
 

 

 

 

 

 

CD44 IN MYELOID CELLS IS A MAJOR DRIVER OF LIVER INFLAMMATION 

AND INJURY IN ALCOHOL-RELATED LIVER DISEASE 

 

Déborah ROUSSEAU1; Stéphanie BONNAFOUS2; Frédéric SOYSOUVANH1; Dorian SARRAIL1; 

Manon BOURINET1, Axelle STRAZZULLA1, Stéphanie PATOURAUX2; Arnaud BORDERIE3; 

Bastien DOLFI4, Alexandre GALLERAND4, Marwin A FARRUGIA2; Véronique ORIAN-

ROUSSEAU5; Yingzheng XU6, Jesse W. WILLIAMS6; Stoyan IVANOV4; Albert TRAN2; Rodolphe 

ANTY2; Carmelo LUCI1; Philippe GUAL1$ 

 

1 Université Côte d’Azur, INSERM, U1065, C3M, Nice, France 

2 Université Côte d’Azur, CHU, INSERM, U1065, C3M, Nice, France 

3 Université Côte d’Azur, CHU, Department of Pathology, Nice, France 

4 Université Côte d'Azur, CNRS, LP2M, Nice, France 

5 Karlsruhe Institute of Technology (KIT), Institute of Biological and Chemical Systems – 

Functional Molecular Systems (IBCS-FMS), Karlsruhe, Germany 

6 Center for Immunology, Department of Integrative Biology & Physiology, University of Minnesota, 

USA 

 

 

 

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article distributed
under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any
way or used commercially without permission from the journal.

Hepatology Publish Ahead of Print
DOI:10.1097/HEP.0000000000001232

ACCEPTED

D
ow

nloaded from
 http://journals.lw

w
.com

/hep by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 01/21/2025



 

Keywords: Human; mouse; ALD; alcohol 

Running title: CD44 on alcohol-related steatohepatitis. 

$ Contact info: Philippe Gual, Ph.D., Inserm UMR1065/C3M, Bâtiment Universitaire 

ARCHIMED, Team "Chronic liver diseases associated with obesity and alcohol", 151 route Saint-

Antoine de Ginestière, BP 2 3194, 06204 Nice Cedex 03, France, philippe.gual@inserm.fr. 

 

Word count: 5992 

Graphical Abstract 

 

GA1 

ABSTRACT 

Background and Aims: Alcohol-related liver disease (ALD) is one of the leading causes of severe 

liver disease with limited pharmacological treatments for alcohol-related steatohepatitis (ASH). 

CD44, a glycoprotein mainly expressed in immune cells, has been implicated in multiple 

inflammatory diseases but has never been studied in the ALD context. We therefore studied its 

contribution to ASH development in mice and its expression in ALD patients 

Approach and Results:  Here, we report that liver CD44 expression is associated with liver injury 

and inflammation and its deficiency (Cd44-/-) partially protected mice upon chronic plus binge 

ethanol feeding (CPB-EtOH). CD44 deletion in myeloid cells (Cd44myel-KO) recapitulated the same 

protective effects associated with reduced inflammatory monocyte infiltration and neutrophil 

activation in the liver and diminished blood neutrophil-lymphocyte ratio (NLR). CD44-deficient 

neutrophils displayed reduced PMA-induced inflammatory mediator expression and increased 

phagocytosis of live bacteria. Cd44myel-KO mice were also protected against hepatic steatosis 

mediated by CPB-EtOH or chronic ethanol feeding, due in part to increased SIRT1 mediated fatty 

acid beta-oxidation. CD44 neutralization with antibodies strongly decreased liver injury and 
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inflammation (hepatic neutrophil frequency) and blood NLR upon CPB-EtOH. In samples from 

ALD patients, hepatic CD44 expression increased with ALD severity, correlated with hepatic TNFα 

and CD11b expression, and CD44-expressing neutrophils were enriched in alcohol-associated 

hepatitis. Conclusions: Human and experimental evidence supports CD44 as a marker of hepatic 

inflammation in ALD. In addition, CD44 modulates neutrophil mobilization and functions and its 

targeting partially prevents liver inflammation and injury in the context of acute-on-chronic alcohol 

drinking. 
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Impact and implications: 

Hepatic inflammation is a key pathogenic factor to the progression of alcohol-related liver diseases, 

yet the molecular mechanisms on inflammation onset are not fully understood. Herein, we 

identified CD44, a cellular protein mainly expressed in immune cells, as a marker (mouse and 

human) and a key player in liver inflammation and injury in ALD by regulating neutrophil 

mobilization and functions. Its global targeting (deficiency or neutralization) and specific deficiency 

on myeloid cells improve liver inflammation and injury. Our findings not only provide mechanistic 

insights into ALD but also provide potential therapeutic targets. 

 

Highlights 

 CD44, a cellular protein mainly expressed in immune cells, is upregulated in human and 

mouse livers with ALD. 

 Hepatic myeloid cells are the main contributors of CD44 expression in ALD liver. 

 CD44 contributes to liver injury and inflammation associated with ASH by regulating 

neutrophil activity. 

 Targeting of CD44 in myeloid cells prevents liver steatosis, inflammation and injury in 

preclinical models of ALD. 

 Global CD44 neutralization corrects alcohol-related liver inflammation and injury in a 

preclinical study. 

 

 
INTRODUCTION 

Alcohol consumption is prevalent in US, with over 50% of adults over 18 years old being regular 

drinkers1. In Europe, alcohol consumption also remains high, with 10 litres of pure alcohol 

consumed per adult each year2. In addition, drinking habits have changed, particularly in terms of 

binge drinking and heavy drinking. A recent report (2019) by the WHO reveals that 30.4% of 

ACCEPTED

D
ow

nloaded from
 http://journals.lw

w
.com

/hep by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 01/21/2025



people report having consumed more than 60 g of pure alcohol on a single occasion in the last 30 

days3. Among the several complications associated with acute and chronic alcohol consumption, 

alcohol-related liver disease (ALD) is one of the most common chronic liver diseases worldwide 

and the most prevalent cause of advanced liver disease in Europe. ALD also constitutes the leading 

cause of death among adults with excessive alcohol consumption4-5. 

ALD encompasses a broad spectrum of disorders ranging from alcohol-associated fatty liver to 

steatohepatitis (ASH), characterized by steatosis, hepatocellular damage and lobular inflammation. 

