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Targetable Brgl-CXCL14 axis contributes
to alcoholic liver injury by driving

neutrophil trafficking
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Abstract

Alcoholic liver disease (ALD) accounts for a large fraction of patients
with cirrhosis and hepatocellular carcinoma. In the present study
we investigated the involvement of Brahma-related gene 1 (Brgl)
in ALD pathogenesis and implication in ALD intervention. We report
that Brgl expression was elevated in mouse models of ALD, in
hepatocyte exposed to alcohol, and in human ALD specimens.
Manipulation of Brgl expression in hepatocytes influenced the
development of ALD in mice. Flow cytometry showed that Brgl
deficiency specifically attenuated hepatic infiltration of Ly6G"
neutrophils in the ALD mice. RNA-seq identified C-X-C motif chemo-
kine ligand 14 (CXCL14) as a potential target for Brgl. CXCL14
knockdown alleviated whereas CXCL14 over-expression enhanced
ALD pathogenesis in mice. Importantly, pharmaceutical inhibition
of Brgl with a small-molecule compound PFI-3 or administration of
an antagonist to the CXCL14 receptor ameliorated ALD pathogene-
sis in mice. Finally, a positive correlation between Brgl expression,
CXCL14 expression, and neutrophil infiltration was detected in ALD
patients. In conclusion, our data provide proof-of-concept for
targeting the Brg1-CXCL14 axis in ALD intervention.
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Introduction

A wide range of sociocultural, neuropsychological, and genetic
factors contribute to excessive alcohol consumption (Poikolainen,

2000). It is estimated, based on survey data published by the World
Health Organization, that approximately 18% of the adult popula-
tion is addicted to heavy alcohol use causing over three million
premature deaths worldwide (Peacock et al, 2018). Alcohol use
disorder (AUD), a.k.a. alcoholism, encompasses a series of severe
pathologies that include alcoholic liver disease (ALD), alcoholic
digestive disease, alcoholic heart disease, alcoholic-related diabetic
complications, alcoholic immune disorders, and alcoholic neurologi-
cal complications (Mason & Heyser, 2021). In the US alone, 14.5
million people aged 12 and above are affected by AUD incurring an
economic burden of 240 billion dollars each year (Friedmann, 2013).
ALD, the most prominent AUD, contributes to more than a quarter
of all deaths caused by chronic liver diseases such as cirrhosis and
hepatocellular carcinoma (Akinyemiju et al, 2017). In addition, ALD
is implicated in more than 30% of all patients with liver failure thus
necessitating liver transplantation (Goldberg et al, 2017). Typical
pathological characteristics of ALD include steatosis (accumulation
of triglycerides and fatty acids in hepatocyte), parenchymal
inflammation, and diffuse fibrosis (Celli & Zhang, 2014). Although
abstinence is considered the best therapeutic strategy for ALD,
the interventional options for those patients with advanced/irre-
versible liver damages have not evolved in the past decades and
therefore are limited (Seitz et al, 2018), suggesting the existence of
major gaps in our understanding of ALD pathogenesis.

Hepatic homeostasis, or the lack thereof, is acutely influenced by
the immune cell populations (Robinson et al, 2016). Neutrophils,
borne out of the bone marrow, are the most abundant circulating
leukocytes in the human body (de Oliveira et al, 2016). A cell
lineage short lived with rather heterogeneous nature, neutrophils
are considered the first line of defense in the innate immune
response (Ng et al, 2019). It has long been thought that neutrophils
are scarcely present in the liver under physiological conditions, a
notion verified recently by single-cell RNA-seq studies (Zhao
et al, 2020). On the contrary, multiple injurious stimuli promote the
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trafficking of circulating neutrophils to the liver where they exert
strong pro-inflammatory effects (Ramaiah & Jaeschke, 2007; Gao
et al, 2011; Xu et al, 2014). Increased neutrophil infiltration is
observed in ALD patients and appears to be associated with poor
prognosis (Mookerjee et al, 2007; Das et al, 2017). Typically, neutro-
phils, under the influence of excessive influx of ethanol, produce a
large amount of pro-inflammatory mediators, hydrolytic proteases,
and reactive oxygen species, which in combination cause extensive
hepatocellular damages (Lucey et al, 2009). The debris of the
necroptotic hepatocytes may act as damage-associated molecular
patterns and fuel the activation of innate immunity inside the liver
to aggravate the injuries (Cho & Szabo, 2021). Consistent with the
pro-pathogenic role of neutrophils in ALD, it has been indepen-
dently demonstrated by the Gao group (Bertola et al, 2013b) and the
Szabo group (Bukong et al, 2018) that depletion of neutrophils prior
to alcohol drinking markedly attenuated the severity of liver injury
in model animals. A host of chemoattractive substances, including
complement C5a (Robbins et al, 1987), interleukin 8 (Hill
et al, 1993; Joshi-Barve et al, 2003), and interleukin 17 (Lemmers
et al, 2009), have been implicated in neutrophil homing to the liver
in the pathogenesis of ALD. However, the transcriptional regulation
underlying neutrophil trafficking in this context remains largely
underexplored.

Brahma-related gene 1 (Brgl) is the core component of the SWI/
SNF chromatin remodeling complex (Khavari et al, 1993). Although
Brgl is essential for organogenesis as evidenced by the observation
that germline deletion of Brgl leads to embryonic lethality (Bultman
et al, 2000, 2005), post-natal Brgl deficiency in certain lineages is
compatible with a normal life-span under physiological conditions.
We have previously reported that hepatocyte-restricted Brgl dele-
tion in mice is associated with amelioration of a range of liver
pathologies (Zhang et al, 2019; Fan et al, 2020; Hong et al, 2020;
Dong et al, 2021; Li et al, 2021; Kong et al, 2021a). Here we present
evidence to implicate Brgl in ALD pathogenesis through stimulating
hepatocyte-derived chemokine CXCL14 to promote neutrophil infil-
tration.

Results

Alcohol exposure up-regulates Brgl expression in vivo
and in vitro

In order to implicate Brgl in the pathogenesis of ALD, response of
hepatic Brgl expression to alcohol exposure was tested in several
different models. In the first model the C57/BL6 mice were
subjected to acute alcohol consumption via two consecutive

Figure 1. Alcohol exposure up-regulates Brgl expression in vivo and in vitro.
A-D

E-H
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gavages of ethanol (5 g/kg) separated by 12 h and sacrificed 8 h
after the second gavage (Fig 1A). Quantitative PCR (Fig 1B),
Western blotting (Fig 1C), and immunohistochemical staining
(Fig 1D) clearly indicated an increase of Brgl expression in the
livers of alcohol-exposed mice compared to the saline-exposed
mice. In the second model, also known as the NIAAA model (Ber-
tola et al, 2013a), the C57/BL6 mice were fed the Lieber-DeCarli
ethanol liquid diet for 2 weeks immediately followed by a single
dose of alcohol gavage (Fig 1E). Again, hepatic Brgl expression
was up-regulated as measured by qPCR (Fig 1F), Western blotting
(Fig 1G), and immunohistochemical staining (Fig 1H). Next,
primary murine hepatocytes and human hepatoma cells (HepG2)
were treated with ethanol; exposure to ethanol markedly and tran-
siently stimulated Brgl expression peaking as early as 1 h after
the treatment (Fig 1I and J). Finally, a comparison of Brgl
immunochemical staining performed using paraffin sections of
livers from ALD patients and healthy donors revealed that alcohol
consumption probably led to up-regulation of hepatic Brgl
proteins in humans (Fig 1K).

