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Alcohol-associated liver disease (AALD) is the third most common preventable cause for disease burden and
mortality in the US. AALD, including alcoholic hepatitis (AH), contributes to half of admissions from decom-
pensated liver disease and 20% of all liver transplants in the US. Peripheral blood cells contribute to systemic
inflammation, oxidative stress, mitochondrial dysfunction, and fibrosis in AALD and AH. Alcohol dysregu-
lates function of lymphocytes, neutrophils, monocytes, and tissue macrophages of the innate immune system.
These aterations in turn can modul ate adaptive immune responses. In this review, we describe these disruptive
effects of alcohol on cells of the innate and adaptive immune system and focus on cellular-based emerging
biomarkers on diagnosis and prognosis of patients with AALD and AH.
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Gut-liver axis

INTRODUCTION

Alcohalic liver disease is due to heavy acohol con-
sumption, which is typically defined as 3 3 drinks/day in
men and 2 2 drinkg/day in women for 35 years. As this
amount of acohol consumption may often exist with com-
pletely normal social and personal functioning of an indi-
vidua, the word alcoholic may inappropriately stigmatize
alcohol consumption behavior. Hence, there is increas-
ing acceptance to change the terminology to acohol-
associated liver disease (AALD). Although, this changeis
still evolving, the authors in this review will use the term
AALD when referring to alcoholic liver disease.

AALD isthethird most common causefor chronic liver
disease in the US after hepatitis C virus (HCV) infection
and nonal coholic fatty liver disease'. About two-thirds of
the US popul ation consumesal cohol at some point of their
life, with 8%-10% engaging in heavy alcohol use®®. The
clinical spectrum of AALD varies from steatosis or fatty
liver to more serious presentati ons such as steatohepatitis,
fibrosis, cirrhosis, and hepatocellular carcinoma (HCC)*.

Advanced liver disease occursin about 15%—20% of peo-
ple with heavy alcohol use, with potential for cirrhosis
and HCC". Alcohol use remains the third most common
preventable cause for any disease burden and mortality in
the US after smoking and hypertension®. It also contrib-
utes to about 5% of global mortality and disease-adjusted
life years lost, as AALD often occurs among relatively
younger populations®.

A major contributor to this high mortality is from a
unique clinical presentation of alcoholic hepatitis (AH),
which presents with acute chronic liver failure among
people with chronic and active use of acohol in heavy
amounts®®. Disease awareness and better management
have resulted in a decrease in AALD-related mortality in
the general population over the last century from 20 to
25 to <10 per 100,000 between 1910 and 2006, respec-
tively. However, thisisfar from 3 to 4 per 100,000, asthe
projected target for achievement by the WHQ?. Further,
outcome among patients with AH has not improved over
the last five decades’. One of the reasons for not being
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able to achieve the targeted or expected declinein AALD
mortality is the lack of effective and safe drugs for this
potential lethal condition since the recognition of acohol
as a direct hepatotoxicant over six decades ago®. More-
over, advancement in the field has been hampered by the
lack of animal models that accurately mimic the human
phenotype of AALD and AH with potentia for multi-
organ failure, infections, and mortality®™°. However, recent
interest in this area of research has led to the development
of new models for study™.

Immune-activated peripheral blood cells contribute
to the pathology of AALD and AH, including systemic
inflammation, oxidative stress, mitochondrial function,
andfibrosis. Inthelast few years, abnormalitiesin periph-
eral and tissue-resident blood cellsin AALD have led to
interesting and encouraging data on new biomarkers in
the management of AALD. In this review, we focus on
a) the effect of alcohol on innate and adaptive immunity;
b) abnormalitiesin peripheral blood cellsin stable cirrho-
sisand role of systemic inflammation in AALD and AH;
¢) mitochondrial dysfunction and cellular bioenergetics
inAALD; and d) emerging biomarkersin theAALD field
and their clinical utility throughout the course of AALD
in diagnosis, predicting response to treatment, early diag-
nosis of infections, and determining prognosis.