ASH represents a progressive disease form that can evolve into fibrosis and cirrhosis. In addition, 

patients with underlying ASH or cirrhosis and recent excessive alcohol consumption can also 

develop a form of acute-on-chronic liver failure called alcohol-associated hepatitis (AH)4-6. Despite 

the constantly increasing burden of ALD, no targeted therapies are yet available (current therapies 

are abstinence, nutritional support, and corticosteroids for severe AH)7. 

ASH development is the consequence of aberrant activation of hepatic immune and parenchymal 

cells in response to inflammatory mediators from the liver, adipose tissue and gut (including 

PAMPs, DAMPs, metabolites). Hepatocytes and Kupffer cells concomitantly contribute to the 

massive recruitment and accumulation of bone marrow-derived monocytes and neutrophils into the 

liver, a hallmark of ASH. The expression of chemokines (CCL2…) and adhesion molecule (E-

selectin…), known to promote monocyte and neutrophil tissue infiltration, is markedly upregulated 

and correlates with disease severity5-6, 8. An imbalance between hepatic anti- and pro-inflammatory 

resident or recruited macrophages is a key characteristic in ALD development9.  Importantly, binge 

alcohol feeding markedly elevates hepatic and circulating neutrophils in chronically ethanol-fed 

mice and in heavy alcohol drinkers and this facilitates hepatic neutrophil infiltration and ALD 

progression5, 10-11. While chronic/excessive alcohol consumption disrupts bone remodeling, injures 

the hematopoietic tissue and increases the susceptibility to infections12-13, ethanol could also modify 

the bone marrow myelopoiesis and subsequently the blood immune cell levels, even at the early 

stages of the disease. 
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While signaling through CD44 impacts inflammation, injury and fibrogenesis, its potential role in 

ALD pathogenesis has not yet been investigated. CD44 is a cell-surface glycoprotein involved in 

cell–cell interactions, cell-adhesion and migration and it is expressed on various cell types (mainly 

leukocytes). Hyaluronan (HA), osteopontin and E-selectin, which can all bind to CD44, are 

involved in ALD progression (inflammation, injury and fibrosis)14-21. In addition, we have 

previously reported that CD44 targeting (genetic and pharmacological) in a mouse model of 

metabolic steatohepatitis, strongly alleviates liver injury, inflammation and fibrosis by 

downregulating the recruitment of macrophages and neutrophils into the liver22. We also 

demonstrated that CD44 regulates proinflammatory macrophage polarization mediated by LPS and 

hepatic DAMPs, pathogenic factors share with ALD22. This led us to speculate that CD44 might 

also play a role in promoting the development of ALD. We report here that CD44 expression is 

upregulated in human and mouse livers during ALD and its systemic or myeloid cell-specific 

deletion prevented inflammation and liver damage in murine model of chronic plus binge ethanol 

feeding. These beneficial effects are associated with regulating the frequency of circulating immune 

cells and neutrophil function. In addition, CD44 blockage with a neutralizing antibody was 

associated with the amelioration of neutrophil mobilization (in blood and liver) and liver 

complications in acute-on-chronic alcohol-related liver injury 

 
METHODS 

Mice and study design. CD44-deficient mice (Cd44-/-)(B6.Cg-Cd44tm1Hbg/J) and LysMCre mice 

were purchased from The Jackson Laboratory (Bar Harbor, ME, USA). Cd44 flox/flox mice were 

kindly provided by Pr. V. Orian-Rousseau (Karlsruhe Institute, Germany)23. C57BL/6J/Rj wild-

type, Cd44-/-, LysMcre/+ Cd44flox/flox and littermate control LysM+/+ Cd44flox/flox mice were acclimated 

to our animal facilities under a 12/12h light/dark cycle at a temperature of 21±2 °C.  After 

acclimation to a liquid diet, mice were subjected to one of two different ethanol feeding protocols 

(chronic and NIAAA models)24. Acclimation protocol: Female mice (24-30 weeks old for Cd44-/-

and Wt mice and 12-17 weeks old for LysMcre/+ Cd44flox/flox and LysM+/+ Cd44flox/flox mice) were 
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initially fed the control Lieber-DeCarli diet (SSNIFF, Soest, Germany) ad libitum for 5 days to 

acclimatize them to a semi-liquid diet. Chronic plus one binge ethanol feeding. Then, mice were 

allowed free access to the ethanol Lieber-DeCarli diet (SSNIFF) containing 5-6% (vol/vol) ethanol 

for 10 days, and control-fed groups were pair-fed with an isocaloric control diet. On day 11, mice 

received a single dose of ethanol by gavage (5 g/kg body weight) or isocaloric dextrin-maltose in 

the early morning and sacrificed 9 hours later. Chronic ethanol feeding. After acclimation to a 

semi-liquid diet, mice were allowed free access to the ethanol Lieber-DeCarli diet (SSNIFF) 

containing 5% (vol/vol) ethanol for 4 weeks, and control-fed groups were pair-fed with an 

isocaloric control diet. Anti-CD44 treatment. After acclimation to a semi-liquid diet, WT 

C57BL/6 female mice (20 weeks of age) were allowed free access to the ethanol Lieber-DeCarli 

diet containing 5% (vol/vol) ethanol for 10 days. In the evening on day 10 and in the early morning 

on day 11 mice received one intra-peritoneal injection of either purified rat anti-mouse CD44 mAb 

(n=7; IM7, BD Pharmingen, catalog #553131; BD Biosciences) or purified rat IgG2b, isotype 

control (n=7; A95-1, BD Pharmingen, catalog #553986; BD Biosciences)(100 µg/mouse). Mice 

were then immediately gavaged with a single dose of ethanol (5 g/kg body weight) and 9 hours later 

the blood was collected and mice were immediately sacrificed, after which the liver was removed. 

One part of the liver was immediately frozen in liquid nitrogen and stored at -80°C until analysis. A 

second part was fixed in buffered formalin, paraffin-embedded, sectioned, and stained with 

hematoxylin-eosin. The remainder liver was used for a flow cytometry analysis. The guidelines of 

laboratory animal care were followed, and the local ethical committee approved the animal 

experiments (APAFIS#5100-2015121110477413v6; APAFIS#8495-2017010514042986v5). 