We also investigated the potential mechanism whereby Brgl
expression was up-regulated in hepatocytes by ethanol exposure.
The promoter region of Brgl (encoded by Smarca4) was fused to a
reporter gene and transfected into HepG2 cells. Ethanol exposure
stimulated the Brgl promoter activity, indicating that Brgl might be
transcriptionally activated. By comparing the sensitivity of the
1.5 kb reporter construct and the 1 kb reporter construct to ethanol
exposure, it was determined that an alcohol-response element might
reside between —1,500 and — 1,000 of the Brgl promoter relative to
the transcription start site (TSS, Appendix Fig S1A). Upon close
examination, an E2F1 motif was discovered to locate between
—1,076 and — 1,071 of the BRG1 promoter; mutagenesis of this
E2F1 motif completely abrogated the response to ethanol treatment
(Appendix Fig S1B). Indeed, E2F1 depletion with siRNAs attenuated
the wup-regulation of Brgl expression by ethanol exposure
(Appendix Fig S1C). Further, ChIP assay confirmed that E2F1 was
recruited to the Brgl promoter in hepatocytes following ethanol
exposure (Appendix Fig S1D). Therefore, we conclude that E2F1
might mediate Brgl up-regulation in hepatocytes at the transcrip-
tionally level.

Manipulation of Brgl expression influences alcoholic liver
injury in mice

In order to translate the correlation between Brgl expression in
hepatocytes and alcohol exposure into causality, the following
experiments were performed in mice harboring hepatocyte-specific
Brgl deletion or Brgl over-expression (Appendix Fig S2 for

Alcoholic liver injury was induced in C57/BL6 mice by gavage as described in Methods (A). Brgl levels were examined by qPCR (B), Western (C), and
immunohistochemical staining (D). N =5 mice for each group. Scale bar, 100 um.

Alcoholic liver injury was induced in C57/BL6 mice by NIAAA feeding as described in Methods (E). Brgl levels were examined by gPCR (F), Western (G), and
immunohistochemical staining (H). N =5 mice for each group. Scale bar, 100 pm.

I,J]  Mouse primary hepatocytes and HepG2 cells were exposed to ethanol (50 mM) and harvested at indicated time points. N = 3 biological replicates.
K Human liver paraffin sections were stained with anti-BRG1 and quantified by Image Pro. N = 10 for each group. Scale bar, 100 pm.

Data information: Data are expressed as mean =+ S.D. *P < 0.05, two-tailed Student’s test.

Source data are available online for this figure.
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verification of Brgl expression in different transgenic strains). In the
first set of experiments, alcoholic liver injury was induced in
hepatocyte-specific Brgl knockout (Brgl'®®) mice (Li et al, 2019a)
and wild type (WT) littermates using the NIAAA model. It was
observed that Brgl deficiency attenuated the increase in liver weight
and liver weight/body weight ratio but did not alter body weight,
gonadal white adipose tissue (WAT) tissue weight, or WAT weight/-
body weight ratio in mice (Appendix Fig S3). Plasma ALT (Fig 2A)
and AST (Fig 2B) measurements indicated that liver injury was less
severe in the Brgl*®® mice than in the WT mice. In addition, less
hepatic accumulation of triglycerides was detected in the Brgl“X©
mice than in the WT mice (Fig 2C). Histological evaluation of liver
sections (H&E staining and oil red O staining) confirmed that there
were fewer lipid droplets in the Brg1™° livers than in the WT livers
(Fig 2D). QPCR analysis showed that hepatic expression levels of
pro-inflammatory mediators, including interleukin 1 beta (Il1b),
interleukin 6 (Il6), tumor necrosis factor alpha (Tnfa), and inducible
NO synthase (Nos2), and molecules involved in lipid metabolism,
including fatty acid synthase (Fasn), stearoyl-CoA desaturase 1
(Scd1), acetyl-CoA carboxylase 1 (Accl), and sterol response
element binding protein 1 (Screbpl) were down-regulated in the
Brg1“*° mice compared to the WT mice (Fig 2E). Notably, Brgl defi-
ciency did not influence alcohol intake or blood alcohol levels in
mice (Appendix Fig S4). In addition, expression levels of key
enzymes involved in metabolism of ethanol were not significantly
altered by Brgl manipulation in the liver (Appendix Fig S5),
suggesting that regulation of ALD by Brgl is unlikely attributable to
alcohol metabolism. Similarly, in an acute gavage model of ALD it
was found that the Brgl**© mice exhibited a less severe phenotype
than the WT mice (Appendix Fig S6).

Next, ALD was induced in the hepatocyte-specific Brgl over-
expression mice (BrglLKI) (Kong et al, 2021a) by the NIAAA proce-
dure. Plasma ALT (Fig 2F) and AST (Fig 2G) measurements
suggested that Brgl over-expression enhanced alcoholic liver injury.
In accordance, biochemical quantification (Fig 2H) and histological
evaluation (Fig 2I) demonstrated an acceleration of lipid accumula-
tion in the Brgl™® livers than in the WT livers. Additionally, qPCR
analysis showed a trend of up-regulation in the expression levels of
pro-inflammatory/pro-lipogenic genes (Fig 2J). Taken together,
these data link Brgl manipulation in hepatocytes to altered ALD
phenotype in mice.

Brgl deficiency attenuates leukocyte trapping in the liver

There is a growing consensus that cells of different immune lineages
play an important role in ALD pathogenesis (Zetterman &
Sorrell, 1981; Vidali et al, 2008; Gao et al, 2011). Flow cytometric
analysis was performed to evaluate the role of Brgl on the composi-
tion of immune cells in the ALD livers. As shown in Fig 3A, Brgl
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deficiency led to a significant decrease in Ly6G" neutrophils in the
livers but minimally affected the populations of F4/80" macro-
phages, CD3" T lymphocytes, B220" B lymphocytes, and NK1.1" NK
cells. Immunohistochemical staining detected fewer Ly6G" neutro-
phils in the Brgl"®© livers than in the WT livers (Fig 3B). In
contrast, infiltration of F4/80" macrophages and CD3" lymphocytes
was indistinguishable between the WT livers and the Brgl™® livers
(Appendix Fig S7). Based on these observations, we hypothesized
that Brgl might contribute to neutrophil trafficking by modulating
hepatocyte-derived chemoattractive cues. To test this hypothesis,
Boyden chamber transwell assay was performed (Fig 3C). Co-
culture with WT hepatocytes exposed to ethanol treatment stimu-
lated neutrophil migration stronger than with Brgl"*® hepatocytes
(Fig 3D). Brgl knockdown in HepaRG cells achieved similar effects
by reducing the migration of neutrophils (Appendix Fig S8). On the
contrary, more Ly6G" neutrophils were detected in Brgl™' livers
than in the WT livers (Appendix Fig S9).