EFFECT OF ALCOHOL ON INNATE AND
ADAPTIVE IMMUNITY

Alterations to the normal functioning of the gut-iver
axis contribute to the pathology of AALD from multiple
insults, including direct effects of alcohol on the innate
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cells in the gastrointestinal tract™. Further, effects of al-
cohol on innate immunity can disrupt cross-talk between
innate and adaptive immunity, resulting in inhibitory ef-
fects on adaptive immune responses. For example, acohol
consumption among patients with AALD induces bacte-
rial overgrowth, dysbiosis of the gut microbiome with
predominance of harmful bacteria, and increases gut perme-
ability with translocation of gut bacteria across the portal
circulation to hepatic parenchyma®. Toll-like recptors-4
(TLR-4) or pathogen-associated molecular pattern recep-
tors on hepatic macrophages recognize these pathogens,
resulting in inflammatory signaling and immune activation
of peripheral blood cells™. Thisinflammatory signaling is
mediated by NF-kB and, more importantly, IL-1b pro-
duction from inflammasome activation®. The activation
of macrophages via lipopolysaccharide (LPS) of the gut
bacteria also mediates TLR-4 receptor activation™. The
resulting liver injury releases danger-associated molecu-
lar patterns, which in turn stimulates TL R-4 perpetuating
inflammatory signaling and pathology™.

Alcohol dysregulates key functions of most of the cells
of theinnateimmune system including lymphocytes, neu-
trophils, monocytes, and tissue macrophages (Fig. 1).

Lymphocytesin AALD

Lymphocytes play an important role in the pathogen-
esis of AALD. In addition to being components of the
innate immune system, these cells also provide adap-
tive immunity. As we understand, dendritic or antigen-
presenting cells (APC) and natural killer (NK) cells are
part of the immune system, while subsets of lympho-
cyte populations such as CD4, CDS8, T regulatory cells,
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Figure 1. Effects of acohol consumption on periphera blood cells.



ALCOHOL AND CELLULARABNORMALITIES

B lymphocytes, and NK T cells are part of the adaptive
immune system. Chronic acohol consumption inhibits
the activity and function of APC or dendritic cells, which
is more pronounced in AALD compared to patients
with cirrhosis from other etiologies'®. Alcohol consump-
tion activates T cells with production of cytokines and
chemokines including upregulation of NF-kB-mediated
inflammatory genes™. Alcohol inhibits the NK cells,
which have anti-HCV and antifibrotic effects. While NK
cells do not play much of arole in AALD per se, their
inhibition by alcohol may explain ahigher propensity and
increased severity of disease in the presence of concomi-
tant HCV among chronic alcoholics®™.

NK T cells, a major population of hepatic lympho-
cytes, produce interferon (IFN) and IL-4 with other
cytokines. NK T cells also protect against liver fibrosis
by balancing liver cell damage and protective mediators
such as IFN™. Dendritic cells promote hepatic injury by
acting as APC to the T lymphocytes, with subsequent
release of cytokines®™. In another study, chronic alco-
hol ingestion activated CD4 and CD8 T lymphocytes in
mice with AALD and without AALD compared to nor-
mal control mice". These changes were associated with
upregulation of CD80 and CD86, which are involved
in T-cell-mediated APC interaction. These data suggest
that chronic acohol consumption causes immune activa-
tion of innate immunity and T cells”. Similar findings
have been shown in humans with AH. For example, in
one tranglational study, proportion of lymphocytesin the
peripheral blood was reported to be increased in AH
patients compared to healthy controls (35% vs. 25%), with
this ateration persisting and remaining unchanged after
3 months of alcohol abstinence'. This increase occurred
in T-cell populations with increase in CD4, CD8, and NK
cells (CD3 and CD56), while the proportion of B cells
(CD19/CD5) decreased®. Recent studies have also shown
arole of upregulated programmed cell death 1 (PD1) and
T-cell immunoglobulin and mucin domain-containing
protein 3 (TIM-3) receptors, which inhibit host protec-
tive immunity. Antibodies to these receptors restored the
function of cells with production of interferon, suggest-
ing their potential utility in the treatment of AALD and
severe AH®.