For further details, please refer to the Supplementary material, Supplemental Digital Content 3, 

http://links.lww.com/HEP/J684 . 

 

RESULTS 
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CD44 deficiency attenuated liver injury and inflammation induced by chronic plus binge 

ethanol feeding. We first evaluated the hepatic expression levels of Cd44 in a dietary mouse model 

of acute-on-chronic liver injury, the NIAAA model24. This chronic plus one binge alcohol feeding 

mouse model specifically triggers high levels of alcohol in blood, liver injury, fatty liver and 

inflammation, which mimics acute-on-chronic alcoholic liver injury in patients. Upon chronic plus 

binge ethanol feeding, the mice displayed elevated hepatic Cd44 expression (Fig1A) associated 

with liver injury (as evaluated by ALT activity)(Fig1B), liver steatosis (Figs1C-D), elevated hepatic 

triglyceride content (Fig1E) and inflammation (as evaluated by inflammatory marker 

expression)(Fig1F). The role of CD44 in liver complications induced by the NIAAA model was 

then investigated using mice deficient for Cd44. The Cd44-/- mice displayed less liver damage 

(Fig1B) and hepatic inflammation (Fig1F) with a similar grade of hepatic steatosis (Figs1C-D) and 

hepatic triglyceride content (Fig1E) when compared with the livers of chronic plus acute ethanol-

consuming Wt mice (Figs1C-F). To gain insight into the impact of CD44 deficiency on liver 

complications, 3 livers of EtOH Wt and EtOH Cd44-/- mice were randomly selected for RNA 

sequencing. Following dimension reduction, the samples clustered according to mouse genotype 

(FigS1, Supplemental Digital Content 1 http://links.lww.com/HEP/J682 ). From gene 

expression analysis, the Cd44 deficiency had a strong influence on the expression of 244 transcripts 

with 80 up-regulated and 164 down-regulated compared to Wt liver (Fig1G). Focusing on down 

regulated genes, the gene ontology analysis highlighted that the absence of CD44 mainly regulated 

responses related to neutrophil and innate immune cell functions including cytokine production and 

phagocytosis (Fig1H-S1, Supplemental Digital Content 1 http://links.lww.com/HEP/J682 ). 

 

Myeloid cell specific CD44 deficiency strongly attenuated liver injury and steatosis induced by 

ethanol feeding. Since CD44 deficiency preferentially impacted innate immune and neutrophil 

responses, we then focused on the role of CD44 in myeloid cells. The Cd44myel-KO mice 

(Cd44flox/floxLysMcre/+ mice) displayed decreased CD44 expression in hepatic inflammatory 
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monocytes (Ly6G-Ly6Chigh cells), macrophages (F4/80+CD11b+ cells and Ly6C-

F4/80+CD64+Clec2+CD11b+Clec4F+TIM4+ cells corresponding to Kupffer cells) and neutrophils 

(Ly6G+Ly6Cint cells) without disruption of CD44 expression in T cells (CD3+NK1.1- cells) as 

evaluated by flow cytometry analysis (FigS2, Supplemental Digital Content 1 

http://links.lww.com/HEP/J682 ). In addition, the CD44 deficiency in myeloid cells strongly 

decreases the total CD44 hepatic expression in the steady state and in response to EtOH (Figs2A-

B), suggesting that myeloid cells are the main hepatic populations expressing CD44. This marked 

reduction in liver CD44 expression was associated with the prevention of hepatic steatosis (Figs2C-

D), hepatic triglyceride content (Fig2E) and liver injury (Fig2F). 

This protective effect of CD44 deficiency in myeloid cells on liver steatosis was also associated 

with the prevention of increased p53/miR34a pathway that negatively regulated hepatic beta-

oxidation via the SIRT1/AMPK-dependent regulation of PPAR-alpha and CPT1 (Fig2G)25-30. With 

the development of hepatic steatosis, the expression of p53 (assessed by p21 expression) and miR-

34a increased (Figs2H-I), while miR-34a-dependent repression of the expression of Naprt, Nampt 

and Sirt1 (Fig2J), as well as the master regulators of beta-oxidation Ppar-alpha and Cpt1 (Fig2K), 

decreased. CD44 myeloid cell deficiency prevented this upregulation of the p53/miR-34a pathway 

(Figs2H-I), resulting in a partial recovery of Naprt, Nampt, Sirt1 (Fig2J), as well as Ppar-alpha 

and Cpt1 (Fig2K) expression. 

To mimic the chronic drinking patterns in humans, Cd44myel-KO and Cd44F/F mice were also 

challenged with semi-liquid diet supplemented with ethanol for 4 weeks. CD44 deletion in myeloid 

cells mediated the same protective effects on liver steatosis, hepatic triglyceride content and injury 

and expression of Sirt1 and beta-oxidation regulators Ppar-alpha and Cpt1 (FigS3, Supplemental 

Digital Content 1, http://links.lww.com/HEP/J682 ). 

 

Myeloid cell specific CD44 deficiency strongly prevented liver inflammation induced by 

chronic plus binge ethanol feeding. The Gao-binge model also produces hepatic inflammation, 
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which is characterized by a higher frequency of inflammatory monocytes and neutrophils and 

elevated expression of inflammatory markers. We here reported that this challenge was also 

associated with increased CD44 expression in liver macrophages (F4/80+CD11b+) and neutrophils 

(Ly6G+Ly6Cint)(Fig3B). Whereas these responses are clearly marked in Cd44F/F mice upon chronic 

plus binge EtOH feeding, the Cd44myel-KO mice displayed a substantially lower hepatic frequency of 

inflammatory monocytes (Ly6ChighLy6G-), activated neutrophils (Ly6G+Ly6CintCD62Llow)(Fig3A), 

and CD44+ and MPO+ cells (Fig3C), as well as  lower hepatic expression of tumor necrosis factor 

(Tnf), C-X-C motif chemokine ligand 2 (Cxcl2) and E-selectin (Sele)(Fig3D) and lower hepatic and 

blood level of chemokine ligand 2 (Ccl2)(Figs3D-E). In addition to these markers, bulk RNA-seq 

analysis from 3 livers of EtOH Cd44myel-KO mice versus 3 livers of EtOH Cd44F/F mice, randomly 

selected and well clustered according to mouse genotype (Fig3F), revealed that Cd44 deficiency in 

myeloid cells positively regulated the expression of 645 genes and down-regulated 800 genes 

compared to EtOH Cd44F/F liver (Fig3G). Focusing on the preventive effect, the pathway analysis 

revealed that the absence of CD44 in myeloid cells mainly decreased EtOH stimulated 

inflammatory pathways such as those related to TNF, inflammatory responses and interleukin 

(Fig3H). 

