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Abstract
Alcohol consumption is a widespread social activity with a complex and multifaceted impact on human
health. Although moderate alcohol consumption has been associated with certain potential health benefits,
excessive or chronic alcohol use can disrupt the body’s immune balance, promote inflammation, and
increase susceptibility to infections. The deleterious effects associated with alcohol toxicity include the loss
of cell integrity. When cells lose their integrity, they also lose the capacity to communicate with other
systems. One of the systems disturbed by alcohol toxicity is extracellular vesicle (EV)-mediated
communication. EVs are critical mediators of cell-to-cell communication. They play a significant role in
alcohol-induced pathogenesis, facilitating communication and molecular exchange between cells, thereby
potentially contributing to alcohol-related health issues. Investigating their involvement in this context is
fundamental to resolving the intricate mechanisms behind the health consequences of alcohol use and may
pave the way for innovative approaches for mitigating the adverse effects of alcohol on immune health.
Understanding the role of EVs in the context of alcohol-induced pathogenesis is essential for
comprehending the mechanisms behind alcohol-related health issues.
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Introduction And Background
Alcohol and inflammation
Alcohol is one of the most abused substances worldwide irrespective of the socioeconomic status of the
countries. Almost half of substance abusers are alcoholic and require medical attention for treating alcohol-
related organ damage and infections. Annually, alcohol abuse accounts for approximately 3.3 million deaths
worldwide and it is the fifth most common cause of death in the United States and Europe [1].

Alcohol consumption varies across gender and race/ethnicity. Worldwide, men consume more alcohol than
women, and American men are much more likely than women to use alcohol, binge drink, and report heavy
drinking. Among racial and ethnic groups in the United States, White individuals report the highest overall
alcohol use, with alarming trends in alcohol misuse observed among both genders and various ethnicities
over the past decade [2].

Alcohol abuse can cause injuries to several vital organs, including the liver, brain, gut, pancreas, and lungs.
Tissue injuries are caused by oxidative stress, inflammation, and impaired immune responses due to alcohol
metabolites [3]. The importance of this review lies in its contribution to understanding the multifaceted
impacts of alcohol on inflammation, immunity, infections, and extracellular vesicles (EVs) in pathogenesis.
The primary purpose of conducting this review is to consolidate and analyze existing literature to elucidate
the complex mechanisms underlying alcohol's effects on these key physiological processes. This review aims
to provide an overview of the interplay between alcohol consumption and its consequences on inflammatory
responses, immune function, susceptibility to infections, and EV-related dynamics.

Review
Alcohol enhances inflammation
Alcohol causes injuries to various tissues, which can reach up to cellular levels. Alcoholic metabolite-
induced breakdown of cell walls generates reactive oxygen species (ROS) formation. ROS can activate
nuclear factor-κB (NF-κB), a key inflammation-associated transcription factor [4]. Cell injury action of
inflammation is mostly driven by innate immune cells, including macrophages, antigen-presenting cells,
and neutrophils. Innate immune response, a nonspecific response, attacks foreign invaders or injurious sites
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to increase blood flow and subsequently facilitate cellular repair. Uncontrolled inflammation is deleterious
to tissues and various vital organs.

Alcohol-induced uncontrolled inflammation is one of the main reasons for several chronic inflammatory
diseases. Alcoholic liver disease (ALD) is caused by inflammation in the liver, particularly owing to the
increased pro-inflammatory cytokine response in the liver [5]. Alcohol-induced pro-inflammatory cytokine,
TNF-α, is the most significant factor for liver disease. The role of alcohol-induced cytokine TNF-α-
associated inflammation in liver cirrhosis was established in a TNF-α gene knockdown mouse, which was
resistant to alcoholic liver fibrosis/cirrhosis [6].

The reason for the poor recovery associated with ALD is the increase in serum inflammatory cytokine TNF-α
level, which is caused by circulatory monocytes. Alcohol consumption alters the levels of macrophage
colony-stimulating factor (essential for monocyte development and differentiation) in the serum, which
increases the inflammatory monocyte than monocyte-derived macrophage and is one of the reasons for ALD
[7].

