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Abstract

The pathogenesis of antibodies in severe alcoholic hepatitis (SAH) remains unknown. We
sought to determine if there was antibody deposition in SAH livers and whether antibodies
extracted from SAH livers were cross-reactive against both bacterial antigens and human
proteins. We analyzed immunoglobulins (Ig) in explanted livers from SAH patients (n=45)
undergoing liver transplantation and tissue from corresponding healthy donors (HD, n=10)
and found massive deposition of IgG and IgA isotype antibodies associated with complement
fragment C3d and C4d staining in ballooned hepatocytes in SAH livers. Ig extracted from
SAH livers, but not patient serum exhibited hepatocyte killing efficacy in an antibody-
dependent cell-mediated cytotoxicity (ADCC) assay. Employing human proteome arrays, we
profiled the antibodies extracted from explanted SAH, alcoholic cirrhosis (AC), nonalcoholic
steatohepatitis (NASH), primary biliary cholangitis (PBC), autoimmune hepatitis (AIH),
hepatitis B virus (HBV), hepatitis C virus (HCV) and HD livers and found that antibodies of
IgG and IgA isotypes were highly accumulated in SAH and recognized a unique set of human
proteins as autoantigens. The use of an E. coli K12 proteome array revealed the presence of
unique anti-E. coli antibodies in SAH, AC or PBC livers. Further, both Ig and E. coli captured
Ig from SAH livers recognized common autoantigens enriched in several cellular
components including cytosol and cytoplasm (IgG and IgA), nucleus, mitochondrion and
focal adhesion (IgG). Except IgM from PBC livers, no common autoantigen was recognized by
Ig and E. coli captured Ig from AC, HBV, HCV, NASH or AIH suggesting no cross-reacting anti-
E. coli autoantibodies. The presence of cross-reacting anti-bacterial IgG and IgA
autoantibodies in the liver may participate in the pathogenesis of SAH.
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This important study tested the hypothesis that liver-derived but not serum-derived
antibodies that are cross-reactive to E.coli and to host proteins can play a role in the
hepatic damage found in severe alcoholic hepatitis (SAH). Using a solid
methodology that includes state-of-the-art microscopy, proteome arrays, and gene
ontology assays, it provides strong evidence that liver-derived IgG and IgA with
cytotoxic properties and reactivity to both gut-derived E.coli and autoantigens
accumulated in hepatocytes of SAH patients but not of healthy controls. The study
would benefit from a broader analysis of gut microbiota proteome and further
characterization of B cells infiltrating the liver tissue including their numbers/field
and their origin (infiltrating versus resident cells). The work opens new avenues of
understanding for the pathogenesis of severe alcoholic hepatitis and is of great
interest to researchers and clinicians in the field.

Introduction

Severe alcoholic hepatitis (SAH) is a distinct clinical syndrome that can develop suddenly
and quickly lead to liver failure. It carries a particularly poor prognosis with a 28-day
mortality ranging from 30-50%.%3. Unfortunately, there is little to offer medically to such
critically ill patients beyond supportive care with steroids, which improves survival in only
a minority.

Studies have established connections between alcohol abuse, disruption of gut microbial
homeostasis, and alcoholic liver disease (ALD). It has been speculated for over four decades
that antibodies targeting intestinal microbes might play a role in pathogenesis of
ALD®2%782, For example, the presence of IgA and IgG on the cell membrane of hepatocytes
was detected by direct immunofluorescence in patients with ALD, and the percentage of IgG-
positive hepatocytes correlated with transaminase levels, independently of the histological
findings®.

Although a number of studies demonstrated liver IgA deposition in ALD in the 1980s, other
reports concluded that IgA deposition in the liver was not specific for ALD but might reflect

the reduced metabolism of the damaged livers!% ! or the clearance of excess IgA from the

circulation'?. A recent study].% confirmed that human livers contained IgA-secreting cells
originating from Peyer’s patches and directed against intestinal antigens. Interestingly, livers
from mice with ethanol-induced injury contain increased numbers of IgA-secreting cells and
have IgA deposits in sinusoids’>.