 

Myeloid cell specific CD44 deficiency strongly prevented the elevated neutrophil/lymphocyte 

ratio in blood induced by the chronic plus binge ethanol feeding. Since increased neutrophil 

levels in peripheral blood and liver tissue is consistently reported in ALD patients10, we then 

investigated the impact of acute-on-chronic EtOH feeding and myeloid cell CD44 deficiency on 

blood immune cell levels in mice. In response to chronic plus binge EtOH feeding, the number of 

white blood cells (WBC) decreased in both genotypes (Fig4A). Neutrophil counts were increased in 

control EtOH mice and this augmentation was only partial in Cd44myel-KO mice (Figs4B-C). WBC 

decreases likely resulted from lower blood monocyte and lymphocyte numbers (Figs4B-C). The 

CD44 deficiency in myeloid cells partially prevented these changes in blood immune cell frequency 
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without altering the WBC number (Figs4A-C). In line with this, the blood neutrophil-lymphocyte 

ratio (NLR) elevation in response to EtOH feeding is reduced in Cd44myel-KO mice (Fig4D). It is 

also of interest to highlight that CD44 expression in blood neutrophils is not increased in response 

to ethanol (Fig4E), unlike in liver neutrophils (Fig3B). 

 

CD44 deficiency in neutrophils reduced their capacity to produce inflammatory mediators, 

while enhancing their phagocytosis potential. It has been clearly established that the infiltrating 

neutrophils are the main contributor to alcohol-induced liver damage. In ALD, neutrophils are 

strongly activated and are important sources of reactive oxygen species (ROS) and cytokines. 

Although ROS production is a powerful bactericidal process, excessive ROS formation causes 

adverse tissue damage. We then investigated the potential role of CD44 in the neutrophil production 

of ROS and inflammatory factors upon phorbol 12-myristate 13-acetate (PMA) activation. While 

CD44 deficiency in bone-marrow neutrophils did not alter the frequency of ROS+ neutrophils 

(FigS4A)(FigsS5A-C, Supplemental Digital Content 1, http://links.lww.com/HEP/J682 ) or 

ROS production per cell (FigS5D, Supplemental Digital Content 1, 

http://links.lww.com/HEP/J682 ), it strongly decreased the PMA-mediated Tnf and Cxcl1 

expression (Figs5A-B). The activation of neutrophils by PMA was also associated with the up-

regulation of CD44 (Fig5B). The antimicrobial activities of neutrophils also depend on their ability 

to phagocytose cellular debris and/or bacteria. Incubation of BM neutrophils with labelled live E-

coli bacteria was associated with an increased frequency of CD11bhighLy6Ghigh neutrophils and 

bacteria-loaded neutrophils after 1h at 37°C (Figs5C-F)(FigS4B, Supplemental Digital Content 1, 

http://links.lww.com/HEP/J682 ). The CD44 silencing amplified these responses with a higher 

frequency of CD11bhighLy6Ghigh neutrophils, bacteria-containing neutrophils and phagocytosis 

intensity (Figs5C-G). These results indicate that CD44 deficiency modified the properties of 

neutrophils with higher susceptibility to remove bacteria and lower pro-inflammatory phenotypes 

upon activation. 
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CD44 neutralization corrected liver inflammation and injury induced by the chronic plus 

binge EtOH feeding.  Our data revealed that CD44 is a central player in liver EtOH-driven injury 

and inflammation. To explore this novel therapeutic avenue, we then investigated if CD44 

neutralization by a specific antibody could correct the liver complications induced by chronic plus 

binge ethanol feeding. After 10 days of chronic EtOH feeding, mice received two intraperitoneal 

injections (one the evening on day 10 and one early the next morning prior to gavage) of either 

purified rat anti-CD44 mAb or isotype control before gavage with a single dose of EtOH. The 

treatment with anti-mouse CD44 mAb strongly decreased WBC (Fig6A), normalized blood NLR 

(Fig6B) and strongly reduced liver injury as evaluated by the ALT activity (Fig6C). No 

improvement in hepatic steatosis (Fig6D), liver triglyceride levels (Fig6E) and hepatic expression 

of p21, Naprt, Nampt, Sirt1, Pparα and Cpt1 (FigS7, Supplemental Digital Content 1, 

http://links.lww.com/HEP/J682 ) was observed, likely due to our experimental protocol (mAb 

injections just before ethanol gavage). Anti-CD44 mAb treatment was also associated with a 

marked reduction in liver inflammation with less hepatic enrichment in neutrophils (Ly6G+Ly6Cint) 

and a marked reduction in hepatic levels of inflammatory markers (Tnf, Ccl2 and Cxcl2)(Figs6F-

G). Therefore, anti-CD44 mAb treatment efficiently lower EtOH induced liver injury and 

inflammation. 

 

Liver CD44 expression increased with local inflammation and injury in heavy alcohol 

drinkers. We then examined the relationship between hepatic CD44 expression and human ALD 

progression. In 19 consecutive heavy alcohol drinkers (16 men, 3 women, mean age: 44±7 years) 

admitted to our Liver unit, patients were classified into 2 groups: with mild ALD and with moderate 

ALD on the basis of the severity of hepatic steatosis and injury as assessed by histological analysis 

and serum ALT activity, respectively (Figs7A-C, FigS8, Supplemental Digital Content 1, 

http://links.lww.com/HEP/J682 , TableS1, Supplemental Digital Content 2. 
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http://links.lww.com/HEP/J683 ). Liver mRNA levels of CD44 increased with ALD severity 

(Fig7D) and correlated with liver injury (Fig7E). We also found that CD44 expression strongly 

correlated with liver mRNA levels of TNF and myeloid cell maker ITGAM (CD11b), markers of 

hepatic inflammation (Fig7E). The CD44 expression at the protein level mainly occurred in 

inflammatory foci and neutrophils (Fig7A). With the aggravation of ALD, WBC counts decreased 

(Fig7F) and negatively correlated with liver expression of CD44 (Fig7G). Consistent with our 

animal studies, the liver expression of CD44 could be a local marker of hepatic inflammation in 

ALD patients. 