To determine the nature of the chemoattractive cue that
emanates from WT livers but diminishes in the Brgl"*® livers, we
compared the liver transcriptomics of two WT mice subjected to the
NIAAA procedure and two Brgl™®© mice subjected to the NIAAA
procedure. RNA-seq data revealed that over 100 genes were dif-
ferentially expressed between the two groups (Fig 3E and F). Enrich-
ment analysis suggested that cell-cell communication pathways
were among those most influenced by Brgl deficiency (Fig 3G). C-X-
C motif ligand chemokine 14 (CXCL14) was detected to trend with
Brgl (Fig 3F and H). QPCR analysis indicated that NIAAA diet feed-
ing led to robust induction of CXCL14 expression in liver parenchy-
mal cells (PCs) but not in non-parenchymal cells (NPCs), indicating
that hepatocytes might be the major source from which CXCL14 is
derived during ALD pathogenesis (Appendix Fig S10). Although
several other genes appeared to be down-regulated by Brgl deletion
(Fig 3H), none possess clear chemotactic activities. In addition,
expression levels of CXCL1, a chemokine known to regulate neutro-
phil migration, were comparable between the WT group and the
Brg1™*© group (Appendix Fig S11). Because of the well-established
role of CXCL chemoattractants in regulating immune cell trafficking
(Griffith et al, 2014), we focused on the regulation of CXCL14 tran-
scription by Brgl for the remainder of the study.

Brgl regulates neutrophil migration by activating
CXCL14 transcription

We next examined the transcriptional and functional relationship
between Brgl and CXCL14. QPCR (Fig 4A) and ELISA (Fig 4B) assays
showed that CXCL14 levels were significantly lower in the NIAAA
diet-challenged Brgl1“*® livers than in the WT livers. In contrast,
increased CXCL14 levels were detected in the NIAAA diet-challenged
Brg1™ livers compared to the WT livers (Appendix Fig S12). In

Figure 2. Manipulation of Brgl expression influences alcoholic liver injury in mice.

A-E Alcoholic liver injury was induced in WT and Brgl LKO mice by NIAAA feeding as described in Methods. (A) Plasma ALT levels. (B) Plasma AST levels. (C) Hepatic
triglyceride levels. (D) H&E staining and Oil Red O staining. (E) Gene expression levels were examined by qPCR. N = 4-8 mice for each group. Scale bar, 100 pm.

F-J  Alcoholic liver injury was induced in WT and Brgl LKI mice by NIAAA feeding as described in Methods. (F) Plasma ALT levels. (G) Plasma AST levels. (H) Hepatic
triglyceride levels. (1) H&E staining and Oil Red O staining. (J) Gene expression levels were examined by qPCR. N = 4-8 mice for each group. Scale bar, 100 pum.

Data information: Data are expressed as mean + S.D. *P < 0.05, two-tailed Student’s test.

Source data are available online for this figure.

4 of 18  EMBO Molecular Medicine 15: €16592 | 2023

© 2023 The Authors



ICine

EMBO Molecular Med

Nan Li et al

OWT O Brg1'®

N
s

(6/6w) sjene] 1 djaedeH

OWT O Brgt'x®

OWT OBrgt'x®

§EEEGR =
L
() siere] Ly vwiseid

g
&
g

() siene] Loy vwss|d

Pair-fed NIAAA

uli

& & &
- - -] C
8|eAe] YNYW eApv|ey

Pair-fed NIAAA

5
0

5 &

- - ] C
8leAe| YNYW eAps|ey

Acct

i

L] C] 0 ]
- - o L
slee] YNYW eARGley

‘i—iﬁ
Pair-fed NIAAA

0 S ] [
- - - S
..o>o.<z¢Eo>=-_o¢

5

] C] B S
- - =] S
sleAe] YNNW eApvIeY

OWT O Brgtix0
Pair-fed NIAAA

s &  ® o
- - =] =
SjoAe] YNHW oARDIOY

g & <
- - < =
8[oAe| YNYW eApv|ey

OWT OBrgt'®

OWT O©Brgi™®

1
(UN) ejene] LY vuseld

- - ]
BuuIws OUO eABUIeY

Figure 2.

50f18

EMBO Molecular Medicine  15: 16592 | 2023

© 2023 The Authors



EMBO Molecular Medicine

NK cell

W o w0 o
COMOAPC-OYTA: COIAPCOVTA

ComoFITCA: BZ0FTCA

w W oW w6t
ComoPEA:NKL1 PEA

LY6G* celisffield

CompAPC.OYTA- COIAPC.OVTA CompFTCA-B20FTCA

©

Relative Inmune cell
population (%)

wt
CompPEA-NKLT PEA

Neutrophil (HL-60)

— Primary hepatocyte

EtOH

R TG
l TS,

ey
SN &

E g Neutrophilis/fleld
§38ennrow

H

. smareda &, ©

2 L, e
Erca T PR

T 8

3

S 6 :
e

S 4 .
[

o

<

o

-6 -4 -2

Log2Fold

G

GO

GO:0006811~ion transport
GO:0007267~cell-cell signaling

GO:004594d~positive regulation of transcription from RNA polymerase II promoter

GO:0060384~innervation
GO:0051216~cartilage development

GO:0007399~nervous system development
GO:0048013~ephrin receptor signaling pathway
GO:0060686~negative regulation of prostatic bud formation
GO:0045597~positive regulation of cell differentiation

GO:0006814~sodium ion transport

GO:0010942~positive regulation of cell death

GO:0045893-p

regulation of

DNA-templated
GO:0030308~negative regulation of cell growth "

GO0:007267~cell-cell signaling

Cxcl14
Trhde '

5
|+ 1

Nan Li et al

+
| ++
o+

R
8

Human T-cell leukemia vir
Morphine addi

Nicotine addiction 1

Cushing syndrome 4
Hepatocellular carcinoma 1
Cortisol synthesis and secretion 4
Gap junction 4

GABAergic synapse 1

TGF-beta signaling pathway 1

T cell receptor signaling pathway 1
Cytokine-cytokine receptor interaction
Oocyte meiosis ]

Cell eycle s

is - itin sulfate / dermatan

GO:0048468~cell development
GO:0050801~ion homeostasis
GO:000323 1~cardiac ventricle

Figure 3.

6 of 18

EMBO Molecular Medicine 15: 16592 | 2023

GO:0007517~muscle organ development

3 4 5
-Log (paai)

Apoptosis
Glycosaminoglycan blosynthesis - heparan sulfate / heparin =

Retrograde endocannabinoid signaling -
Wht signaling pathway

|

e
~
w
&

-Log (paai)

© 2023 The Authors



Nan Li et al

Figure 3. Brgl deficiency attenuates leukocyte trapping in the liver.

EMBO Molecular Medicine

A Alcoholic liver injury was induced in WT and LKO mice by NIAAA feeding as described in Methods. Flow cytometry was performed as described in Methods. N =6
mice for each group. Data are expressed as mean + S.D. *P < 0.05, two-tailed Student’s test.
B Immunohistochemical staining of paraffin section with anti-Ly6G. N = 6 mice for each group. Scale bar, 100 pum. Arrows, Ly6G* neutrophils. Data are expressed as

mean + S.D. *P < 0.05, two-tailed Student’s test.
@ A scheme of Boyden chamber transwell assay.