The primary aim of this study was to determine if there was antibody deposition in SAH
livers and whether antibodies extracted from SAH livers exhibited hepatocyte killing
efficacy. The second aim was to determine if antibodies deposited in the liver were cross-
reactive antibodies against both bacterial antigens and human proteins and whether the

cross-reactive antibodies were presented uniquely in SAH livers.
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Results

Immunoglobulins in ballooned hepatocytes in SAH
patients

To determine whether antibodies deposit in SAH livers, we collected explanted liver tissues
from SAH patients during liver transplantation at Johns Hopkins. Liver tissue sections with
H&E staining from SAH patients showed histologic features of SAH including macrovesicular
steatosis, neutrophilic lobular inflammation, ballooning hepatocyte degeneration, Mallory-
Denk bodies, and portal and pericellular fibrosis (Figure 1A). Immunohistochemistry (IHC)
staining by using anti-human immunoglobulin antibodies demonstrated massive IgA and
IgG deposition in ballooned hepatocytes in SAH livers, while none of the hepatocytes were
stained with anti-human immunoglobulin antibodies in liver tissue sections from healthy
donors except for positive staining in some hepatic sinusoid cells (Figure 1B and C). To
further confirm the deposition of immunoglobulins in SAH livers, the presence of
immunoglobulins in liver tissue homogenates form SAH (n=7) or healthy donors (n=7) was
assessed by Western blot analysis and ELISA assays. Western blot analysis demonstrated that
the levels of IgA and IgG were dramatically increased in all SAH livers as compared with the
donor livers (Figure 1D and E). The IgM but not the IgE level was also significantly increased
in SAH livers. The increase of IgA, IgG and IgM levels in SAH liver tissue homogenates was
further confirmed by ELISA. IgA and IgG isotypes were major immunoglobulins in SAH
livers (Figure 1F). Further analysis of IgG subclasses demonstrated that the IgG subclass
levels - predominantly IgG1 — were significantly higher in SAH livers than that in healthy
donors (Figure 1G—figure supplement 1). On the basis of these findings, we performed IHC
staining for human IgG in SAH livers from 45 patients with liver transplantation and 10
donor livers in a clinical pathology lab at Johns Hopkins in a double- blind manner. The IgG+
hepatocytes in scanned slides of stained tissues sections were analyzed by using HALO™
Image Analysis Software. Positive cells were reported as percentage stained surface area of
total annotated area by digital analysis (figure supplement 1). Few IgG+ hepatocytes were
identified in donor livers. In contrast, on average ~40% of the hepatocytes (ranging from 4%
to 80%) were IgG positive in the SAH livers (Figure TH). These findings demonstrated the
deposition of immunoglobulin antibodies in ballooned hepatocytes in SAH livers.
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Figure 1.
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Figure supplement 1. Immunoglobulin deposition in alcoholic cirrhotic livers.

Immunoglobulin deposition is associated with activation
of complement in ballooned hepatocytes and
immunoglobulin extracted from SAH livers exhibits
hepatocyte killing efficacy in vitro

IgG, especially I1gG1, plays a critical role in the classical completement activation pathway. To
determine if immunoglobulin in ballooning hepatocytes induces activation of complement,
C3d and C4d were analyzed in SAH livers. IHC staining showed the presence of both C3d and
C4d in ballooning hepatocytes in SAH livers but not in the donor livers (Figure 2A and 2B).
Double staining for IgG and complement fragments C3d or C4d showed IgG co-stained with
C3d or C4d in ballooning hepatocytes (Figure 2C and 2D). These results indicated that IgG
deposition in hepatocytes was associated with activation of complement. Furthermore,
complement activation including the presence of C3d and C4d in SAH liver was confirmed by
Western blot analysis (Figure 2E and 2F). Finally, we asked whether antibodies (Ig) extracted
from SAH livers exhibit hepatocyte killing efficacy in an ADCC assay. Compared to isotype
control human Ig from healthy donors, no increased hepatocyte killing was observed when
PBMCs (effector cells) from healthy donors were added into cultured human hepatocytes
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(target cells) in the presence of serum Ig from SAH patients. However, the hepatocyte killing
efficacy was significantly increased when the same levels of Ig extracted from SAH livers
were added into the hepatocytes/PBMCs co-culture system (Figure 2G). These results
demonstrated that immunoglobulin antibodies deposited in hepatocytes of SAH livers could
induce activation of complement but more importantly, exhibited antibody-dependent
cellular cytotoxicity of hepatocytes. Therefore, deposition of immunoglobulin antibodies
may contribute to the hepatocyte ballooning degeneration and necrotic damage in SAH.