 

Alcohol-associated hepatitis has been associated with CD44 upregulation in liver neutrophils. 

Finally, we examined the relationship between hepatic CD44 expression and human AH. CD44 

mRNA levels were first evaluated in the dataset of patients with AH (n=15) versus subjects without 

liver complications (n=5)(GEO database GSE28619). A shown in Fig8A, the hepatic expression of 

CD44 was increased with AH. To then explore CD44 expression in immune cells in AH, we re-

analyzed single cell RNA-Sequencing (scRNA-Seq) data of livers from 5 healthy donors, 5 alcohol-

associated cirrhosis (AC) and 6 severe AH (GEO database GSE136103 and GSE255772). As 

previously reported31, the main difference between AH and AC was that AH livers had significantly 

higher numbers of neutrophils (Cluster 6) than AC livers, while differences in other myeloid cells 

between AC and AH were less obvious (Figs8B-C). While myeloid cells (DCs, monocytes, 

macrophages and neutrophils) express CD44, AH is associated with a marked increase in liver 

neutrophils with increased CD44 expression (Figs8D-E). These neutrophils, including those with 

high CD44 expression, also showed high expression of IL8 (CXCL8) and CXCR2 (Fig8E), as 

recently described31. In addition, although there was no obvious difference in the number of blood 

neutrophils between AH and AC patients, the number of blood neutrophils expressing CD44 was 

higher in AH patients than blood neutrophils in AC patients (FigS9, Supplemental Digital 

ACCEPTED

D
ow

nloaded from
 http://journals.lw

w
.com

/hep by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 01/21/2025



Content, http://links.lww.com/HEP/J682 ). CD44 upregulation in liver neutrophils is associated 

with severe AH. 

 

DISCUSSION 

The elevated expression of CD44 in liver upon chronic plus binge ethanol feeding is closely 

related to the frequency and activation level of the myeloid cells in the liver. Liver infiltration of 

inflammatory monocytes and activation of liver neutrophils are reduced in mice with CD44 

deficiency in myeloid cells. In addition, CD44 expression is augmented in liver macrophages and 

neutrophils. Deletion of CD44 in these cells greatly reduced its hepatic expression level in baseline 

conditions and blunted its upregulation following chronic plus binge EtOH consumption. 

We then assessed the consequences of this poor hepatic expression of CD44 on the 

development of hepatic steatosis, which is almost universal at early stages of ALD32. We report 

here that the CD44 deficiency in myeloid cells reduces liver steatosis upon chronic alcohol drinking 

(FigS3, Supplemental Digital Content 1, http://links.lww.com/HEP/J682 ) and chronic plus 

binge EtOH feeding. This preventive response has been associated with the decreased expression of 

inflammatory mediators known to modify lipid metabolism in hepatocytes, such as TNF and CCL26 

and decreased p53/miR34a pathway with the recovery of SIRT1 regulator, SIRT1, PPARα and 

CPT1 expression, the key regulators of hepatocyte metabolism including fatty acid uptake, beta-

oxidation, and triglyceride turnover33. The pivotal role of p53 in ALD pathogenesis has been well 

established 34 as well as its ability to regulate miR34a transcription28-29. Inhibition of miR-34a also 

suppressed liver lipid accumulation and ameliorated hepatic steatosis in preclinical models through 

restoration of SIRT1 and PPAR-α expression, resulting in increased AMPK activation and PPAR-α 

target gene expression, respectively25-27.  p53 inhibition also attenuates steatosis and liver injury in a 

mouse model of MASLD which were dependent on regulation of p53/miR34a/SIRT1/AMPK 

pathway30. Unexpectedly, systemic CD44 deficiency did not prevent hepatic steatosis or the 

regulation of p21, naprt, nampt, sirt1, pparα and cpt1 (FigS7, Supplemental Digital Content 1, 
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http://links.lww.com/HEP/J682 ). This may be due to the regulation of additional liver cells by 

systemic CD44 deficiency counteracting this partial prevention of hepatic steatosis observed after 

myeloid cell specific CD44 deficiency. Although hypothetical, and as NK cells show a high level of 

CD44 expression (personal data), targeting CD44 in these cells could impair the protective role 

against alcohol-associated liver steatosis by hepatic NK cells35. 

In addition to regulating liver monocyte infiltration, we also report that CD44 deficiency alters 

the frequency of liver-activated neutrophils. Key neutrophil properties were altered as we observed 

reduced susceptibility to produce inflammatory mediators and higher anti-inflammatory phenotypes 

by phagocytosis of bacteria. We note that these responses in CD44-deficient neutrophils are 

strongly similar to the effects mediated by neutrophils during the resolution phase of liver disease. 

Emerging evidence shows the importance of neutrophils in the resolution of inflammation and 

injury. For example, neutrophils may phagocytose pathogens and cellular debris that would 

otherwise prolong inflammation, drive the conversion of pro-inflammatory macrophages to 

reparative macrophages in acute liver injury10, 36 and provide matrix metalloproteinases to the liver 

which suppress fibrosis progression in a carbon tetrachloride–induced fibrosis mouse model10, 37. In 

addition, specialized pro-resolving lipid mediators, such as lipoxins, protectins, resolvins, and 

maresins, promote tissue repair by inhibiting neutrophil chemotaxis, suppressing cytokine 

production, and enhancing phagocytosis10, 38. Although it is difficult to assess the relative 

contribution of CD44-deficent neutrophils in preventing pro-inflammatory pathways or increasing 

those that resolve inflammation, we report here that CD44 is a novel regulator of neutrophil 

function and its deficiency dampens liver inflammation and injury. 