D Primary hepatocytes were isolated from WT and LKO mice and treated with or without EtOH. Transwell assay was performed as described in Methods. N =3
biological repeats. Data are expressed as mean =+ S.D. *P < 0.05, two-tailed Student’s test.
E-H Alcoholic liver injury was induced in WT and Brgl LKO mice by NIAAA feeding as described in Methods. RNA-seq was performed using liver tissues. Venn diagram

(E). Volcano plot (F). GO and KEGG analyses (G). Heat map (H).

Source data are available online for this figure.

response to ethanol treatment, primary hepatocytes isolated from
the WT mice produced more CXCL14 molecules than those from the
Brg1“*° mice (Fig 4C and D). To determine whether ethanol-induced
CXCL14 occurred at the transcriptional level, the CXCL14 promoter
extending ~2 kb from TSS was fused to a reporter and introduced
into HepG2 cells via transient transfection. As shown in Fig 4E,
ethanol treatment significantly up-regulated CXCL14 promoter-
reporter activity. In addition, the ethanol response element appeared
to reside between —400 and — 100 relative to the TSS as revealed by
truncation mutagenesis (Fig 4E). Indeed, ChIP assay demonstrated
that Brgl was recruited to the proximal CXCL14 promoter region,
but not to the more distal regions, when hepatocytes were exposed
to ethanol treatment (Fig 4F), suggesting that Brgl could directly
bind to the CXCL14 promoter and activate CXCL14 transcription.
Binding of Brgl to the proximal CXCL14 promoter was further vali-
dated in the murine livers (Appendix Fig S13).

Transwell assay showed that the addition of recombinant
CXCL14 rescued the deficiency in the ability of Brgl-null hepato-
cytes to promote neutrophil migration indicating that CXCL14 might
be downstream of Brgl functionally (Fig 4G). To further authenti-
cate the functional relationship between Brgl and CXCL14 in ALD
pathogenesis, AAV-mediated delivery was exploited to re-introduce
CXCL14 into the Brgl™®© mice. Over-expression of exogenous
CXCL14 largely restored NIAAA diet-induced liver injury (Fig 4H
and 1) and lipid accumulation (Fig 4J) in the Brg1**° mice bringing
the levels closer to those observed in the WT mice. Consistently, the
expression levels of pro-inflammatory and pro-lipogenic genes were

up-regulated in AAV-CXCL14 infected Brgl**° mice compared to
the AAV-GFP infected Brg1"*© mice (Fig 4K).

Manipulation of CXCL14 regulates alcoholic liver injury in mice

We then asked whether manipulation of CXCL14 by itself would be
sufficient to influence ALD pathogenesis in mice. In the first set of
experiments, ectopic CXCL14 was delivered through injection with
AAV viral particles followed by ALD induction using the NIAAA
procedure (Fig 5A). Levels of CXCL14 over-expression were verified
by gPCR and ELISA (Appendix Fig S14). CXCL14 over-expression
enhanced alcoholic injury as shown by measurements of plasma
ALT (Fig 5B), plasma AST (Fig 5C), and hepatic triglyceride
(Fig SD) levels. Histological analyses revealed that AAV-CXCL14
injection enhanced NIAAA-induced steatosis, ROS production, and
neutrophil infiltration (Fig SE). In addition, higher levels of pro-
inflammatory/pro-lipogenic genes were detected in the AAV-
CXCL14 injected livers than in the AAV-GFP injected livers (Fig 5F).

In the second set of experiments, endogenous CXCL14 was
depleted by AAV delivery of targeting shRNA and the knockdown
efficiency was confirmed by qPCR and ELISA (Appendix Fig S15).
CXCL14 silencing led to an amelioration of alcoholic liver injury as
indicated by plasma ALT (Fig 5G), plasma AST (Fig S5H), and
hepatic triglyceride (Fig SI) levels. Moreover, H&E staining, oil red
O staining, DHE staining, and histochemical staining with an anti-
Ly6G antibody all pointed to a less severe ALD phenotype owing to
CXCL14 knockdown (Fig 5J). QPCR measurements of pro-

Figure 4. Brgl regulates neutrophil migration by activating CXCL14 transcription.

A, B Alcoholic liver injury was induced in WT and Brgl LKO mice by NIAAA feeding as described in Methods. CXCL14 levels were examined by qPCR and ELISA. N =3-6
mice for each group. Data are expressed as mean + S.D. *P < 0.05, one-way ANOVA with post-hoc Scheffe.

C Primary Mouse primary hepatocytes were exposed to ethanol (50 mM) and harvested at indicated time points. CXCL14 levels were examined by gPCR. N = 3

biological replicates. Data are expressed as mean + S.D. *P < 0.05, one-way ANOVA with post-hoc Scheffe.
Primary Mouse primary hepatocytes were exposed to ethanol (50 mM) for 6 h. CXCL14 levels in the media were examined by ELISA. N = 3 biological replicates.

D
Data are expressed as mean £ S.D. *P < 0.05, one-way ANOVA with post-hoc Scheffe.

E CXCL14 promoter constructs of different lengths was transfected into HepG2 cells with or without Brgl followed by treatment with ethanol. Luciferase activities
were normalized by protein concentration and GFP fluorescence. N = 3 biological replicates. Data are expressed as mean =+ S.D. *P < 0.05, two-tailed Student’s
test.

F Primary Mouse primary hepatocytes were exposed to ethanol (50 mM) and harvested at indicated time points. ChIP assays were performed with anti-Brgl or IgG.
N = 3 biological replicates. Data are expressed as mean + S.D. *P < 0.05, two-tailed Student’s test.

G Primary hepatocytes isolated from WT and Brgl LKO mice were exposed to ethanol (50 mM) in the presence or absence of recombinant CXCL14. Transwell assay
was performed as described in Methods. N = 3 biological repeats. Data are expressed as mean =+ S.D. *P < 0.05, two-tailed Student’s test. Arrows, migrated neu-
trophils.

H—K

WT and Brgl LKO mice were injected with AAV8-CXCL14 or AAV8-GFP followed by NIAAA feeding. Plasma ALT (H) and AST (1) levels. (J) Hepatic triglyceride levels. (K)
Gene expression levels were examined by qPCR. N =5 mice for each group. Data are expressed as mean + S.D. *P < 0.05, one-way ANOVA with post-hoc Scheffe.

Source data are available online for this figure.
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Figure 5. Manipulation of CXCL14 regulates alcoholic liver injury in mice.

Nan Li et al

A-F C57/BL6 were injected via tailed AAV8-CXCL14 or AAV8-GFP followed by induction of alcoholic liver injury. (A) Scheme of animal protocol. Plasma ALT (B) and AST
(C) levels. (D) Hepatic triglyceride levels. (E) Liver sections were stained with H&E, oil red O, DHE, and anti-Lys6G (left panel). Steatosis score and quantifications of
staining (right panel). (F) Gene expression levels were examined by qPCR. N = 3-5 mice for each group. Scale bar, 100 um. Arrows, Ly6G* neutrophils. Data are

expressed as mean + S.D. *P < 0.05, two-tailed Student’s test.