Figure 2.
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munoglobulin in ballooning hepato-
cytes induces activation of comple-
ment, complement fragments C3d
and C4d were analyzed in SAH livers.
(A-B) Immunohistochemistry stain-
ing showed the presence of both C3d
(A) and C4d (B) in ballooning hepato-
cytes in SAH livers but not in the
donor livers. (€C) Double staining for
IgG and complement fragments C3d
or C4d showed IgG co-stained with
C3d or C4d in ballooning hepato-
cytes. Representative tissue sections
from 7 samples per group. (E-F) C3d and C4d levels in SAH livers were quantified by Western blot analysis (n=7). g, Ig ex-
tracted from SAH livers but not serum exhibit hepatocyte killing efficacy in ADCC assay. Representative data from three
independent experiments.
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To further define the Ig and C4d deposition on the membrane of ballooned hepatocytes, we
performed multiplex analyses by co-staining liver tissue sections with multiple cell markers
for hepatocytes (Heppar1), Kupffer cells (CD68), hepatic sinusoid endothelial cells (CD32) and
hepatocyte membrane (B-catenin). Images of confocal microscopy showed the presence of
both IgG and IgA in hepatic sinusoid endothelial cells but not hepatocytes in the donor livers,
while the majority of ballooned hepatocytes co-stained with IgG and IgA in SAH livers (new
Figure 3A). Further, co-staining with B-catenin detected heavy IgG and IgA deposition on
hepatocyte membrane (Figure 3B). Interestingly, the IgG and IgA on hepatocyte membrane
were co-stained with C4d as well (Figure 3C).
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i \ To determine if Ig recognize cell sur-
R face antigens of ballooned hepato-
cytes, multiplex immunofluorescence

] ] staining was performed in liver tis-
’ ' sue sections. (A) Images of confocal
microscopy showed the presence of
B-catenin DAPI both IgG (red) and IgA (green) in bal-
) looning hepatocytes (blue) in SAH liv-
ers (lower panels), while only hepatic
sinusoid endothelial cells (CD32+,
purple) stained with IgG and IgA in
donor livers (upper panels). (B) Co-
staining with B-catenin (blue)
demonstrated IgG (red) and IgA
(green) deposition on membrane of
ballooning hepatocytes in SAH livers.

(€) Triple staining for IgG (red), IgA
(green) and C4d (blue) showed both

IgG and IgA co-stained with C4d on the surface of hepatocyte. Representative tissue sections from 6 samples per group.

Human proteome array-identified autoantigens were
recognized by immunoglobulins extracted from SAH livers

We used the human proteome microarray (HuProt), comprised of 21,240 individual purified
human proteins, to perform antibody profiling assays!>. Each liver specimen was treated to
release tissue-deposited immunoglobulins (Figure 4A). After neutralization, the extracted
antibodies from each liver sample were separately probed to the HuProt arrays, using
isotype- specific secondary antibodies to obtain the IgG, IgA, IgM, and IgE autoimmune
signatures of the same liver sample (Figure 4B). Many positive human proteins were
recognized by each of the four Ig isotypes in all five SAH samples. Each antibody profiling
assay was performed in duplicate and only those reproducible signals were scored. A
substantial fraction of autoantigens was shared by the antibodies in all five SAH livers,
regardless of the Ig isotype (Figure 4C—figure supplement 2). The total numbers of the
shared autoantigens recognized by the IgG, IgA, IgM, and IgE isotypes were 346, 319, 194,
and 10 (Suppl. Figure S2), respectively, suggesting that the shared autoantibodies of the IgG
and IgA isotypes were the most prevalent, while the counterparts of IgE isotype were the
scarcest. With tissues of five donor livers, the numbers of positive human proteins were
much lower (Figure 4C—figure supplement 3).
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Figure 4.