Monocytes and Macrophages in AALD

Like dendritic cells, monocytes also act as APC.
Among patients with advanced liver disease and severe
AH, monocytesfail to respond with production of TNF-a,
which has been shown to be due to reduced human leu-
cocyte antigen-D related (HLA-DR) and increased MER
tyrosine kinase (MERTK) expression on cell surface”?.
A potential role of prostaglandin E2 has been postu-
lated as inhibitory to the function of these cells®. These
changes are associated with the inability of the monocytes
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and tissue-resident macrophages to mount inflammatory
responses against invading pathogens and antigens, re-
sulting in immune paralysis with development of liver
failure and secondary infections.

Kupffer cells comprise the majority of tissue-resident
macrophagesin the body and are activated by gut-derived
endotoxin in response to alcohol. This activation in turn
results in the release of cytokines and chemokines and
sets the stage for inflammatory signaling, as well as reac-
tive oxygen species production with oxidative stress™.
The protective function of these cellsisto clear the bacte-
rial load and endotoxins and prevent infections. With the
development of structural damage of the liver tissue in
AALD and loss of tissue macrophages and Kupffer cells,
patients remain at risk for bacterial infections, uncon-
trolled bacteremia, and sepsis®.

Neutrophilsin AALD

Neutrophils play an important role against invading
microorganisms, tissue trauma, or inflammatory signals.
Recruitment of neutrophils occurs in response to acute
liver injury or any systemic inflammatory signaling.
Neutrophils accumulated in the hepatic microvasculature
and sinusoids can transmigrate into the hepatic paren-
chyma if they receive a signal from distressed cells®.
The main function of neutrophils recruited into the liver
is to remove dead cells as a basis for regeneration, but
neutrophils may also be involved in mediating hepatic
inflammation and cell injury®. For example, recent stud-
ies demonstrate significant neutrophil accumulation in
the liver following chronic plus binge ethanol feeding in
mice with in vivo depletion of neutrophils by administra-
tion of anti-Ly6G antisera reducing liver injury®”?,

Neutrophil recruitment and activation are associated
with increased proinflammatory cytokines such as IL-8
and TNF-a with decreased levels of anti-inflammatory
cytokines such as IL-10%. After transmigration, neutro-
phils adhere to distressed hepatocytes through b(2) integ-
rins and ICAM-1 expressed on hepatocytes®. Neutrophil
contact with hepatocytes mediates apoptosis®, as well as
by oxidative killing via reactive oxygen species, leading
to hepatocellular oncotic necrosis”®. In one study of
35 AH patients, hepatocyte apoptotic index as measured
by TUNEL staining was associated with severity of AH
and Maddrey’s discriminant function score, but not with
the degree of neutrophilic infiltration on the liver tissue®.

Defects in phagocytosis and oxidative burst in neu-
trophils are transmissible by patient plasma to normal
neutrophils, suggesting a role of soluble factors such as
endotoxin and LPS¥. There is a suggestion that admin-
istration of TLR-4 inhibitors may restore defects in oxi-
dative burst, however not the phagocytic dysfunction
of neutrophils, suggesting that TLR overexpression may
be the result and not the cause of neutrophil activation®.
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Recently, these defects in neutrophils have been shown
to be due to a defect in myeloperoxidase release and the
AKT/P38-MAPK pathway, which is salvageable with
TLR-7/8 agonists, suggesting their potential therapeutic
role®. Further, these defects have been linked to outcomes
and with onset of infections and multiorgan failure®.
Patients with cirrhosis do decompensate with infec-
tions as a precipitating factor, suggesting the presence of
these neutrophil defects in stable cirrhosis patients™. In
a study on 108 cirrhosis patients, neutrophil phagocytic
dysfunction was associated with increased expression
of TLR-4 receptors, resting respiratory burst, inflamma-
tory cytokine levels, and phagocytic impairment. These
defects were associated with the severity of cirrhosis
and Child’s class®. Although patients with compensated
cirrhosis apparently had normal neutrophil function, a
trandational in vivo study showed phagocytic defect at
the site of inflammation®.