G-K C57/BL6 were injected via tailed AAV8-CXCL14 or AAV8-GFP followed by induction of alcoholic liver injury. Plasma ALT (G) and AST (H) levels. (I) Hepatic triglyceride
levels. ()) Liver sections were stained with H&E, oil red O, DHE, and anti-Lys6G (left panel). Steatosis score and quantifications of staining (right panel). (K) Gene
expression levels were examined by qPCR. N = 4-6 mice for each group. Scale bar, 100 um. Arrows, Ly6G" neutrophils. Data are expressed as mean =+ S.D.

*P < 0.05, two-tailed Student’s test.

Source data are available online for this figure.

inflammatory/pro-lipogenic gene expression added further support
to the notion that CXCL14 might be essential for ALD pathogenesis
(Fig 5K). Of note, CXCL14 did not influence the infiltration of F4/
80+ macrophages or CD3+ lymphocytes (Appendix Fig S16).

Targeting the Brgl-CXCL14 axis ameliorates alcoholic liver
injury in mice

Based on the observation that manipulation of either Brgl expression
or CXCL14 expression was associated altered ALD phenotype, we
next entertained the idea that small-molecule compounds that specifi-
cally target Brgl or CXCL14 might be effective in ALD intervention.
To test this idea, the mice were induced to develop ALD by the
NIAAA procedure followed by injection with a specific Brgl inhibitor
(PFI-3) (Vangamudi et al, 2015; Wu et al, 2016; Sharma et al, 2021)
or a specific antagonist to the CXCL14 receptor (AMD3100) (Salogni
et al, 2009; Collins et al, 2017) (Fig 6A). Administration of PFI-3
significantly alleviated alcoholic liver injury as evidenced by plasma
ALT levels (Fig 6B), plasma AST levels (Fig 6C), and hepatic triglyc-
eride levels (Fig 6D). Further evidence that Brgl inhibition by PFI-3
administration could potentially mitigate alcoholic liver injury was
provided by histological stainings that showed reduced lipid droplets,
ROS production, and neutrophil infiltration in the liver (Fig 6 E).
QPCR examination of pro-inflammatory/pro-lipogenic gene expres-
sion levels further attested to the effectiveness of PFI-3 administration
(Fig 6F). Similarly, CXCL14 blockade by AMD3100 corroborated the
finding that CXCL14 is essential for ALD pathogenesis (Fig 6G-K). In
vitro trans-well assays confirmed that treatment with either PFI-3
(Appendix Fig S17) or AMD3100 (Appendix Fig S18) suppressed
neutrophil migration. AMD3100 is known to target CXCR4, a receptor
for CXCL12. To rule out the involvement of hepatocyte-derived
CXCL12 in neutrophil migration, endogenous CXCL12 was depleted
with siRNAs. Notably, CXCL12 depletion did not influence the emis-
sion of ethanol-induced, hepatocyte-derived chemoattractive cue to
promote neutrophil migration (Appendix Fig S19).

The Brgl-CXCL14 axis may play a role in alcoholic liver
disease in humans

We finally assessed the relevance of the newly identified Brgl-
CXCL14 axis in ALD pathogenesis in humans. QPCR detected signifi-
cantly higher levels of Brgl and CXCL14 in the liver specimens from
ALD patients compared to healthy individuals (Fig 7A). Positive
correlation between Brgl expression and CXCL14 expression was
identified in the ALD specimens (Fig 7B). Using publicly deposited
datasets, we were able to confirm the positive correlation between
Brgl expression and CXCL14 expression in the livers of ALD
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patients (Appendix Fig S20). Further, elevated levels of neutrophil
infiltration were revealed by immunohistochemical staining (Fig 7C)
and both Brgl expression and CXCL14 expression were found to be
positively correlated with neutrophil infiltration (Fig 7D).

Discussion

Alcoholic liver disease is the most prevalent form of alcohol use
disorder. Herein we describe a novel regulatory axis where the chro-
matin remodeling protein Brgl activates the transcription of chemo-
kine CXCL14 to promote neutrophil infiltration and consequently
ALD (Fig 7E). Previous studies have shown that Brgl is able to stim-
ulate the production of multiple hepatocyte-derived chemoattractive
substances to promote homing of different immune cells. In a model
of concanavalin A induced fulminant hepatitis, Brgl deficiency
attenuates hepatic infiltration of T lymphocytes owing to reduced
production of the chemokine nephronectin (Hong et al, 2020). Alter-
natively, Brgl deficiency dampens macrophage infiltration by limit-
ing the availability of the chemokine CCL7 (Kong et al, 2021a). Of
note, Brgl deficiency did not alter the recruitment of either macro-
phages or T lymphocytes in the ALD models (Fig 3A). The context-
dependent requirement for Brgl in modulating the trafficking of
specific immune cell sub-populations remains unclear. Brgl relies
on sequence-specific transcription factors to be recruited to target
promoters and, by extension, participate in the regulation of patho-
physiological processes. Therefore, it is possible that certain
ethanol-sensitive transcription factors (TFs) may become rate-
limiting for Brgl recruitment, CXCL14 trans-activation and, ulti-
mately, neutrophil homing. Characterization of the proximal
CXCL14 promoter reveals several TFs including C/EBPB (Niu
et al, 2020) and ETS1 (Komori et al, 2010). Both C/EBPfB (Fan
et al, 2019) and ETS1 (Chen et al, 2020) have been indicated as
potential binding partners for Brgl. Further, both C/EBPB (Chen
et al, 2009) and ETS1 (McMullen et al, 2005) have been implicated
in ALD pathogenesis. It would be of interest to determine whether
mice with hepatocyte-specific deficiency in C/EBPf or ETS1 would
phenocopy the Brg1“*® mice and exhibit reduced neutrophil infiltra-
tion when challenged with alcohol.

Although there is compelling evidence to show that CXCL14 is
directly downstream of Brgl and mediates neutrophil infiltration
during ALD pathogenesis, there might be alternative and otherwise
indirect mechanism underlying Brgl-dependent regulation of
neutrophil trafficking. For instance, RNA-seq data (Fig 3H) point to
reduced TNFSF9 (also known as CD137L) expression in the Brg1¥©
livers compared to the WT livers. Several reports have suggested
that CD137L, along with its cognate receptor CD137, can be

© 2023 The Authors



Nan Li et al EMBO Molecular Medicine

B C . D

A .
e W s, * ovemight s
v 4 150:
K

w
(-]
-

8

Sacrifice

PFI-3, AMD3100, or vehicle daily injection

Hepatlc TG levels (mg/g)

Plasma ALT levels (U/L)
Plasma AST levels (U/L)
(-] N - - -]

Vehicle PFI-3 Vehicle  PFI-3 Vehicle PFI-3

-
(")
-

1.0

-

o
n

Relative DHE staining
o

;
:
3
:

°
°

PFA3 Vehicle ' PFI3 Vehicle ' PFI3

F OVehicle G - H . |

PFI-3

-
[

=
[
g
O
o

-

Plasma ALT levels (U/L)
-
Plasma AST levels (U/L)
-
°

-
8
]

g
Hepatic TG levels (mg/g)

Relative mRNA levels
[-]

o Vehicle AMD3100 o Vehicle AMD3100 Vehicle AMD3100

litb Tnfa Cxcil12 Cxci13 Cxci14 Cxcit5 Fasn Scd1 Srebpt

-
3

Y
-
5
Py
3
o

-
3

Relative DHE stalning
@

Steatosls Score
Relative ORO stalning
LyeG* celisifleld

o 0.0 0.0 L
Vehicle AMD3100 Vehicle AMD3100 Vehicle AMD3100 Vehicle AMD3100

ot —e . © Vehicle
2 : — © AMD3100
K3 | « ,’ —
< 10| .© , )
=z K
,,é :
o o ‘
2osl ¥
K
2 =1
0.0 - .
b Tnfa Fasn Scd1

Figure 6. Targeting the Brgl-CXCL14 axis ameliorates alcoholic liver injury in mice.