Other alcohol consumption-related morbidities were well documented in human history. Dr. Robert Koch, a
well-known microbiologist and historian, observed that alcoholic individuals had more bacterial infection-
associated morbidities than their healthy counterparts [8]. Several reviews have reported that alcoholic
participants are prone to bacterial and viral infections [9,10]. Alcohol-altered or -suppressed immune
response in alcoholic individuals is one of the main reasons for their susceptibility to infections. It was
proven in an animal alcoholic model that acute administration of alcohol increases corticosterone levels in
the blood; corticosterone is a steroid that is associated with the reduction in lymphocyte levels in mice [11].

Inflammation is a continuing process in several injurious conditions, including liver cirrhosis or gut injuries,
due to the constant influx of pro-inflammatory cytokines produced by infiltrated macrophages and
neutrophils [12]. Alcohol-induced ROS production leads to the activation of inflammation gene-specific NF-
κB transcription factor and inflammasome signaling pathways [13,14]. IL-18, a cytokine specific to
inflammasomes, and caspase-1, one of the inflammasome components, were increased in the alcohol-
treated rats, which led to increased inflammation in the injured brain tissue [15]. Chronic alcohol
consumption leads to cellular injuries, and constant inflammation leads the normal cells to turn cancerous.
Alcohol can influence cellular signaling that turns normal cells into tumor cells in an animal model [16].

Chronic alcohol consumption alters the composition and growth of the gut microbiota which helps the
gram-negative bacterial growth and increases the circulatory lipopolysaccharide (LPS) [17,18]. Human and
animal studies have shown that with or without liver diseases, acute alcohol consumption significantly
increases circulatory LPS levels; endotoxin replicates the impact of ethanol on oxygen consumption, and
endotoxin plays a pivotal role in the rapid increase in alcohol metabolism by stimulating eicosanoid release
from Kupffer cells (KCs) [19,20]. Nitro-oxidative stress due to inducible nitric oxide synthase (iNOS)
expression, Nf-κB signaling activation, and microRNA-122 (miRNA-122) expression in the intestinal cells
due to alcohol are the main reasons for altered gut permeability [21,22]. Increased LPS accumulation in the
liver leads to the activation of KCs [23]. Leaked LPS acts on liver tissues and immune cells in the liver,
particularly the KCs, through the toll-like receptor (TLR) signaling pathway to increase the levels of
inflammatory cytokines, including TNF-α and IL-1β, which are the sources of inflammation-induced ALD
[5,24,25]. Adachi et al. reported that the deletion of KCs in the liver prevents the development of liver
disease in an alcohol-induced liver disease model [26].

Alcohol enhances immune imbalance and infection
The human immune system responds to invading pathogens in the following two ways: (1) nonspecific
innate and (2) specific adaptive immune response. The innate immune system recognizes pathogen-
associated molecular patterns (PAMPs) and produces inflammatory mediators, specifically pro-inflammatory
mediators, to control infections. Most of the pro-inflammatory mediators are considered double-edged
swords as they are well known for their protective response against infection; however, they were reportedly
causative in several diseases, including liver cirrhosis, chronic obstructive pulmonary disease, and other
gut-associated inflammatory diseases due to tissue damage by uncontrolled inflammation [27]. The immune
system and other tissues produce anti-inflammatory mediators that check and counter pro-inflammatory
mediators and the deleterious effects of inflammation. To avoid cellular injuries, a balance between pro-
inflammatory and anti-inflammatory responses is significant. Several external agents are acute and
chronically alter this balance, and one of such agents is alcohol.

Alcohol not only alters the balance of inflammatory mediators but also alters the responders (macrophages,
neutrophils, eosinophils, mast cells, T cells, and B cells) of the immune system to make the host susceptible
to infections [28,29].