The genera purpose of early neutrophil infiltration
is to remove dead or dying cells as a prerequisite for
wound repair and regeneration. In fact, the degree of
neutrophilic leucocytosis and the density of neutrophil
infiltration on the hepatic tissue predict the outcome from
an episode of AH among patients with alcohol-related
cirrhosis and AALD**. In one study, levels of hepatic
growth factor derived from recruited neutrophils into the
liver were higher among 25 patients with AH compared
to 20 nondrinker healthy controls and 20 patients with
alcohol-related cirrhosis without AH®. Factors determin-
ing the protective role of neutrophils mediating hepatic
regeneration versus its damaging effects on the liver tis-
sue remain unknown. It is most likely that these defects
are acquired during peripheral circulation of these cells
through the bone marrow and reticuloendothelial system.
Another speculation is that younger cells recruited from
the bone marrow have better function and hepatic regen-
erative capacity. For example, use of growth factors such
as granulocyte colony-stimulating factor in patients with
acute-on-chronic liver failure and AH increases hepatic
density of bone marrow-derived young CD34" cells, with
benefits on hepatic regeneration, decreased occurrence of
infections, improved liver disease, and better survival™.

OXIDATIVE STRESSAND MITOCHONDRIAL
DYSFUNCTION

Hepatic inflammation, oxidative stress, and mitochon-
drial dysfunction also contribute to the pathophysiology
of AALD and AH?. Typically, mitochondrial dysfunction
is defined as a partial loss of activity in the enzymatic
components of oxidative phosphorylation, increases in
generation of reactive oxygen species, and/or mutations
and damage to mitochondrial DNA®4¢ Mitochon-
drial dysfunction in AALD can be caused by numerous
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factors following alcohol exposure, including inflam-
mation from gut-derived bacterial endotoxin™, hepatic
inflammation and apoptosis releasing damage-associated
molecular patterns, activation of Kupffer cells with
nitric oxide synthase induction and nitrative stress™*',
and mitochondrial-mediated metabolism of acohol
via the CYP2EL pathway of alcohol resulting in tissue
hypoxia and enhanced oxidative stress®®*>*, The central
role of mitochondrial dysfunctionin AALD isalso under-
scored by the recent finding that a mitochondrial-targeted
antioxidant, MitoQ, prevents steatosis in an animal
model of ethanol hepatotoxicity™. Similarly, treatment
with S-adenosylmethionine and betaine prevents chronic
alcohol-mediated impairments in mitochondrial function
at multiple levels, including mtDNA damage, oxidant
production, the proteome, and bioenergetics™. In addi-
tion, liver mitochondria after chronic alcohol adminis-
tration are much more sensitive to nitrative stress from
nitric oxide and reactive oxygen species-dependent pro-
tein inhibition**%%,

Bioenergeticsin Peripheral Blood Cells as a Marker
of Disease Sate and Mitochondrial Health

Peripheral blood cells activated in a disease state can
mediate processes involved in inflammation and cross-
talk with body tissues. It is becoming clear that bio-
energetics in peripheral blood cells may aso reflect the
disease state of peripheral organs and may be useful as
markers of disease severity and outcomes in many dis-
eases, including sepsis, diabetes mellitus, and neurode-
generative disorders™. In animal models, use of MitoQ
and other mitochondrial-targeted antioxidants has been
shown to be associated with reduction in steatosis,
decreased nitrative stress, improved tissue hypoxia, and
decrease in serum aminotransferase levels®*®. Thus,
periphera blood cells undergoing immune activation by
the systemic inflammatory state in AALD and AH may
be an appropriate setting to study mitochondrial health
as biomarkers of disease state and prognosis.

The traditional approach to assess bioenergetics has
been to isolate mitochondria from tissues or cells, and
then assess biochemical function using measurement of
oxygen consumption with added substrates or by per-
forming individual enzymatic assays for each respira-
tory chain complex. The limitation of this strategy is that
in vivo, extramitochondrial factors and compartments
regulate the supply of substrates for oxidative phospho-
rylation, thus regulating mitochondrial metabolism®.
With the advent of new high-throughput methods for
the measurement of oxygen consumption in intact cells,
bioenergetics can more readily be determined in clini-
cal samples®™®. The resulting bioenergetics profile may
then be useful for detecting subtle and early changes in
bioenergetics function, which may then be predictive of
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mitochondrial failure and development of disease®™*"*%,
It is also becoming evident that mitochondrial func-
tion in leukocytes is essential for normal immune
responses” % This concept has precedent in other
systemic and inflammatory disease states, where mito-
chondrial defects in monocytes and platelets have been
described, such as diabetes mellitus, Alzheimer’s disease,
and septic shock*%,