CD44 regulation of resident and monocyte-derived macrophages may also contribute to ASH 

development. We here reported that chronic plus binge ethanol feeding was associated with 

increased CD44 expression in liver macrophages (F4/80+CD11b+), CD44 deficiency in myeloid 

cells decreased its expression in Kupffer cells (FigS2, Supplemental Digital Content 1, 

http://links.lww.com/HEP/J682 ) and reduced hepatic inflammatory monocyte frequency, liver 
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inflammation and injury in response to chronic plus binge ethanol feeding. The role of CD44 in 

liver recruitment of macrophages/monocytes has previously been reported in the context of 

MASH22, sterile liver injury (mature F4/80hi GATA6+ macrophages from the peritoneal cavity)39 

and hepatic fibrosis (recruited monocytes adhere to large intrahepatic vessels via CD44 and then 

form superclusters (KC-type syncytia) to eliminate blood-borne pathogens)40. Furthermore, we have 

previously reported that CD44 also regulates TLR4 ligand-mediated macrophage activation, 

including hepatic DAMPs, LPS and saturated fatty acids22. 

The chronic plus binge EtOH feeding is also associated with leukopenia resulting from 

decreased levels of lymphocytes and monocytes concomitant with the elevation of neutrophils. 

Leukopenia is common in heavy alcohol drinkers. In addition, chronic drinkers with recent 

excessive drinking could have higher levels of circulating neutrophils compared to healthy controls 

or chronic drinkers without recent excessive drinking41. Although the deficiency of CD44 in 

myeloid cells did not completely prevent the WBC number reduction, a partial correction in the 

frequency of these immune cells was observed. Similarly, the neutrophil-lymphocyte ratio (NLR) 

was lower in mice deficient for CD44 in the myeloid cells when they were exposed to EtOH. This 

may relevant because elevated NLR has been associated with higher susceptibility to infection and 

poor clinical outcome after steroid treatment in patients with alcohol-associated hepatitis42. The 

same partial correction of the NLR in CD44myel-KO mice is also achieved by the preventive injection 

of anti-CD44 antibodies prior to binge ethanol exposure. The molecular mechanisms explaining 

these changes in blood immune cell frequency require future study, but this beneficial effect on the 

NLR in the absence of CD44 is not the result of a different mobilization of neutrophils from the 

bone marrow into the bloodstream (data not shown). However, we note that maturation of bone 

marrow CD44-deficient neutrophils was already modified in the steady state, as assessed by Ly6G 

and CXCR2 expression levels (FigS6, Supplemental Digital Content 1, 

http://links.lww.com/HEP/J682 )43-44. 
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Consistent with our animal studies, the hepatic expression of CD44 was upregulated with AH 

and ALD in humans. In ALD, liver CD44 (mainly expressed in immune cells and neutrophils) also 

correlated with liver injury and hepatic expression of inflammatory markers. Interestingly, it has 

been reported that the CD44 elevation in ALD patients decreased after abstinence45. Among 

myeloid cells, AH is mainly associated with a significant enrichment of hepatic neutrophils and 

more particularly IL-8+ neutrophils as recently reported31. We here reported that AH-associated 

liver neutrophils also showed increased CD44 expression. While CD44 deficiency in myeloid cells 

decreased IL8-related markers in mice in response to chronic plus binge EtOH feeding (FigS10, 

Supplemental Digital Content 1, http://links.lww.com/HEP/J682 ), the frequency of CD44+ 

neutrophils was about three times lower than those expressing IL-8 in human AH livers. Further 

studies are thus required to establish a direct link between CD44 and IL-8 in neutrophils in the 

context of liver pathologies. 

Inflammation thus seems to be an important regulator of liver CD44 expression. Among CD44 

ligands, HA is highly expressed in the liver sinusoids and binds CD44 on neutrophils, providing a 

potential mechanism of neutrophil recruitment. McDonald et al. demonstrated that the blocking of 

the HA-CD44 interaction by anti-CD44 antibodies ameliorated liver injury and neutrophil 

infiltration in a mouse model of LPS-induced liver injury46. While circulating levels of HA 

correlated with the severity of hepatic fibrosis in heavy alcohol drinkers20 and its elevated 

expression in AH was rapidly reduced after cessation of alcohol consumption47, the contribution of 

CD44-HA complex to the liver infiltration of neutrophils remains elusive in the context of ALD. 

The hepatic inflammation development associated with alcohol consumption shares 

pathophysiological features with MASH. We here highlighted that CD44 is a key driver of liver 

inflammation and injury in an acute-on-chronic drinking pattern by regulating myeloid cell 

mobilization and/or function (monocytes and neutrophils). We have also previously reported that 

CD44 regulates the recruitment of monocytes and neutrophils into the liver in a context of MASH. 

In addition, CD44 regulates the macrophage activation mediated by TLR4 ligands including 
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DAMPs, LPS and saturated fatty acids 22. However, in the context of binge drinking, CD44-

dependent neutrophil responses appear to be particularly crucial in liver injury. The beneficial 

effects on liver complications obtained by neutralizing CD44 using a specific antibody prevented 

liver inflammation and injury associated with decreased neutrophil recruitment into the liver 

without affecting the liver monocyte/macrophage enrichment. In a similar vein, neutrophil depletion 

by injection of anti-Ly6G antibody reduced liver injury in response to chronic-plus binge ethanol 

feeding8. In line with common pathogenic factors, the hepatic expression levels of E-selectin, which 

is expressed by activated endothelial cells and interacts with CD44, were upregulated in human and 

mouse livers with MASH and mouse livers upon chronic plus binge ethanol feeding8, 48-49. The E-

selectin deletion in mice reduced liver complications in both aetiologies by regulating neutrophil 

recruitments (preferentially into the liver in response to alcohol and more into adipose tissue with 

obesity)8, 49. Expression of E-selectin and inflammatory markers is reduced in ALD livers when 

CD44 is manipulated (systemic deletion or deletion in myeloid cells). Since obesity is an emerging 

factor that accelerates ALD progression2, pathogenic factors associated with both aetiologies, such 

as CD44, could be very promising therapeutic targets. 

Some limitations in our study should be noted. While the in vitro studies have enhanced our 

understanding of the role of CD44 in neutrophils, the neutrophil functions regulated by CD44 could 

mediate additional responses in the liver by directly acting with the other liver cells (endothelial 

cells, hepatocytes, NK cells and T cells for example). In addition, it remains difficult to investigate 

liver fibrosis associated with alcohol drinking in such preclinical models. 