Alcohol-induced imbalance in pro-inflammatory and anti-inflammatory responses is associated with
inflammatory diseases or severe infection under suppressed immune response against infection. Reduced
levels of the anti-inflammatory cytokine IL-10 lead to the production of pro-inflammatory cytokine TNF-α,
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which increases liver injury in chronic alcoholics [30]. Reduced IL-10 levels in the circulation increase IL-6
levels, which activates pro-inflammatory Th17 response in the liver, thereby leading to inflammatory liver
disease (Figure 1) [31].

FIGURE 1: Pathological processes involved in alcoholic liver disease.
Chronic alcohol consumption increases gut permeability, allowing endotoxins to enter the liver and trigger
inflammation. This inflammation leads to fibrosis. Cytokines released from the Kupffer cells further activate
immune cells and lead to hepatocyte injury or death.

Image created using BioRender.com

Acute alcohol exposure decreases the protective pro-inflammatory response against gram-negative bacteria
LPS by reduced transactivation of p50 complex in the Nf-κB transcription factor. The NF-κB signaling
pathway is important for inflammatory signaling activation in several innate immune cells [32]. TNF-α
prevents several bacterial infections; however, the action of TNF-α is impaired during acute exposure to
alcohol [33]. Alcohol directly alters TNF-α function by inhibiting pro-TNF-α conversion into the active form
[34]. Bacterial antigen LPS impairs the action of reduced inflammatory cytokine TNF-α in the lungs, thereby
leading to reduced neutrophil infiltration that increases bacterial load in acute alcohol-fed mice lungs [33].

Neutrophil, one of the innate immune system components, is essential for the clearance of infection.
Alcohol exposure impairs the neutrophil activity against infections. The granulocyte colony-stimulating
factor (G-CSF) is crucial for the activation of several granulocytes, including neutrophils. In alcoholic
conditions, the expression patterns of G-CSF are altered, thereby leading to reduced neutrophil
accumulation, potentially leading to pneumonia infection [35,36]. Inflammation caused by infiltrated
neutrophils and monocytes is the major reason for alcohol-induced liver injury [37,38].
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Alcoholic individuals are susceptible to infection owing to altered immune response. Pneumonia is one of
the bacterial infections caused by the alcohol-altered immune response. Schmidt et al. observed that
alcoholic individuals are more susceptible and have higher mortality due to pneumonia than non-alcoholic
individuals [39]. Community-acquired pneumonia and septic shock in alcohol-abused individuals are caused
by altered immune responses against Pseudomonas aeruginosa and Acinetobacter species [40]. P. aeruginosa is
an opportunistic infection in alcoholic individuals that is caused by altered inflammatory nitric oxide
production in the neutrophil, thereby leading to severe respiratory infection [41]. The inability of innate
immune cells to recognize several pathogenic and non-pathogenic bacteria is because of the alcohol-altered
innate immune cell TLRs' recognition of PAMP and suppression of several inflammatory cytokines [42].

Several epidemiological studies showed that alcohol abuse is the most significant reason for several
pulmonary infections, particularly of Mycobacterium tuberculosis, owing to alcohol-altered host immune
response against infection [43]. Chronic alcohol use alters the bacterial clearance capacity of alveolar
macrophages by reducing phagocytic activity, which along with superoxide production, is significant for
infection clearance [41,44]. Sachs et al. showed that reduced superoxide production and the altered
phagocytic activity of neutrophils increase the host’s susceptibility to bacterial infections [45].

Acute alcohol impairs chemokine expression in the lungs, particularly the neutrophil-attracting chemokine
CXCL 1 KC and growth-related oncogene-alpha (GRO-α). Reduced neutrophil infiltration leads to bacterial
infection following viral pneumonia in chronic alcohol users [46,47]. Chronic alcohol feeding in an animal
model showed that alveolar macrophages impaired the clearance of Staphylococcus aureus infection owing
to reduced cellular glutathione, increased lipid peroxidation, and alveolar macrophage apoptosis [48]. IL-23,
a significant mediator for Th17 immune response development, is suppressed in lung and alveolar
macrophages following acute alcoholic treatment. The lung innate immune system cannot handle bacterial
infection clearance without IL-23 [49]. Alcohol and alcohol-associated action about alcohol-mediated causes
are tabulated in Table 1. 
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Alcoholic
condition