Assessment of Cellular Bioenergetics
in Peripheral Blood Cells

To determine cellular bioenergetics, we and others use
the XFe96 analyzer from Agilent Technologies (previ-
ously Seahorse Biosciences), which measures oxygen
and protons (pH) in the extracellular environment of
cell populations prepared using the techniques recently
described™*"%%, For example, the system is capable of
measuring 92 samples at a time (5 technica replicates
and 18 different conditions; cell types or patients) and is
equipped with four injection ports per well to allow for
injection of a compound of interest or to add inhibitors
that can aid in the elucidation of defectsin individual cel-
lular respiration pathways or enzymes™®. Overall oxy-
gen consumption rate (OCR) related to six key aspects
of mitochondrial function can be measured as shown in
Figure 2: @) basal mitochondrial respiration: this serves
as baseline respiration; b) the proportion of basal activity
that is linked to ATP production and level of proton leak
(after injecting oligomycin in the medium): an increase
in the proton leak is consistent with the mitochondria
becoming less efficient; ¢) the maximal oxygen respira-
tion (after injecting FCCP in the medium): a decrease
in this parameter would be consistent with a deficit in
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mitochondrial biogenesis, damaged mitochondrial DNA,
and/or oxidative phosphorylation proteins, d) the reserve
capacity (maxima minus basal respiration): determines
the threshold at which bioenergetics dysfunction occurs
(e.g., when reserve capacity is zero or negative, the cell
cannot meet the bioenergetics demand through mito-
chondria respiration and the bioenergetics threshold is
exceeded®; and €) the level of nonmitochondrial oxygen
consumption (after injecting antimycin in the medium):
represents other oxygen-consuming processesin thecells,
such as proinflammatory enzymes cyclooxygenases and
lipoxygenases.

EMERGING BIOMARKERSINAALD

Diagnosis of alcohol-related cirrhosis can be made
accurately in most cases without liver biopsy and using
clinical, biochemical, and imaging criteria®. However,
some of the clinically unmet needsin the field of AALD
are @) identifying subjects engaging in heavy acohol
consumption who are at risk for advanced liver disease,
b) diagnosing AH without a liver biopsy, c) assessing
response to specific treatment and personalized medicine,
d) early diagnosis of infections, and €) prognosis and pre-
dicting outcomes of the disease state. These biomarkers
can originate from blood or serum or plasma, urine, stool,
breath, and cell-based assays. In the following sections,
we highlight several potential new biomarkersin AALD
with asummary provided in Table 1.

Biomarkers for Risk of Advanced Liver Disease

As advanced liver disease with cirrhosis and HCC
develops in 15%—-20% of people with heavy alcohol
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Table 1. Emerging Biomarkersin Alcohol-Associated Liver Disease (AALD) and Alcoholic Hepatitis (AH)

Biomarker Comment

Biomarkersfor diagnosis of AH and severe spectrum of AALD

PNPLA3 gene polymorphisms PNPLA3 polymorphisms associated with severe AH in AALD patients™®

M1 macrophages Transformation of hepatic and circul ating macrophages to M1 phenotype in AH™77
WBC and platelets WBC and platelet counts >11 and >148,000, respectively, predict diagnosis of AH™
Trimethylamine (TMA) Breath trimethylamine (TMA) levelsto diagnose AH™

CCL-20 Higher CCL-20 in AH patients” (Fig. 3)

CK-18 fragments—M65 and M30 Higher CK-18 fragments and lower M30:M65 ratio in AH patients®®*
Monocyte bioenergetics Decreased basal, ATP, and proton leak-linked oxygen consumption in AH patients™
Biomarkersto assess treatment response and disease prognosis
Neutrophils Neutrophil infiltration and neutrophilic leukocytosis predict better outcomein AH
patients™
Dynamic model with MELD at baseline and Lille score at 1 week of corticosteroid
treatment is a better predictor of disease outcome from severe AH than either