A-F Chronic alcoholic liver injury was induced in mice as described in Methods and a Brgl inhibitor PFI-3 (5 mg/kg) was administered at day 10. Scheme of protocol
(A). Plasma ALT (B) and AST (C) levels. Hepatic triglyceride levels (D). Liver sections were stained with H&E, oil red O, DHE, and anti-Lys6G (E). Gene expression was
measured by qPCR (F). Scale bar, 100 pm. Arrows, Ly6G " neutrophils.

G—K Chronic alcoholic liver injury was induced in mice as described in Methods and a CXCR4 antagonist AMD3100 (5 mg/kg) was administered at day 10. Plasma ALT
(G) and AST (H) levels. Hepatic triglyceride levels (I). Liver sections were stained with H&E, oil red O, DHE, and anti-Lys6G (J). Gene expression was measured by qPCR
(K). Scale bar, 100 um. Arrows, Ly6G" neutrophils.

Data information: N = 6 mice for each group. Data are expressed as mean =+ S.D. *P < 0.05, two-tailed Student’s test.

Source data are available online for this figure.
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Source data are available online for this figure.

involved in reverse signaling to regulate chemotaxis. Of interest,
Kim et al (2012) have shown that CD137L expression in tubular
epithelial cells can induce the synthesis of CXCL1 and CXCL2, which
in turn promote neutrophil chemotaxis in a murine model of renal
ischemia-reperfusion injury (Kim et al, 2012). Another attention-
worthy Brgl-dependent candidate gene revealed by RNA-seq data is
ADRA2A, which encodes a subunit of adrenoreceptor. Adrenorecep-
tor signaling is known to modulate the behaviors of neutrophils
including migration and chemotaxis (de Coupade et al, 2004; Brun-
skole Hummel et al, 2013). Thus, the observation that there was
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Representative images of anti-Ly6G staining and anti-CXCL14 staining. Scale bar, 100 pum.

subdued neutrophil infiltration in the Brgl™° livers may be attrib-
uted to impaired adrenoreceptor signaling. Of note, neutrophil infil-
tration and consequent alcoholic hepatitis are associated with up-
regulation of the adhesion molecule E-selectin (Bertola et al, 2013b),
a well characterized transcriptional target of Brgl (Fang et al, 2013).
We have previously shown that Brgl promotes neutrophil migration
to the ischemic heart by up-regulating the transcription of the adhe-
sion molecule podocalyxin (PODXL) in vascular endothelial cells
(Zhang et al, 2018). It is therefore likely that altered expression of
adhesion molecules may contribute to suppression of neutrophil

© 2023 The Authors
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recruitment in the Brgl™®® livers. These lingering possibilities
should be further investigated to clarify the mechanistic link
between Brgl and intrahepatic immune cell composition.

Although we establish a connection between Brgl deletion/inhi-
bition and blockade of neutrophil infiltration, it should be noted that
non-chemotactic role of Brgl in ALD pathogenesis cannot be ruled
out. One of the key pathological characteristics of ALD is the spil-
lover of pro-inflammatory mediators in the liver (Zhang et al, 2018).
Tian et al (2013) have previously demonstrated that Brgl mediates
palmitate-induced pro-inflammatory mediators in cultured hepato-
cytes by interacting with NF-xB (Tian et al, 2013). Because ethanol
exposure can directly elevate the synthesis of pro-inflammatory
mediators in hepatocytes in vitro in an NF-kB-dependent manner
(Szabo et al, 2001; Senthil Kumar et al, 2012; Chiu et al, 2014), we
propose that Brgl may contribute to ALD pathogenesis by, at least
in part, by stimulating the production of pro-inflammatory media-
tors from hepatocytes. Similarly, ALD patients typically display
marked hepatic steatosis indicative of altered lipid metabolism.
Mounting evidence suggests a direct role for Brgl in metabolic
reprograming in a range of settings. For instance, we have shown
that Brgl, by interacting with SREBP, regulates the transcription of
genes involved in fatty acid synthesis and cholesterol synthesis in
hepatocytes (Li et al, 2018a; Fan et al, 2020; Kong et al, 2021b).
These observations certainly caution the interpretation of the data
presented by this report and allude to a more complicated scenario
in which multiple Brgl-dependent but otherwise independent
threads collectively contribute to ALD pathogenesis.

There are several issues that deserve further attention. First, it
appears counterintuitive that Brgl deficiency selectively impacts
neutrophils despite collective down-regulation of cytokines/chemoki-
nes known to promote trafficking of macrophages (Fig 2E). It is possi-
ble that a compensatory mechanism in the absence of hepatocyte
Brgl is activated to promote macrophage infiltration despite low levels
of chemokines. Alternatively, an early surge followed by a decline of
F4/80+ macrophages has been well documented for a wide range of
organ injuries. We did not profile the dynamic changes in macrophage
population in the liver during the entire course of ALD pathogenesis.
Therefore, the possibility that Brgl may regulate macrophage infiltra-
tion at earlier points during ALD development cannot be conclusively
excluded. Second, we observed that targeting CXCL14 appeared to
attenuate both neutrophil infiltration and steatosis in mice. It remains
unclear whether these two processes occur in tandem or parallel. On
the one hand, increased neutrophil infiltration in the liver may
promote steatosis by producing reactive oxygen species and pro-
inflammatory mediators to alter metabolism in hepatocytes. Neutro-
phil depletion by Ly6G blocking antibody has been shown to dampen
steatosis in a model of non-alcoholic fatty liver disease (Gonzalez-
Teran et al, 2016). A similar strategy has been exploited by Szabo
et al (2001) in a model of binge alcohol intake to show that neutrophil
depletion alleviates liver inflammation and injury (Bukong
et al, 2018); it was not determined whether steatosis was also altered
in this model. Therefore, it is reasonable to speculate that CXCL14
contributes to steatosis by virtue of promoting neutrophil infiltration.
On the other hand, Clement et al (2008) have previously reported that
adipose tissue-derived MCP-1, a classic chemokine, can directly
induce lipid accumulation when added to and incubated with hepato-
cytes in culture (Clement et al, 2008), pointing to the possibility that
chemokines can possess pro-lipogenic activities in addition to

© 2023 The Authors
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chemoattractive activities. More studies are warranted to clearly and
definitively resolve these lingering issues.

We focused on the role of hepatocyte-specific Brgl in ALD patho-
genesis in the present study. However, the contribution of non-
parenchymal cell Brgl in this process cannot be ruled out. For
instance, it has been well documented that Brgl in liver sinusoid
endothelial cells (LSECs) is able to regulate liver injury and fibrosis
(Li et al, 2019b; Dong et al, 2020; Shao et al, 2020). In addition,
Zhou et al (2021) have shown that deletion of Brgl in hepatic
progenitor cells (HPCs) attenuates cholangiocarcinoma in mice
(Zhou et al, 2021). More importantly, it is highly likely that Brgl
may directly regulate neutrophil-autonomous behaviors to contri-
bute to ALD pathogenesis given the extensive regulatory role of
Brgl in different immune cells (Chaiyachati et al, 2013; Bossen
et al, 2015; Qi et al, 2021). Future studies using lineage-specific Brgl
transgenic mice should help resolve the issue conclusively.