Alcohol-associated action Alcohol-associated effect

Alcoholism [24] Activated Kupffer cells-associated TNF-a Alcoholic fatty disease

ALD [7] Increases macrophage colony-stimulating factor
Increased inflammatory monocytes lead to
ALD

Chronic alcoholism
[9]

Alcohol-associated reduction in granulocyte colony-stimulating factor
and IL-12

Klebsiella pneumonia infection

Chronic alcoholism
[9]

Alcohol-induced hepatocyte necrosis, infiltration of inflammatory cells
Severity of bacterial infection Listeria and
Borrellia increases

Alcoholism and
HCV infection [10]

Alcohol-induced oxidative stress alters the mitochondrial membrane
and reduces antioxidants, increases viral infection

HCV infection

Alcoholism [10] Reduces the DC-associated reduction of IL-12 and increases IL-10 Impaired DC leads to severe HCV infection

Alcoholism [11] Increases the corticosterone levels and reduces lymphocytes Immunosuppression

Alcoholism and
injuries [15]

Alcohol increases the inflammasome-associated IL-18 and neutrophil
in injuries

Severity of injuries increases

Chronic alcoholism
[21]

Alcohol increases nitric oxide, NF-κB signalling and intestinal-
associated microRNA-122

Permeability of gut and circulating LPS-
associated inflammation increases

Alcoholic cirrhosis 
[31]

Alcohol-induced IL-17, IL-8 and GRO-α-associated neutrophil
recruitment and injuries

ALD

Alcohol-associated
infection [34]

Alcohol inhibits the conversion of pro-TNF-a to active form Bacterial infection

Alcohol-associated
infection [43,48]

Alcohol-altered alveolar macrophage phagocytic activity and
superoxide dismutase

Bacterial infection (Mycobacterium
infection)

Chronic alcoholism
[49]

Alcohol reduces IL-23 and associated Th17 response Bacterial infection

TABLE 1: Alcoholic condition with associated action and effects.
TNF-α: tumor necrosis factor-alpha; IL: interleukin; MCP1: monocyte chemoattractant protein-1; Hmgb1: high mobility group box 1; NF-κB: nuclear factor
kappa B; GRO-α: growth-related oncogene-alpha; HCV: hepatitis C virus; LPS: lipopolysaccharide; ALD: alcoholic liver disease; DC: dendritic cell

Alcoholic conditions not only influence innate immune response but also influence adaptive immune
response by reduced lymphocyte content in the thymus due to reduced thymic size in chronic alcoholic
individuals [50]. Ethanol-fed animals are seen to have impaired T cell response against mitogen antigens and
delayed-type hypersensitivity response [51,52]. CD4+ T cell counts in the mucosal immune system are
altered in an experimental alcoholic intoxication non-human primate model [53].

Alcohol potentially alters the monocytes and monocyte-derived dendritic cells' (DCs') inability to activate T
cell response is a major factor in alcohol-related infectious diseases. Altered DCs produce more anti-
inflammatory IL-10, and reduced IL-12 levels lead to the development of various infections [54]. The
expression of CD80/86, which are surface markers of DCs, are stunted, and the levels of bone marrow-
derived DCs are decreased in alcoholic-fed mice, which are unable to mount T cell activation and drive
inflammatory IL-12 cytokine [55].

T cell response is essential for viral infection clearance. Alcohol has the potential to modulate T cell
response activation. A moderate dose of alcohol along with viral infection, particularly hepatitis C virus
(HCV), can modulate or reduce DCs’ interaction with T cell for T cell activation. This reduced DC activation
is because of IL-12 production from other cells under alcoholic intoxication. This is another reason for
alcoholic individuals’ increased susceptibility to developing severe liver infection by HCV [54]. Anti-viral
cytokine IFN-γ production in the innate and adaptive immune systems is severely impaired in alcohol-fed
mice [56]. HCV infection is one of the major causes of liver cirrhosis along with alcohol. Alcohol along with
HCV increases the susceptibility to liver diseases in the following three ways: (1) alcohol-stimulated viral
replication, (2) alcohol-associated dysfunctional immune response, and (3) alcohol-induced oxidative stress
in the mitochondria [57].
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HIV infection progression depends on CD4 T cell counts, and anti-retroviral treatment reportedly depends
on the use or withdrawal of alcohol consumption [58]. An animal model of simian immunodeficiency virus
infection showed that alcohol impairs the nutritional status and increases TNF-α in muscles to cause muscle
wasting [59].