Human and E. coli proteome arrays identify a group of
unique antibodies in the SAH liver recognize both hu-
man and bacterial antigens. (A) Each liver tissue piece
was ground up and treated under low pH to release tis-
sue-deposited Ig. After neutralization, the extracted Ig
from each liver sample were separately probed to the
HuProt or E. coli protein arrays, followed by incubation
with the isotype-specific secondary antibodies to ob-
tain the Ig isotype immune signatures of the same liver
sample. (B) Representative images of HuProt arrays.
(C) Venn diagram analysis to identify shared autoanti-
gens of each liver disease. 346 autoantigens were
shared by the IgG antibodies in all five SAH livers (left
panel), 95 autoantigens were shared by the IgG anti-
bodies in all five HD livers (middle panel), and a large
fraction (i.e., 267 proteins) of the SAH-shared IgG au-
toantigens was not found in the HD livers (right panel),
suggesting existence of a SAH-specific autoimmune
signature. (D) A seven-way Venn diagram analysis
showed that 45 autoantigens were commonly recog-
nized by IgG isotype autoantibodies in liver tissue ho-
mogenates extracted from different liver diseases,
while 188 unique IgG autoantigens were recognized by
tissue homogenates from the SAH livers. (E)
Representative images of E. coli protein arrays. (F) Venn

diagram analysis to identify shared E. coli antigens recognized by each liver disease. 435 E. coli antigens were commonly
recognized by IgG antibodies in the five SAH livers (left panel), while only 1 £ coli antigen was commonly recognized by
IgG antibodies in the five HD livers (middle panel). 434 out of 435 E. coli antigens were uniquely recognized by IgG anti-
bodies in SAH livers but not HD livers (right panel). (G) A seven-way Venn diagram analysis showed that unique IgG bac-
terial antigens were only identified by using liver tissue homogenates from SAH or AC.

Figure supplement 2. Numbers of autoantibodies shared by all five SAH livers.

Figure supplement 3. Venn diagram analysis of all liver samples.

Figure supplement 4. Unique autoantigens recognized by Ig from diseased livers on the HuProt arrays.

Figure supplement 5. Venn diagram analysis of antigens identified on the E. coli proteome arrays.

Figure supplement 6. Unique bacterial antigens recognized by Ig from diseased livers on the E coli proteome arrays.

Although 95 shared IgG autoantigens were identified by the donor liver samples, 79 (83.2 %)
of them were also shared by the SAH livers (Figure 4C). More importantly, a large fraction
(i.e., 267 proteins) of the SAH-shared autoantigens were not found in the donor livers (Figure

40)

We applied the above approach to a group of five livers explanted from patients with AC,
ATH, PBC, NASH, HCV, and HBV-infection. SAH still exhibited the highest number of shared
IgG autoantigens, while HBV showed highest numbers of shared IgA and IgE autoantigens,
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and PBC showed the highest number of shared IgM autoantigens (figure supplement 3). The
numbers of shared IgG, IgA and IgM autoantigens were much higher in SAH livers (n=859) as
compared with AC (n=349), HBV (n=735), other liver diseases (n<428) or HD livers (n=448).
Although the shared IgE autoantigens were the lowest in all seven liver diseases, each
disease showed a distinct autoantibody signature (figure supplement 3).