MELD and Lille score

score alone®

SIRS and serum LPS Multiorgan failure and mortality higher in AH patients with SIRS; LPS predictive
of mortality®™*

Procalcitonin Predictive of AH patients with SIRS and infection™

CK-18 fragments—M 65 and M30
Gene signaling pathways

M30:MB65 ratio predictive of 30-day outcome™

Upregulation of hepatic regenerative pathway genes associated with steroid
response and good outcome; upregulation of inflammation pathway genes associ-
ated with nonresponse to steroids, progressive liver failure, and bad outcome®

Hepatic venous pressure gradient (HVPG) greater in nonsurvivors among severe
AH patients (HVPG > 22 mmHg)*

Improved bioenergetics parametersin five of eight AH patients treated with
corticosteroids™

Biomarkersto predict development of infection in AALD and AH

Hepatic venous pressure gradient (HVPG)

Monocyte bioenergetics

Bacterial DNA High circulating levels of bacterial DNA predictive of infection and infection-
related mortality'®
Oxidative burst Decreased oxidative burst and reduced NADPH oxidase predictive of infection

i n A H106,109

consumption, other disease-modifying factors likely play
a role in predisposing an individual to advanced liver
disease’. There are emerging data on the PNPLA3 GC
and GG polymorphisms association with AH phenotype
among patientswith AALD®*, For example, GC and GG
polymorphisms of the PNPLA3 gene compared to CC or
wild-type gene predispose an individual to susceptibility
of AALD and advanced and severe spectrum of the dis-
ease®. There is emerging data to show that the transfor-
mation of hepatic and peripheral circulating macrophages
to proinflammatory phenotype or M1 macrophages with
decreased immune activation and cytokine signaling
characterizes the disease pathology of AH®™. In this
regard, studies designed to characterize the phenotype of
peripheral macrophages are éttractive as they might also
serve as unique biomarkers to identify individuals likely
to develop AH.

Biomarkers for Noninvasive Diagnosis of AH

Asthe clinical diagnosis of AH may be inaccurate in
20-30% of cases, either due to questionable history of
alcohol consumption or confounding by the presence of

liver disease etiologies other than acohol, liver biopsy
remains the gold standard for its definitive diagnosis”’.
Liver biopsy being invasiveisnot without complications
in these sick patients with liver and multiorgan failure
with coagulopathy. Moreover, leucocytes and platelets
respond to systemic inflammation with increasesin their
peripheral counts. For example, in a clinical study of
suspected AH patients undergoing liver biopsy, a white
cell count >11 and a platelet count of >148,000 had
an accuracy of about 85%-90% for diagnosis of AH™.
Interestingly, gut bacteria convert phosphatidylcholine,
a component of dietary lipids to trimethylamine (or
TMA), which further gets converted to TMA oxide by
hepatic flavin monooxygenases”. Importantly, patients
with chronic liver disease have reduced conversion of
TMA to its oxide, which is augmented by intestinal
bacterial overgrowth and dysbiosis induced by alcohol
consumption”. In one study, breath levels of TMA were
useful in stratifying AH diagnosis among patients pre-
senting with decompensated AALD™. Alcohol exposure
of the HepG2 cells also stimulates secretion of extra-
cellular vesicles by hepatocytes, which then leads to
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activation of macrophages, resulting in caspase 3 acti-
vation™. Cytokeratin-18 (CK-18), a main component of
Mallory—Denk bodies, is released in response to hepa-
tocyte injury in AH and is carried within the vesicles
released from hepatocytes. Two components can be
detected in the serum: one with total and the fragmented
form (or M65) released in response to total cell death
or necrosis, and the cleaved fraction (or M30), which is
released in response to apoptosis™. Patients confirmed
to have AH on transjugular liver biopsy have been
shown to have higher levels of both the fractions of
CK-18 and levels of chemokine CCL-20""". In another
study, patients with AH compared to healthy controls
and decompensated cirrhosis due to alcohol had lower
M30:M65 ratio”™. As systemic inflammation in AALD
and AH suppresses mitochondrial function and bioen-
ergetics, we examined the importance of studying this
in peripheral monocytes in our prospective cohort con-
sisting of 63 decompensated AALD patients, 28 with
severe AH. Our preliminary data showed reduced basal,
ATP linked, and proton leak-linked mitochondrial OCR
in AH patients. In alogistic regression model, basal and
ATP-mediated OCR predicted diagnosis of AH among
decompensated AALD patients, after controlling for
serum bilirubin and white blood cell count’. Further, in
a subset of 32 (14 with severe AH) patients from this
cohort, cytokine profile measured using the multiplex
approach showed CCL-20 levels (mean+ SEM) to be
higher in AH patients compared to 18 patients with
decompensated AALD without AH (1,256 + 57 vs. 434 +
36 pg/ml, p=0.032) (Fig. 3).