Alcohol-fed animals showed that reduced T cell proliferation and altered CD4 and CD8 T cell counts were
major reasons for pulmonary tuberculosis in infected animals [60]. Animal studies reported that alcohol
intoxication leads to suppressed pro-inflammatory cytokines, such as IL-12 and interferon‐gamma (IFN‐γ);
however, this pro-inflammatory suppression due to alcohol mediated the increase in anti-inflammatory
cytokine IL-10 [61,62]. Alcohol intoxication, which inhibits the IL-17 cytokine production in T cells, helps
establish bacterial infection; however, the addition of external IL-17 reverses the immune cell functions and
clears the bacterial infection [63,64]. In patients with ALD, there is reduced IgG and IgG1 B cell levels in the
blood and impaired T cell-dependent B cell response as opposed to T cell-independent B cell response
[65,66]. Alcoholic-abusive individuals are more susceptible to influenza infection owing to an alternated
inflammatory environment in the lungs along with decreased CD8 T cell counts as observed in chronic
alcohol-fed mice [67].

EVs in alcohol-induced pathogenesis
EVs are small vesicles secreted by cells, and they play a role in intercellular communication by transporting
various molecules, including proteins, nucleic acids, and lipids [68,69]. Although studies on the specific
contributions of EVs to alcohol’s effects on inflammation, immune imbalance, and infection are ongoing,
some evidence suggests that EVs play a role in these processes. Alcoholic hepatitis (AH) is primarily driven
by hepatocyte damage and inflammation, wherein miRNA-122 plays a pivotal role. Although hepatocytes
have an abundance of miRNA-122 [70-72], the interplay between hepatocyte-derived exosomes and immune
cells in AH remains unexplored. A study reported a substantial increase in exosome levels in both healthy
individuals following binge drinking and mice consuming alcohol. Ethanol-treated hepatocytes in vitro
realized increased levels of exosomes, which contain miRNA-122. Treatment of THP1 monocytes with
hepatocyte-derived exosomes containing miRNA-122 resulted in the delivery of mature miRNA-122, leading
to the inhibition of the HO-1 pathway. Sensitization of THP1 monocytes with LPS stimulation resulted in
increased levels of pro-inflammatory cytokines. RNA interference, facilitated by exosome delivery, mitigates
the inflammatory effects of exosomes from ethanol-treated hepatocytes, underscoring the role of exosomes
in mediating communication between hepatocytes and monocytes and the miRNA-122-induced monocyte
reprogramming [73].

Alcohol exposure leads to a concentration- and time-dependent increase in EV production, primarily
exosomes, by human monocytes and THP-1 monocytic cells. These alcohol-induced EVs trigger naive
monocytes to transform into M2 macrophages, as indicated by the increased expression of macrophage
markers (CD68, CD206, and CD163), IL-10, and transforming growth factor-β (TGF-β) secretion, and
enhance phagocytic activity. Furthermore, profiling the miRNA in alcohol-exposed THP-1 monocyte-derived
EVs shows increased levels of miR-27a, an M2-polarizing miRNA. In a study by Saha et al., treating naive
monocytes with miR-27a-overexpressing control EVs replicated the impact of EVs from alcohol-exposed
monocytes, inducing M2 polarization, indicating that miR-27a mediated the effects of alcohol EVs [74]. In a
study by Saha et al., a notable elevation in the total count of circulating EVs was noted in mice ALD
compared with the pair-fed control group [75]. Mass spectrometric analysis of these circulating EVs unveiled
a unique protein signature, indicating involvement in inflammatory responses, cellular development, and
cellular movement, distinguishing ALD EVs from control EVs. ALD EV-recipient mice exhibited elevated
quantities of F4/80hi CD11blo KCs and higher proportions of inflammatory/M1 KCs expressing TNF-α and
IL-12/23, as well as infiltrating monocytes (F4/80intCD11bhi). Conversely, the percentage of anti-
inflammatory/M2 KCs marked by CD206 and CD163 was reduced compared with that of the control EV-
recipient mice. Furthermore, they also identified heat shock protein 90 present in ALD EVs as the mediator
responsible for activating macrophages in response to ALD EVs [75].