We compared the shared autoantigens recognized by SAH immunoglobulins to their
counterparts from the other six liver diseases. By Venn diagram analysis 45, 41, 68 and 8
autoantigens were commonly recognized by IgG, IgA, IgM and IgE isotype autoantibodies in
liver tissue extracted from different liver diseases (figure supplement 4). 188 unique IgG
autoantigens, 45 unique IgA autoantigens and 7 unique IgM autoantigens were recognized
by tissue homogenates from the SAH livers, whereas the second highest in this category was
HBV livers in which 1 unique IgG autoantigen, 88 unique IgA autoantigens and 25 unique
IgM autoantigens were identified (Figure 4D— figure supplement 4). The third in this
category was PBC in which 7 unique IgG autoantigens, 2 unique IgA autoantigens and 81
unique IgM autoantigens were identified. The tissue homogenates from HCV livers
recognized 32 unique IgG autoantigens, 4 unique IgA autoantigens and 3 unique IgE
autoantigens, while only 4 unique IgA autoantigens were recognized by tissue homogenates
from AC livers (figure supplement 4), showing disease-distinct autoantibodies in diseased
livers regardless of their etiology. A large number of unique autoantigens were recognized
by Ig recovered from SAH livers (table supplement 1) indicating immunoglobulins
(especially IgG) deposited to the SAH livers (Figure T) might play an important role in
pathogenesis.

Immunoglobulins from SAH or AC livers recognize a unique
set of bacterial antigens

Antibodies secreted into the gut mostly target bacteria and bacterial products?.l.

Immunoglobulins deposited in SAH livers might be from the gut, and these
immunoglobulins may be antibodies targeting intestinal bacterial antigens. To test this, we
employed a bacterial proteome array, comprised of 4,256 purified E. coli proteins encoded by
a commensal strain K12, to do antibody profiling assays.® (Figure 4E). Using the same liver
tissues and approach described above, we obtained the immune signatures of the 40 livers

from 7 diseases and 5 HD in duplicate.

Many more bacterial than human antigens were recognized by immunoglobulins from
alcoholic livers (AC and SAH) compared with healthy donor livers (figure supplement 5). The
differences in shared bacterial antigens between alcoholic livers and healthy donor livers
were more pronounced across all four Ig isotypes. For instance, only one bacterial antigen
was commonly recognized by IgG antibodies from HD livers, but 435 shared bacterial
antigens (about 10.2% of 4,256 purified E. coli proteins) were recognized by IgG antibodies in
the five SAH livers (Figure 4F), and 466 shared bacterial antigens were recognized by IgG
antibodies in the five AC livers (figure supplement 5). The numbers of the commonly shared
bacterial antigens identified by the IgG antibodies extracted from the other five liver
diseases were much lower, ranging from 7 to 63 (figure supplement 5). In addition, the
numbers of IgA, IgM or IgE recognized bacterial antigens by liver tissue homogenates from
SAH or AC were much higher than that in other liver diseases, except PBC showing a higher
number of IgM antigens than AC (figure supplement 5). This observation suggests that
chronic or acute alcoholic liver disease is associated with specific antibacterial antibody
signatures.

Alarge number of shared bacterial antigens were recognized by liver tissue homogenates
from each liver disease. We found that 1, 6, 24 and 5 E. coli antigens were commonly
recognized by IgG, IgA, IgM and IgE isotype antibodies in liver tissue homogenates extracted
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from different liver diseases (Figure 4F—figure supplement 6). Unique IgG or IgA bacterial
antigens were only identified by using liver tissue from SAH or AC (Figure 4G—figure
supplement 6). More unique bacterial antigens were recognized by the SAH than AC IgA (110
vs. 54), IsM (54 vs. 1) and IgE (45 vs. 1), but less so by the SAH IgG (53 vs. 83) (table
supplement 2). Notably, 69 unique IgM bacterial antigens were recognized by PBC liver
tissue. Common anti-E. coli protein antibodies are present in diseased livers regardless of
etiology, but unique anti-E. coli IgG and IgA antibodies exist only in alcoholic livers
predominantly in SAH.

Immunoglobulins with anti-E. coli antigen specificities in
SAH livers recognize human antigens

The prevalent anti-bacterial immunoactivity of the immunoglobulins in SAH livers suggested
that immunoglobulins deposited in SAH livers might be derived from leaky gut and these
anti- bacterial antibodies cross-react with human liver proteins. We used proteins from E.
coli (strain K12) immobilized on magnetic beads to capture immunoglobulins pooled from
the SAH livers (Figure 5A) (E. coli captured-Ig) which were then released and incubated on
the HuProt arrays to determine whether these bacterium-recognizing antibodies could also
cross-react with human proteins (examples shown in Figure 5B). At a stringent cutoff value
(e.g., S.D.=10) 694, 796, 451 and 42 human proteins were reproducibly identified by E. coli
protein captured IgG, IgA, IgM and IgE antibodies from the five SAH livers, respectively
(Figure 5C and antibody recognized protein sets in table supplement 3). Strikingly, many of
these E. coli binding Ig recognized proteins (74.06%, 76.46%, 48.39% and 49.41%
respectively) were also found to be the autoantigens recognized by immunoglobulins
recovered directly from the five SAH livers.