Biomarkers for Predicting Response to Treatment

Currently, corticosteroids are the only available ther-
apeutic option for the treatment of severe AH*®", How-
ever, these drugs are limited in a major way due to
noneligibility in about 40% of AH patients, unpredictable
nonresponse in about 40%, which can only be determined
at 1 week after administration of these drugs, and risk
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of complications and infections™. Further, the mortality
benefit is limited to only about a month from the pre-
sentation, with no long-term survival benefit from these
drugs®. Patients with hepatorenal syndrome also do not
respond to corticosteroids, and it is recommended that
the hepatorenal syndrome be treated first before initia-
tion of corticosteroids®. Response to corticosteroids is
inherently based on the immune activation in a patient
with AH. Thiswas shown in an in vitro study, where iso-
lated lymphocytes from AH patients compared to those
from healthy controls were less sensitive to inhibition of
their proliferation by corticosteroids, and this was further
reduced in nonresponders to corticosteroids compared to
responders™. Thus, there remains a knowledge gap and
critical need for simple biomarkers that will aid in pre-
dicting responsiveness to corticosteroids and also as a
way to better personalize the medical therapy of severe
AH patients.

Further, we have learned about the important benefi-
cial aspects of hepatic and macrophage-derived TNF on
the hepatic regenerative capacity from studies showing
thedetrimental effects of anti-TNF agentsin patientswith
severe AH®. Further, neutrophil infiltration on the liver
biopsy and neutrophilic leukocytosisin these patients are
favorable markers for better prognosis and surviva in
severe AH™. In arecently reported study on severe AH
patients from India and France, gene expression studies
performed on the hepatic tissue showed that upregula-
tion of genes involved in hepatic regenerative pathways
is associated with responsiveness to steroids and better
outcome™. Until these biomarkers are validated in multi-
center studies with larger sample sizes, steroid respon-
siveness will continue to be determined using Lille score
at 1 week or at least 4 days of steroid therapy®’.

In our prospective cohort, of the eight AH patients
treated with corticosteroids, repeat bioenergetics mea-
surements on basal, ATP linked, and maximal mitochon-
drial OCR in the peripheral monocytes tended to improve
in five responders (Lille score: <0.45); however, this

AH

Figure 3. Levels of chemokine CCL-20 in serum comparing 18 patients with acoholic cirrhosis (AC) versus 14 patients with

alcohalic hepatitis (AH).
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tended to decrease or remain unchanged among three
nonresponders’. Although corticosteroids predominantly
have anti-inflammatory effects®, there is some evidence
that these drugs may stimulate synthesis of mitochondrial
proteins®"®. These data support the hypothesis that circu-
lating leukocytes may serve as real-time sensors of mito-
chondria function and liver disease pathology, aswell as
be sensitive to therapeutic intervention.

Biomarkers for Assessing Prognosis of Disease

Of the various scoring systems available to gauge
disease severity and prognosis of patients with AH, tradi-
tionally modified discriminant function (mDF) index and
model for end-stage disease (MELD) score are used in
clinical practice® . Dynamic modeling using the MELD
at baseline and Lille score at 1 week of corticosteroid
treatment also appears to provide better prediction of
outcomes than either of the two scores alone®™®%, Of
the clinical variables, hepatic encephalopathy and pres-
ence of systemic inflammatory response syndrome (SIRS)
are the most consistent and reliable markers for disease
severity and predicting outcome™®. For example, SIRS
is an accurate predictor for onset of renal failure in these
patients, amajor determinant of patient mortality®. Liver
biopsy performed in about 15%—20% of these patientsin
the US mainly for diagnostic uncertainty also provides
prognostic information™. It must be recognized that these
scoring systems provide prognosis on a short-term basis,
and the long-term outcomes in these patients are mainly
dependent on their ability to remain sober after recov-
ery from the episode of AH®, as about 30%-35% and
40%-50% of severe AH patients relapse to alcohol use
within 6 months and 1 year, respectively®. Currently, there
are no factors or variables that can accurately predict risk
of relapse to alcohol usein this population.