In summary, the harmful functions of CD44 in ALD occur at different stages of the disease 

(from steatosis to inflammation and liver injury) and in different liver cells (neutrophils and 

macrophages). With regard to the development of hepatic steatosis, CD44 in myeloid cells could 

reinforce the low-grade inflammation that impairs the beta-oxidation of fatty acids. Regarding liver 

inflammation associated with an acute-on-chronic drinking pattern, CD44 enhances the neutrophil 

mobilization in blood, liver monocyte recruitment and the pro-inflammatory responses of both 
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neutrophils and macrophages. This elevated local inflammation subsequently contributes to liver 

injury. The targeting of CD44 specifically in myeloid cells could represent a new therapeutic 

strategy to dampen liver inflammation and injury in chronic liver diseases (ALD and MASLD). 
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Figure 1: CD44 deficiency strongly prevented liver injury and inflammation induced by 

chronic plus binge ethanol feeding. After acclimation to a semi-liquid diet, Wild-type (Wt) and 

Cd44-/- mice were allowed free access to the ethanol Lieber-DeCarli diet containing 5% (vol/vol) 

ethanol or were pair-fed with an isocaloric control diet for 10 days. On day 11, mice received a 

single dose of ethanol (5 g/kg body weight [b.w.])(EtOH) or isocaloric dextrin-maltose (Malto) by 

gavage and sacrificed 9 hours later (5-17 mice/group). (A) Hepatic Cd44 expression was evaluated 

at the mRNA level. (B) The serum levels of ALT were evaluated. (C-D) H&E staining of liver 

tissue section samples from Wt and Cd44-/- after chronic plus binge (CPB) EtOH feeding as 

indicated. Representative images (C) and quantification of hepatic steatosis (D) are shown. (E) 

Liver triglyceride content. (A, B, D, E) Results are expressed as means ± SEM and statistically 

analyzed using a two-way ANOVA test. (F) Hepatic mRNA expression levels of Cd44 and markers 

of inflammation were analyzed by real-time quantitative PCR (4-17 mice/group). Data are 

presented as relative mRNA levels normalized to Rplp0 mRNA levels. Data are expressed as means 

in Heat Map and statistically analyzed by a two-way ANOVA test. *P<0.05, compared with Wt 

Malto mice, §P <0.05, compared with Wt EtOH mice. (G-H) 3 livers of EtOH Wt and EtOH Cd44-/- 

mice were randomly selected for RNA sequencing. (G) Gene expression analysis. (H) Gene 

ontology analysis on down regulated genes. 
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Figure 2: The CD44 deficiency in myeloid cells prevented hepatic expression of CD44, liver 

injury and hepatic steatosis induced by chronic plus binge ethanol feeding. (A-K) After 

acclimation to a semi-liquid diet, Cd44myel-KO and littermate control Cd44F/F mice were allowed free 

access to the ethanol Lieber-DeCarli diet containing 6% (vol/vol) ethanol or were pair-fed with an 

isocaloric control diet (Malto) for 10 days. On day 11, mice received a single dose of ethanol (5 

g/kg body weight [b.w.])(EtOH) or isocaloric dextrin-maltose (Malto) by gavage and sacrificed 9 

hours later (4-16 mice/group). (A-B) Hepatic Cd44 expression was evaluated at the mRNA (9-16 

mice/group)(A) and protein level (3-4 mice/group)(B). (C-D) H&E staining of liver tissue section 

samples from Cd44myel-KO and Cd44F/F mice after CPB. Representative images (C) and 

quantification of hepatic steatosis (D) are shown. Liver triglyceride content (6-9 mice/group)(E) 

and serum levels of ALT (F) were evaluated. (G) Schematic diagram of the miR34a-SIRT1-AMPK 

pathway. (H, J-K) Hepatic mRNA expression levels of p21, miR-34a-dependent targets (Naprt, 

Nampt and Sirt1), Ppara and Cpt1 were analyzed by real-time quantitative PCR. Data are presented 

as relative mRNA levels normalized to Rplp0 mRNA levels (4-7 mice/group). (I) Hepatic 

expression levels of miR-34a-5p were analyzed by real-time quantitative PCR. Data are presented 

as relative levels normalized to miR-30E-5p expression levels (4-7 mice/group). (A, D-F, H-K) 

Results are expressed as means ± SEM and statistically analyzed using a two-way ANOVA test. 
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Figure 3: The CD44 deficiency in myeloid cells strongly decreased hepatic frequency of 

inflammatory monocytes and activated neutrophils as well as liver inflammation induced by 

chronic plus binge ethanol feeding. After acclimation to a semi-liquid diet, Cd44myel-KO and 

littermate control Cd44F/F mice were subjected to CPB EtOH or Malto feeding (11-18 mice/group). 

(A-B) Hepatic non parenchymal cells were stained for CD45, Ly6G, Ly6C, CD62L and CD44 and 

analyzed by flow cytometry (5-6 mice/group). (A) Frequency of inflammatory monocytes (Ly6Chigh 

Ly6G- cells), neutrophils (Ly6G+ Ly6Cint cells) and neutrophil activation levels (Ly6G+ Ly6Cint 

CD62LLow cells) and (B) MFI CD44 levels in macrophages (F4/80+ CD11b+) and neutrophils 

(Ly6G+ Ly6Cint cells) were assessed by flow cytometric analysis. Results are expressed as means ± 

SEM and statistically analyzed using a two-way ANOVA test. (C) αCD44 and αMPO staining of 

liver samples from Cd44F/F and Cd44myel-KO mice subjected to CPB EtOH. Representative 

fluorescent images were acquired using Nikon Confocal A1R at 40X magnification. Quantification 

of CD44/MPO fluorescence area (two fields per mouse and three different mice per condition) are 

expressed as mean ± SEM and statistically analyzed using Mann-Whitney U test. (D) Hepatic 

mRNA expression levels of Cd44 and markers of inflammation were analyzed by real-time 

quantitative PCR (4-15 mice/group). Data are presented as relative mRNA levels normalized to 

Rplp0 mRNA levels. Data in Heat Map are expressed as means and statistically analyzed by a two-

way ANOVA test. *P<0.05, compared with Cd44F/F Malto mice, §P <0.05, compared with Cd44F/F 

EtOH mice. (E) The serum levels of CCL2 were evaluated (7-14 mice/group). Results are expressed 

as means ± SEM and statistically analyzed using a two-way ANOVA test. (F-H) 3 livers of EtOH 