E. coli

P-value=0

COPS78B

P-value=0 P-value =0 P-value = 2.04e-77

Liver antibodies

‘Hlllly

Figure 5.

HuProt arrays

Eluted | E. coli antigens-captured Immunoglobulins from SAH
. antiodies AT livers recognize human protein antigens. (A) To deter-
mine if anti-bacterial antibodies cross-react with hu-
man proteins in the liver, total proteins from E coli
(strain K12) were extracted and immobilized on NHS-
activated magnetic beads to capture immunoglobulins
S100A7L2 BAGALT3 PDS5B pooled from the five SAH livers. E coli protein-captured
antibodies (E coli-1g) were then released and incubat-
ed on the HuProt arrays. (B) Representative images of
E coli-Ig on HuProt arrays. (C) 771, 1041, 932 and 85

a-1gG a-lgA a-lgM o-IgE human proteins were reproducibly identified by E coli
protein captured IgG, IgA, IgM and IgE antibodies
’ . . . from the five SAH livers. Venn diagram analysis
showed many of these proteins (621/771, 796/1041,

451/932 and 42/95 respectively) were also found to be

the autoantigens recognized by immunoglobulins re-
covered directly from the five SAH livers.

These results demonstrated that there exist a large number of cross-reacting antibodies that
recognize both bacterial and human proteins in the SAH livers.
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Gene ontology (GO) enrichment analysis of proteome
arrays identified autoantigen enriched unique common
cellular components recognized by both Ig and E. coli-

captured Ig in SAH livers

To determine if autoantigens recognized by Ig from diseased livers were specifically
presented in cellular components, we performed GO enrichment analysis on antibody
recognized protein sets. Proteins recognized by IgG antibodies from SAH livers were
significantly over-represented in 8 cellular components including cytosol, cytoplasm,
nucleus, mitochondrion, focal adhesion extracellular exosome, mitochondrial
intermembrane space and ruffle membrane, while autoantigens recognized by IgA
antibodies from SAH livers were over-represented in cytosol and cytoplasm (Figure 6A—
table supplement 5). These proteins are involved in a number of biological processes
including nucleobase-containing small molecule interconversion, protein phosphorylation,
signal transduction, regulation of cell proliferation, mitochondrial ribosome reassembly and
mitochondrion organization (Figure 6B and C). With the exception that cellular components
were identified by IgM antibodies from PBC livers (table supplement 5), no cellular
component was recognized by Ig from other diseased livers. Interestingly, E. coli-captured
IgG and IgA from SAH livers recognized 5 out of 8 cellular components which were
recognized by Ig directly extracted from SAH livers (Figure 6D). This was observed only in
SAH livers (table supplement 4). These results further demonstrated the presence of unique
cross-reacting anti-E. coli autoantibodies in the SAH livers.

Cellular components recognized by Ig from SAH livers (observed vs expected )

A
Antigen | Cytosol |Cytoplasm Mitochondrion| Focal | Extracellular| Mitochondrial Ruffle
enriched adhesion | exosome | intermembrane | membrane
cellular space
component

IS P<0.0001 P<0.0001 P<0.0001 P<0 05 P<0 05 P< 0 05

-m P<0.05  P<0.05  ns

B 1gG recognized unique autoantigens: biological process

Vcechase- ortaining smal mol
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IgA recognized unique autoantigens: biological process

:
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|
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Figure 6.