Data are a'so emerging on the role of LPS and pro-
calcitonin levels in predicting response to treatment and
onset of multiorgan failure, a major cause of death in
patients with severe AH*. Serum biomarkers of systemic
inflammation especialy extracellular vesicles, CCL-20,
and CK-18 M65:M 30 levels have shown promise in esti-
mating disease outcome and prognosisin AH patients’ .
In one study, M30:M#65 ratio was better than traditional
scores of estimating disease severity of AH and its out-
come at day 30 from presentation’. Progression of liver
faillurein AH and other liver diseasesis abaance between
progression of sterile inflammation and regenerative
capacity of liver parenchyma. Inthisregard, levels of anti-
inflammatory cytokines such as IL-10 or IL-22 and inflam-
matory cytokines and chemokines including CCL-20 have
emerged as predictors of patient outcome”. Further, gene
expression studies performed on liver tissue have shown
upregulation of genes involved in hepatic regeneration
among patients responsive to corticosteroids and good
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outcome, and genes involved in inflammation signaling
pathways upregulated in patients nonresponsive to treat-
ment with progressive liver failure and bad outcome®.
Invasive technique like hepatic venous pressure gradient
measurement has also been shown to predict outcomes
and disease course; however, this has not been used for
this sole purpose in practice in this popul ation®,

Biomarkersfor Early Diagnosis of Infections

Infection isacommon occurrence and follows patients
with liver failure including those with severe AH®.
Infections occur in about 30%-50% among hospitalized
cirrhotic compared to 5%—7% of hospitalized patients
from causes other than liver cirrhosis'®*®. Abnormalities
of innate and adaptive immunity especially in neutrophils
among AALD patients make them susceptible to bacterial
infections'®. Also, immunocompromised state of cirrho-
sis and portal hypertension bypassing of gut bacteria and
endotoxins to systemic circulation set the stage for devel-
opment of infectionsin these patients'®. Further, cytokine
storm of ongoing inflammation and pathology in AH can
also cause immune paralysis with susceptibility of these
patients for multidrug-resistant and fungal nosocomial
and hospital-acquired infections, which are less respon-
sive to antibiotics, and may progress to development of
septic shock and high mortality’®'®. This risk increases
further with treatment of these patients, especially with
corticosteroids™'®. The accurate diagnosis of infections
in these patients often becomes difficult, as features of
SIRS are not accurate predictors of infection given the
frequent presence of sterile inflammatory state in these
patients'”’. Further, blood cultures can be negative in about
30%—40% of patients with bacterial sepsis, and there is
often alag time of many weeks beforefungal cultureresults
are available'®. Over the last few years, biomarkers have
emerged to predict bacterial infections in these patients,
such as procalcitonin, levels of bacterial DNA, oxida-
tive burst in monocyte and neutrophils, and extracellular
vesiclesin peripheral blood samples® %1%,

Limitations of the Existing Biomarkers

Over the last decade or so, the field is widening and
expanding on the identification of biomarkers at every
stage of the disease of AH, including early diagnosis, esti-
mating prognosis, identification of infections, and deter-
mining responsiveness to treatment. However, al these
studies are from single centers with small sample size.
Further, many of these tests and assays are expensive,
involve a complex technique for measurement, and are
unavailable at many centers and are not commercially
available. Clearly, these encouraging data need further
validation on larger samples from multicenter recruit-
ment, before their routine application in routine clini-
cal practice. The ongoing studies in the NIAAA-funded
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consortia in the US are an ideal opportunity for joining
hands with other centers and investigators to collect
samples on well-characterized patients as a basis for the
development of accurate, simple, validated, and reliable
biomarkers for management of patients with AALD and
severe AH.
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