In summary, our data unveil a previously unrecognized role of
the Brgl-CXCL14 in ALD pathogenesis. Most significantly, small-
molecule Brgl inhibitors and CXCL14 antagonists appear to possess
therapeutic potentials in model animals. Since neither Brgl deletion
(Wang et al, 2019; Li et al, 2019a) or CXCL14 deletion (Nara
et al, 2007) in adult animals leads to any discernable detrimental
phenotype, targeting the Brgl-CXCL14 axis would presumably yield
safe and effective interventional strategies in treating ALD. It should
be noted that ALD develops after years, if not decades, of heavy
drinking in human patients, the pathophysiology of which is unli-
kely to be faithfully recapitulated by the current animal model in its
entirety. Therefore, more work, ideally employing humanized
animal model, is needed before the results of the present study can
be translated into clinical applications.

Materials and Methods
Animals

All animal protocols were reviewed and approved by the intramural
Committee on Ethical Treatment of Experimental Animals. Hepato-
cyte conditional Brgl knockout (Brgl“®°) mice were generated by
cross-breeding the Smarca4"" strain with the Alb-Cre strain as previ-
ously described (Li et al, 2018b). Hepatocyte conditional Brgl
knock-in (Brgl*®) mice were generated by cross-breeding the
RosaP®* mice (Liu et al, 2019) with the Alb-Cre mice. Alcoholic
liver injury was induced in 8-wk, male mice by oral gavage (Yin
et al, 2007) or chronic-plus-single-binge ethanol feeding (the
National Institute on Alcohol Abuse and Alcoholism model, or the
NIAAA model; hereafter referred to as the NIAAA feeding) (Bertola
et al, 2013a) as previously described. To manipulate CXCL14
expression in mice, murine CXCL14 cDNA or short hairpin RNA
(shRNA) targeting murine CXCL14 sequences (GCGAGGAGAA-
GAUGGUUAUTT) were cloned into the pAAV-DJ-CMV vector. Each
mouse received a single injection of 100 pl viral particles
(1X10"'GV/ml) through tail vein.

Cell culture, plasmids, and transient transfection

Human hepatoma cells (HepG2 and HepaRG) and human
neutrophil-like leukemia cells (HL-60) were maintained in DMEM
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supplemented with 10% fetal bovine serum (FBS, Hyclone).
Primary hepatocytes were isolated and cultured as previously
described (Fan et al, 2019). Human CXCL14 promoter-luciferase
construct was generated by amplifying genomic DNA spanning the
proximal promoter and the first exon of CXCL14 gene (—2,000/+94)
and ligating into a pGL3-basic vector (Promega). The mouse Smar-
ca4 promoter-luciferase constructs were cloned using a similar strat-
egy. Mutant constructs were generated by a QuikChange Kkit
(Thermo Fisher, Waltham, cat# 200514) and verified by direct
sequencing. Small interfering RNAs were purchased from Dharma-
con. Transient transfections were performed with Lipofectamine
2000. Luciferase activities were assayed 24-48 h after transfection
using a luciferase reporter assay system (Promega, cat# E1500).

Protein extraction and Western blot

Whole cell lysates were obtained by re-suspending cell pellets in
RIPA buffer (50 mM Tris pH7.4, 150 mM NaCl, 1% Triton X-100)
with freshly added protease inhibitor (Roche). Western blot analy-
ses were performed with anti-BRG1 (Santa Cruz, cat# sc-10,768,
1:1000) and anti-B-actin (Sigma, cat# A2228, 1:5000) antibodies.

RNA isolation and real-time PCR

RNA was extracted with the RNeasy RNA isolation kit (Qiagen, cat#
74106). Reverse transcriptase reactions were performed using a
SuperScript  First-strand Synthesis System (Invitrogen, cat#
12574026). Real-time PCR reactions were performed on an ABI
Prism 7500 system with the following primers: human CXCL14, 5'-
CGCTACAGCGACGTGAAGAA-3’ and 5-GTTCCAGGCGTTGTACCA
C-3’; human BRGI, 5-TCATGTTGGCGAGCTATTTCC-3’ and 5'-
GGTTCCGAAGTCTCAACGATG-3'; mouse Cxcl14, 5-GAAGATGGTT
ATCGTCACCACC-3' and 5-CGTTCCAGGCATTGTACCACT-3'; mouse
Brgl, 5'-CAAAGACAAGCATATCCTAGCCA-3’ and 5'-CACGTAGTGT
GTGTTAAGGACC-3’; mouse Il1b, 5-GCAACTGTTCCTGAACTCA
ACT-3' and 5'-ATCTTTTGGGGTCCGTCAACT-3'; mouse 116, 5'-TGG
GGCTCTTCAAAAGCTCC-3' and 5-AGGAACTATCACCGGATCTTCA
A-3’; mouse Tnfa, 5-CTGGATGTCAATCAACAATGGGA-3' and 5'-
ACTAGGGTGTGAGTGTTTTCTGT-3’; mouse Nos2, 5-GTTCTCAG
CCCAACAATACAAGA-3' and 5-GTGGACGGGTCGATGTCAC-3';
mouse Mcpl, 5-AAAACACGGGACGAGAAACCC-3' and 5'-ACGGGA
ACCTTTATTAACCCCT-3'; mouse Fasn, 5-GGAGGTGGTGATAGCC
GGTAT-3' and 5-TGGGTAATCCATAGAGCCCAG-3’; mouse Scdl,
5-ACTGTGGAGACGTGTTCTGGA-3" and 5-ACGGGTGTCTGGTAGA
CCTC-3’; mouse Accl, 5-GCGGCTACAGGGACTATACTG-3' and 5'-
CGGAAGTAAGAGCTACTAGCGG-3'; mouse Srebpl, 5'-TGACCCGG
CTATTCCGTGA-3' and 5-CTGGGCTGAGCAATACAGTTC-3'. Ct
values of target genes were normalized to the Ct values of house
keeping control gene (18 s, 5-CGCGGTTCTATTTTGTTGGT-3’ and
5-TCGTCTTCGAAACTCCGACT-3' for both human and mouse
genes) using the AACt method and expressed as relative mRNA
expression levels compared to the control group which is arbitrarily
set as 1.

Chromatin immunoprecipitation (ChIP)

Chromatin immunoprecipitation (ChIP) assays were performed
essentially as described before (Dong et al, 2022). In brief, chromatin
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in control and treated cells were cross-linked with 1% formaldehyde.
Cells were incubated in lysis buffer (150 mM NaCl, 25 mM Tris pH
7.5, 1% Triton X-100, 0.1% SDS, 0.5% deoxycholate) supplemented
with protease inhibitor tablet and PMSF. DNA was fragmented into
~200 bp pieces using a Branson 250 sonicator. Aliquots of lysates
containing 200 pg of protein were used for each immunoprecipita-
tion reaction with 5 pg of anti-BRG1 (Santa Cruz, cat# sc-10,768),
anti-E2F1 (Cell Signaling Tech, cat# 3472), or pre-immune IgG.