In a study by Momen-Heravi et al., a significant increase was observed in the number of circulating EVs
following alcohol consumption in mice, which were primarily composed of exosomes, a smaller subcategory
of EVs [76]. Analyzing these exosomes using microarray screening, they identified nine inflammatory
miRNAs with altered expression in mice with chronic alcohol consumption compared with the control mice.
Notably, miRNA-192, miRNA-122, and miRNA-30a were upregulated. ROC analysis confirmed that miRNA-
192, miRNA-122, and miRNA-30a had strong diagnostic potential for detecting alcohol-induced liver injury.
Subsequently, these findings were validated in human samples, where a similar increase in total EVs, mainly
exosomes, was observed in individuals with AH. Furthermore, both miRNA-192 and miRNA-30a showed
significant elevation in patients with AH, with miRNA-192 holding promise as a diagnostic marker for AH
[76]. According to the available literature, alterations in cellular protein and mRNA due to alcohol align with
corresponding changes in cargoes carried by EVs (Figure 2). This biomolecule exchange between cells leads
to heightened or reduced inflammatory responses in the receiving cells. Gaining a deeper comprehension of
the interaction between EVs and alcohol holds the potential for enhanced personalized healthcare for
individuals who partake in its consumption.
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FIGURE 2: Role of extracellular vesicles in alcohol-induced
pathogenesis
EVs are portrayed as small vesicular structures traversing the extracellular space/bodily fluids. EVs act as
messengers, facilitating communication between hepatocytes and immune cells. Alcohol-induced/consumed
hepatocyte-derived EVs (Hep-EVs)/ALD mice-derived EVs (ALD EVs) contain cargoes (miR122, miR27a, and
HSP90 protein) traversing into monocyte/Kupffer cells, thereby leading to cellular alterations (e.g., decreased HO-
1 pathway in monocytes; monocyte transforms into M2 macrophages by elevating CD68, CD206, CD163, IL-10,
and TGF-β levels; and elevation of F4/80, TNF-α, IL-12 and IL-23/decrease of CD206 and CD163 in Kupffer cells)
and inflammation.

EV: extracellular vesicle; CD: cluster of differentiation; IL: interleukin; TGF-β: transforming growth factor-beta;
TNF-α: tumor necrosis factor-alpha; ALD: alcoholic liver disease

Image created using BioRender.com

Conclusions
Alcohol abuse has direct effects on the cell membrane that damage several cellular protective mechanisms,
thereby leading to oxidative stress, which is one of the significant causes of various diseases caused by
alcohol abuse. The increase in severity and the occurrence of other comorbidities due to alcohol abuse are
caused by the indirect effects of alcohol on the cellular inflammatory mechanism and immune system. It is
important for the clinician to take note of the patient’s pre-history of alcohol use as clinical parameters vary
due to alcohol-induced inflammation. Armed with this knowledge, physicians can better counsel patients on
the risks associated with excessive alcohol intake and tailor preventative measures to mitigate
inflammation-related complications and infectious diseases. Moreover, the elucidation of alcohol's
influence on EVs offers novel avenues for therapeutic intervention and underscores the importance of
holistic approaches in managing alcohol-related pathologies. Through multiple studies, it has been
elucidated that alcohol intake disrupts the body's immune response, leading to chronic inflammation and
impaired defense mechanisms against pathogens. EVs emerge as crucial participants in the intricate web of
alcohol-induced pathologies, and understanding their role may pave the way for more targeted strategies for
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mitigating the impact of alcohol on inflammation, immune imbalance, and infection.
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