 

signals to promote and exacerbate the systemic inflammatory response in the absence of 

infection [34,35].  

 

Immune dysregulation in ALD   

         Exposure to chronic and excessive alcohol consumption, its breakdown metabolites and 

gut-derived endotoxins dysregulate immune signaling leading to activation of the systemic 

and local pathways of inflammation [18, 19]. 
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         Cytokines are low molecular weight mediators of cellular communication produced by 

multiple cell types in the liver. Kupffer cells are prominent producers of pro-inflammatory 

cytokines, such as IL-1 and TNF-, as well as certain anti-inflammatory cytokines, such as    

IL-10. Hepatocytes are increasingly a recognized source of cytokine production and not just a 

target of cytokine toxicity in liver injury. Hepatocytes are important producers of chemokines 

such as IL-8, a major neutrophil chemotactic peptide and an angiogenesis factor   and also IL-

18, which regulates the inflammatory response.  

         Abnormal cytokine metabolism is a major feature of ALD.  Craig J. McClain et al. [14] 

were first to observe and  report dysregulated TNF-α metabolism in ALD patients with the 

observation that cultured monocytes (which produce the overwhelming majority of systemic 

circulating TNF-α and are a surrogate marker for Kupffer cells) from ALD patients 

spontaneously produced TNF-α and produced significantly more TNF-α in response to an 

endotoxin (LPS) stimulus than did control monocytes [15] . 

          Additionally, other  several groups reported  increased  serum concentration levels of 

TNF-α and TNF-α-inducible cytokines/chemokines, such as IL-6, -8, and -18, in patients with 

alcoholic hepatitis and/or cirrhosis, and levels correlated with markers of the acute phase 

response, liver function, and clinical outcome [15,16,17]. 

        However, insufficient response to corticosteroid treatment  among patients with ALD  

and lack of the  positive results in the studies with new therapy options  like pentoxifylline, a 

tumor necrosis factor-alpha (TNFα) suppressor, or  infliximab (an anti-TNFα mouse/human 

chimeric antibody) force to further research new concepts and pathways of ALD 

development. The immune‐mediated pathophysiological mechanisms  of  ALD turned out to 

be  far more complex than it was thought and still require further investigation to be fully 

clarified. 

 

Potencial role of  PD1/PDL-1 pathway in pathogenesis of ALD  

       Recent studies have elucidated the relevance of the programmed cell death 1 (PD-1) 

receptor and its ligand PD-L1 in inhibition of self-reactive and inflammatory effector cells 

and the protection against immune-mediated tissue damage. As a negative regulator, PD-1 

exerts a controlling influence on the response of previously activated T and B cells by binding 

its ligands PD-L1/PD-L2. 

         PD-L1 and PD-L2 are types I transmembrane glycoproteins. The expression of PD-L1 

constitutively exists  not only on T and B cells, DCs, macrophages, mesenchymal stem cells, 

and bone marrow-derived mast cells [20] - PD-L1 is also expressed on a large-scale in 

nonhematopoietic cells such as lung, vascular endothelial, fibroblastic reticular, liver 

nonparenchymal, and mesenchymal stem cells,  pancreatic islets, astrocytes, neurons, and 

keratinocytes [21, 22]. This wide extent of  PDL-1 expression boosts automatically its  

biological importance in almost every aspect of immune responses.  The signals transduced 

from PD-1 cross-linked with B- or T-cell antigen receptors,  restrict the intensity and duration 

time of the immune response, therefore as a consequence limit immune-induced tissue 

damage, control resolution of inflammation, and maintain peripheral immune tolerance [23, 

24].  

          The PD-1/PD-L1 pathway has been shown to play an important role in a variety of 

diseases, including cancer, autoimmune conditions, and chronic infection. It has been already 

investigated in several experimental animal models as systemic lupus erythematosus, 

encephalomyelitis, myasthenia gravis, diabetes mellitus, myocarditis, inflammatory bowel 

diseases, systemic sclerosis and rheumatoid arthritis. The recent studies has showed that its 

play a critical role in the prevention of disorders caused by impaired immune activation 

[25,26] and there are the first positive results of various diseases treatment with the use 

PD1/PDL-1 modulation. However, its impact on the development and progression of ALD 

https://www.physiology.org/doi/full/10.1152/ajpgi.00171.2004
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has not been entirely explained yet. It seems possible that alterations in the checkpoint 

inhibitor surveillance may be responsible for activation of the inflammatory response in the 

liver as well as the systemic character of the disease. Therefore, it seems to be justifiable to 

explore the expression of PD-1 and PD-L1 on peripheral T and B lymphocytes, its 

correlations with  the severity of liver dysfunction and conventional markers of inflammation 

in the course of ALD. 

 

Gender Difference in Alcoholic Liver Disease 

            As evidenced by studies, females have higher blood ethanol levels than males after an 

equivalent dose of alcohol [27] and have a significantly higher relative risk of developing 

alcohol-related liver disease. According to a study by Eriksson et al. and Sherlock & Dooley 

[28,29], chronic alcohol consumption may induce more rapid and more severe liver injury in 

females than males. Furthermore, females with alcoholic cirrhosis survive a shorter time than 

males. There are multiple explanations and conceptions for this. First, females are generally 

smaller than males and also their body water content is smaller than males per kilogram of 

body weight [30]. Second, alcohol is metabolized with the enzyme gastric ADH, that gastric  

activity is lower in females than in males. According to Nolen-Hoeksema’s study [31], this 

sex difference in the metabolism of alcohol appears to hold for younger adults but not older 

adults. ADH activity decreases with age, particularly for males, leading to similar blood 

alcohol concentrations in older males and females. This forces to further search explanations 

for different  sensibility for toxic effects of ethanol in males and females. 

           Muñoz-Cruz et al. thoroughly review the growing body of evidence that shows a 

reciprocal relationship between sex steroids and the immune system. Sex hormones have been 

suggested to  redound in the “female paradox”  by binding to receptors present on immune 

cells, which results in modification of gene expression, lymphocyte proliferation, antigen 

presentation, and cytokine secretion [32,33]. Females produce higher titers of circulating 

immunoglobulins, as well as of a variety of autoreactive antibodies. They display a more 

pronounced humoral immune response against infection in comparison with males [33].  

          Considering immune dysregulation involvement  in ALD progression and dissimilar 

sensibility to  toxic effects of ethanol in males and females, the potential  gender-related 

differences in PD-1/PD-L signaling in ALD development is possible as well. 
 

Conclusions: 

         The pathophysiology of ALD  is complex and remains not fully researched. It generates 

a problem in finding the right therapy for patients with alcohol-damaged liver. There are still 

no pharmacological or nutritional therapies for treating patients with alcoholic liver disease. 

Alcohol abstinence is an integral part of therapy but  liver transplantation remains still the 

life-saving strategy for patients with end-stage alcoholic liver disease. A better understanding  

of ALD  as a dynamic process and all aspects of immune dysregulation seems to be  important 

for further progress in the development of novel therapies in ALD. Results from a further 

study  on  PD1/PDL-1 pathway might be  exploited to re-define therapeutic targets and create 

sex-tailored treatments according to individual patient needs. 
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