Cd44myel-KO and EtOH Cd44F/F mice were randomly selected for RNA sequencing. (F) Dimension 

reduction method (principal component analysis). (G) Gene expression analysis. (H) Pathway 

analysis on down regulated genes. 
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Figure 4: CD44 deficiency in myeloid cells altered the proportions of circulating immune cells 

and partially corrected the elevation of the neutrophil/lymphocyte ratio induced by chronic 

plus binge ethanol feeding.  After acclimation to a semi-liquid diet, Cd44myel-KO and littermate 

control Cd44F/F mice were subjected to CPB EtOH or Malto feeding (9-15 mice/group). The 

number of white blood cells (WBC)(A), neutrophils, monocytes and lymphocytes (B) were 

evaluated by blood haematology analyzer. The results were also expressed as % of blood cells (C) 

and neutrophil to lymphocyte ratio (NLR)(D). (E) Blood cells were stained for CD45, Ly6G, Ly6C, 

and CD44 and analyzed by flow cytometry (9-15 mice/group). MFI CD44 levels in neutrophils 

(Ly6G+ Ly6Cint cells) were evaluated. (A-E) Results are expressed as means ± SEM and 

statistically analyzed using a two-way ANOVA test. 
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Figure 5: CD44 deficiency in neutrophils reduced their capacity to produce inflammatory 

mediators, while enhancing their phagocytosis potential. (A-B) Purified bone marrow 

neutrophils from Wt and Cd44KO mice were stimulated with PMA (10nM) for 4h at 37°C before 

analyzing Cd44 and inflammatory mediators by RT-qPCR. (B) Data are presented as relative 

mRNA levels normalized to Rplp0 mRNA levels. Data from three independent experiments are 

expressed as means ± SEM and statistically analyzed using a Student’s t-test. (C-G) Bone marrow 

purified neutrophils (500,000 cells/ml) were incubated or not with 100µg/ml of inactivated 

fluorescent E. coli bacteria for 1 hour either at 4°C or 37°C. After the quenching of the fluorescence 

of the bacteria on the cell surface and blocking FcgRII/III, cells were stained for Ly6G and CD11b 

and analyzed by flow cytometry upon excitation at 488nm (three independent experiments). (D-E) 

Frequency of CD11bhigh Ly6Ghigh and CD11bmeduim Ly6Gmeduim cells: (D) one out of three 

independent experiments is shown, (E) % of three independent experiments. (F) Frequency of 

neutrophils with bacteria (% versus Wt neutrophils at 37°C). (G) Phagocytosis intensity per cell (% 

Wt neutrophils at 37°C). (E-G) Results are expressed as means ± SEM and statistically analyzed 

using a Student’s t-test. 
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Figure 6: Neutralization of CD44 corrected the liver inflammation and injury induced by the 

chronic plus binge EtOH feeding. After acclimation to a semi-liquid diet, WT C57BL/6 female 

mice (20 weeks of age) were allowed free access to the ethanol Lieber-DeCarli diet containing 5% 

(vol/vol) ethanol for 10 days. In the evening on day 10 and in the early morning on day 11 mice 

received one intra-peritoneal injection of either purified rat anti-mouse CD44 mAb (n = 7; IM7) or 

purified rat IgG2b, isotype control (n = 7; A95-1)(100 µg/mouse). Mice were then immediately 

gavage-fed with a single dose of ethanol (5 g/kg body weight [b.w.]) and 9 hours later the blood 

was collected and mice were sacrificed. In blood, white blood cell (WBC) number (A), neutrophil 

to lymphocyte ratio (NLR)(B) and serum ALT activity (C) were evaluated.  In liver, H&E staining 

of sections samples, quantification of hepatic steatosis (D) and triglyceride levels (E), number of 

liver neutrophils (Ly6G+ Ly6Cint), inflammatory monocytes (Ly6Chigh Ly6G-) and T cells (CD3+ 

NK1.1-)(F) and liver expression of CD44 and inflammatory markers at the mRNA level (G) were 

assessed. (A-G) Results are expressed as means ± SEM and statistically analyzed using a Mann 

Whitney test. 

 

  

ACCEPTED

D
ow

nloaded from
 http://journals.lw

w
.com

/hep by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 01/21/2025



 

Figure 7: Liver CD44 expression increased with liver inflammation in heavy alcohol drinkers. 

In 19 consecutive heavy alcohol drinkers, patients were classified into 2 groups: with mild or 

moderate ALD on the basis of severity of liver steatosis and injury as assessed by histological 

analysis (A, B), and by serum ALT activity (C), respectively. (A, B) Representative images of H&E 

staining, αCD44 (DAB)/αCD15 (magenta) co-staining of liver tissue section samples (A) and 

quantification of hepatic steatosis (B) are shown. (D) Hepatic CD44 mRNA expression levels were 

analyzed by real-time quantitative PCR. Gene expression was normalized to the mRNA levels of 

RPLP0 and expressed relative to the mild ALD group. Results are expressed as means ± SEM (B, 

D) or medians with 25-95 percentiles (C) and statistically analyzed using a Mann Whitney test. (E, 

G) Correlations between liver CD44 expression (fold change) and ALT level, WBC number and 

liver expression of TNF and ITGAM (CD11b) were analyzed using the Spearman correlation test. 

(F) In blood, white blood cell (WBC) number were evaluated, expressed as means ± SEM and 

statistically analyzed using the Mann Whitney test. 
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Figure 8: CD44 expression strongly increased in liver neutrophils in patients with severe 

alcohol associated hepatitis. (A) CD44 mRNA levels was first evaluated in the dataset of patients 

with AH (n=15) versus subject without liver complications (n=5)(GSE28619). (B-E) scRNA-seq 

data deposited into GEO database GSE136103 and GSE255772 have been re-evaluated. (B) UMAP 

projection of 71382 cells, consisting of samples from 5 healthy donors, 5 alcohol-associated 

cirrhosis (AC) and 6 severe alcohol-associated hepatitis (AH). (C) Bar plot showing the 

composition of conditions for each group. (D) Histogram showing quantification of CD44-

expressing myeloid cells whose CD44 expression is either above average (0.89)(red “TRUE”) or 

below (blue “FALSE”). (E) Violin plot showing CD44, CXCL8, and CXCR2 expression in 

neutrophils from AH or healthy condition. 
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