Flow cytometry

Hepatic tissue was perfused with warm HBSS (37°C) containing
collagenase IV (500 mg/L), DNase I (50 pg/L), FCS (2%) and BSA
(0.6%). After digestion, the tissue was gently teased apart with a
sterile blade and incubated in warm collagenase/HBSS solution
(37°C) for 15 min with frequent shaking. The cell suspension was
collected, filtered, and washed with PBS followed by centrifugation
at 50 x g for 2 min. The cell pellets (parenchymal cells) were
discarded and supernatants (non-parenchymal cells, NPCs) were re-
pelleted, washed, and re-suspended in PBS for flow cytometric anal-
ysis using the following antibodies: anti-Ly6G (Invitrogen, cat# 45—
5,931-30, 1:100), anti-F4/80 (BD Biosciences, cat# 565853, 1:100),
anti-CD3 (BD Biosciences, cat# 557596, 1:100), anti-NK1.1 (Invitro-
gen, Cat# 12-5,941-83, 1:100), anti-B220 (BD, cat# 563103, 1:100),
anti-CD45 (Biolegend, cat# 103108, 1:100) as previously described
(Daemen et al, 2021).

Neutrophil migration assay

Neutrophil migration was measured using the Boyden chamber
inserts (5 um, Corning cat# 3496). Prior to the assay, HL-60 cells
were differentiated with DMSO (1.3% v/v) for 6 days as previously
described (Babatunde et al, 2021). The hepatocytes were seeded into
the lower chamber and differentiated HL-60 cells were seeded into
the upper chamber. 24 h after seeding, the inserts were lifted using
forceps and washed with PBS. The cells on the inside of the inserts
were gently removed using moistened cotton swabs and the cells on
the lower surface of the membrane were then stained with crystal
violet. The inserts were then rinsed with PBS to remove unbound
dye and air-dried. The migrated cells were observed and imaged
under a microscope. In certain experiments, recombinant human
CXCL14 (20 ng/ml, R&D, cat# 866-CX-025) was directly added to the
conditioned media. Migrated cells were counted in at least five dif-
ferent fields for each well. The data are expressed relative cell migra-
tion compared to the control group which is set arbitrarily as 1. All
experiments were performed in triplicates and repeated three times.

Enzyme-linked immunosorbent assay

Secreted CXCL14 levels were examined by ELISA using commer-
cially available kits according to vendor’'s recommendations (Ray-
biotech, cat# ELM-CXCL14-1).

RNA sequencing and data analysis

RNA-seq was performed as previously described (Wu et al, 2021).

Total RNA was extracted using the TRIzol reagent according to the
manufacturer’s protocol. RNA purity and quantification were
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evaluated using the NanoDrop 2000 spectrophotometer (Thermo
Scientific, USA). RNA integrity was assessed using the Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). Then the
libraries were constructed using TruSeq Stranded mRNA LT Sample
Prep Kit (Illumina, San Diego, CA, USA) according to the manufac-
turer’s instructions and sequenced on an Illumina HiSeq X Ten plat-
form and 150 bp paired-end reads were generated. Raw data (raw
reads) of fastq format were firstly processed using Trimmomatic
and the low quality reads were removed to obtain the clean reads.
The clean reads were mapped to the mouse genome (Mus_muscu-
lus.GRCm38.99) using HISAT2. FPKM of each gene was calculated
using Cufflinks, and the read counts of each gene were obtained by
HTSeqcount. Differential expression analysis was performed using
the DESeq (2012) R package. P value < 0.05 and fold change > 2 or
fold change < 0.5 was set as the threshold for significantly differen-
tial expression. Hierarchical cluster analysis of differentially
expressed genes (DEGs) was performed to demonstrate the expres-
sion pattern of genes in different groups and samples. GO enrich-
ment and KEGG pathway enrichment analysis of DEGs were
performed respectively using R based on the hypergeometric distri-
bution. The raw RNA-seq data have been deposited in the NCBI
functional genomics data repository (GSE207090).

Human specimen collection

Liver biopsies were collected from patients with ALD referring to
Nanjing Drum Tower Hospital. Written informed consent was
obtained from subjects or families of liver donors. All procedures
that involved human samples were approved by the Ethics Commit-
tee of Nanjing Drum Tower Hospital and adhered to the World
Medical Association (WMA) Declaration of Helsinki and to the
Department of Health and Human Services Belmont Report. For
inclusion in the study, the patients have to meet the following crite-
ria: (i) daily alcohol consumption > 40 g for at least 30 years; (ii)
significantly elevated (3X over normal threshold) levels of AST,
ALT, and GGT with a AST/ALT ratio > 2; (iii) pathological
score > 6 (based on steatosis/0-4, inflammation/0-4, and fibrosis/
0-4). Those who have viral hepatitis, drug-induced hepatitis, and/or
autoimmune hepatitis were excluded. Patient information is summa-
rized in the Appendix Table S1.

Histology

Histological analyses were performed essentially as described
before. Briefly, the paraffin embedded sections were blocked with
10% normal goat serum for 1 h at room temperature and then incu-
bated with an anti-Ly6G antibody (Abcam, cat# ab238132, 1:100) or
anti-BRG1 antibody (Abcam, cat# ab110641, 1:100). Staining was
visualized by incubation with anti-rabbit secondary antibody and
developed with a streptavidin-horseradish peroxidase kit (Pierce,
cat# 21140) for 20 min. Pictures were taken using an Olympus IX-70
microscope. Slides were observed under a light microscope at high
power (X40) by two pathologists independently in a double-blind
fashion. The scoring system was based on the following criterion:
the staining intensity was divided into quintiles; the slides with the
strongest staining were given a score of 5 (top quintile) whereas the
slides with the dimmest staining were given a score of 1 (bottom
quintile).
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The paper explained

Problem

Chronic alcoholic consumption leads to alcohol liver disease (ALD), a
prelude to cirrhosis and hepatocellular carcinoma. Brahma-related
gene 1 (Brgl) has been associated with a range of liver pathologies,
however, Brgl function in ALD has not been investigated.

Results

In this paper we describe a novel mechanism whereby the chromatin
remodeling protein Brgl contributes to ALD. There is both a correla-
tive and a causal relationship between Brgl and ALD pathogenesis.
Brgl orchestrates the transcription of CXCL14, a chemokine, in hepa-
tocytes to direct trafficking of neutrophils to the liver leading to ALD.
Importantly, Brgl inhibition or CXCL14 antagonism by small-molecule
compounds attenuates ALD in mice.

Impact
These data provide novel insights into ALD pathogenesis and suggest
Brgl and CXCL14 as potential targets for ALD treatment.

Statistical analysis

One-way ANOVA with post-hoc Scheff’e analyses were performed
by SPSS software (IBM SPSS v18.0, Chicago, IL, USA). Unless other-
wise specified, values of P < 0.05 were considered statistically
significant.

Data availability

RNA-seq data generated for this study have been deposited in the Gene
Expression Omnibus repository with the accession number GSE207090
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc = GSE207090).

Expanded View for this article is available online.
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