Gene ontology (GO) enrichment analysis of
proteome arrays identifies autoantigen en-
riched common cellular components recog-
nized by both Ig and E. coli captured Ig in SAH
livers. (A) Cellular components recognized by
IgG and IgA antibodies in SAH livers. (B-C)
Biological processes are involved by IgG au-
toantigens (B) and IgA autoantigens (C). (D)
Common cellular components recognized by
both Ig and E. coli antigens captured Ig in SAH
livers.
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The infiltration of B and plasma cells in SAH livers is
associated with increased immunoglobulin gene
expression

Alcohol-derived leaky gut may promote translocation of gut bacterial products and Peyer’s
patches IgA-secreting plasma cells to the liver!2. To determine if the migration of bacteria
and/or bacterial products from the bowel to liver occurred in SAH, we performed
immunohistochemistry staining for the gram-negative bacterial (E. coli) product livers. Both
LPS and LTA were in liver tissue from SAH patients cf. controls (Figure 7A), especially in the
inflammatory areas. The increase of LPS levels in SAH liver tissues was confirmed by using

Pierce™ Chromogenic Endotoxin Quant Kit (Figure 7B).
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Increased bacterial antigens, B and plasma cell infiltration
and immunoglobulin gene expression in SAH livers. (A)
Immunohistochemistry staining for the gram-negative
bacterial product lipopolysaccharides (LPS) and gram-pos-
itive bacteria antigen lipoteichoic acid (LTA) in SAH livers.
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the inflammatory areas. Representative tissue sections
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Immunohistochemistry staining for CD20+ and CD138+ cells revealed that most of these cells
were localized in the inflammatory areas of SAH livers, with none in HD livers (Figure 7C).
These results suggest that increased gut bacterial antigens in the SAH liver are associated
with increased B cells and plasma cells.

Based on our findings that immunoglobulins extracted from SAH livers but not present in
the serum exhibited hepatocyte killing efficacy (Figure 2G), we suspected that
immunoglobulin antibodies deposited in hepatocytes might not be produced systemically
but by plasma cells infiltrating the liver. To determine if infiltration of B and plasma cells in
the SAH liver is associated with expression of genes coding for certain immunoglobulins or
fragments of immunoglobulins, we analyzed RNA seq data generated from SAH and healthy
donor livers (GEO GSE143318). Specifically, we examined whether genes coding for
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immunoglobulins or fragments of specific immunoglobulins are upregulated in SAH liver
samples relative to donor liver samples. We identified 175 genes coding for
immunoglobulins or fragments of immunoglobulins and compared their expression levels
between SAH and control samples.

Interestingly, 87 identified genes representing immunoglobulin fragments showed a robust
and stable expression in SAH livers but not in healthy donor livers (Figure 7D). These results
suggest that infiltrating B and plasma cells secrete immunoglobulins that not only have anti-
intestinal antigen activity but also cross-react with hepatocyte antigens.

Discussion

Using explanted livers from SAH patients, we discovered massive antibody deposition in
ballooned hepatocytes which is associated with complement activation. Antibodies from the
SAH liver but not patient serum exhibited hepatocyte killing efficacy in vitro. Unique
antibodies found in the SAH liver not only recognize bacterial (E. coli) antigens but also
cross-react with a large number of human antigens. Our data support the hypothesis that
anti-bacterial antibodies and/or plasma cells originating from gut translocate to the liver due
to gut leakiness caused by excessive alcohol drinking and that these hepatic plasma cells
produce antibodies which not only recognize intestinal bacterial antigens but also cross
react with antigens of human hepatocytes (Figure 6E). Antibody deposition, with
complement activation as well as immune cell activation, may result in acute liver failure
due to antibody-mediated inflammation.

Leaky gut, also known as increased intestinal permeability, is a digestive condition in which
bacteria and toxins are able to pass from the gastrointestinal tract to extraintestinal sites
and facilitate an increased ingress of inflammatory cytokines and endotoxin to the liver22.
Unique anti-E. coli IgG or IgA antibodies are identified in alcoholic livers, but not other liver
diseases (table supplement 2) suggesting the impact of excessive alcohol drinking on
translocation of anti-bacterial antibodies to the liver. Interestingly, few anti-bacterial
antibodies in AC livers cross-reacted with human antigens (figure supplement 4), while a
large number of anti- bacterial antibodies in SAH livers also recognized human antigens.
The differing gut microbiota between actively drinking patients with cirrhosis and those
with alcoholic hepatitis?>2%22 supports the notion that alcohol-induced changes of gut
microbiota composition may contribute to the development of anti-bacterial antibodies that
cross-reacted with human antigens. SAH is an acute-on-chronic liver failure. Cross-reacting
anti-bacterial autoantibodies translocated to the liver may determine the progress from

chronic liver disease toward acute hepatitis.

Coincidentally, we found a significant number of unique IgA autoantibodies in HBV and
unique IgG autoantibodies in HCV livers (table supplement 1) suggesting these IgA or IgG
autoantibodies deposited in the liver might be derived from systemic autoimmune process
which is ongoing in HBV or HCV infected patients2% 2/, Previous studies have clearly
established the co-occurrence of certain autoantibodies in patients with chronic HBV or HCV
infection and the autoantibody positivity was common in HBV and HCV patients. A strong
association between increasing serum IgA level and disease progressing in patients with
chronic HBV infection has been reported.%?. Similarly, serum IgG was increased in patients
with chronic hepatitis C with respect to both alcoholics and healthy controls?’. No unique
anti-E. coli protein IgA or IgG antibody was identified in HBV or HCV livers, indicating

autoantibody production was related to the virus rather than bacterial infection.

The presence of cross-reacting IgM antibodies against E. coli and human antigens in the PBC

livers is worth noting. Current data suggest that PBC is an autoimmune disease?% 22 and an
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infectious etiology as trigger for development of PBC has been postulated. Antibodies
reacting against the mitochondrial human pyruvate dehydrogenase complex which are the
serologic hallmark of PBC cross react with the E. coli pyruvate dehydrogenase complex,
implicating E. coli infection in the pathogenesis of PBC3C. Interestingly, patients with PBC had
a much higher number of inducible IgM-producing B-cells in peripheral blood and each B-
cell produced a greater quantity of IgM protein compared with control<=. A large number of
unique human and E. coli antigens were recognized specifically by IgM from the PBC livers,

supporting the theory of bacterial infection-related IgM production in pathogenesis of PBC.

Our findings suggest that SAH may be an antibody-mediated disease due to intrahepatic
etiology. Unlike antibody mediated autoimmune disease where systemic B cells produce
autoantibodies against self-antigens and unlike the fact that autoimmune diseases can be
transferred from an affected patient to a normal individual by the transfer of patient-
derived serum (or immunoglobulins), serum from SAH patients did not show hepatocyte
killing efficacy in vitro. Importantly, no antibody-mediated rejection was observed in SAH
patients following liver transplantation'?. It is perhaps more likely that gut-derived plasma
cells were resident in SAH livers, and these plasma cells produce anti-bacteria antibodies
which strongly cross-react with hepatocyte antigens. The diseased liver absorbs these gut-
derived and locally produced antibodies without releasing them to the circulation. With the
functional deposition of antibodies in the SAH liver (Figure 2), activation of complement
through the classical pathway which has been reported previously>! leads to ballooning
degeneration of hepatocytes which is the predominant mode of injury in alcoholic hepatitis
and untreatable inflammation. When antibody is deposited, it may also impair a number of
important biological process in hepatocytes (Figure 6). This pathophysiology implies severe
damage from short-lived leaky gut due to a transient interval of high alcohol intake with
ongoing residual continued damage due to the antibody production that continues only
within the liver to be replaced. Therefore, it is reassuring that the new transplanted liver
will not be damaged because the pathogenesis, involving the consequences of leaky gut
pathology, will end quickly as long as the recipient remains abstinent, by which the new
liver is not threatened by the SAH process.

The main limitations of the present study are the limited sample size, the lack of whole gut
bacterial-proteome microarrays and the lack of animal models of severe alcoholic hepatitis.
Nevertheless, identifying the presence of anti-bacterial autoantibodies in SAH livers
provides a new insight into pathogenesis of SAH. Future studies utilizing needle biopsy
samples from mild and moderate alcoholic hepatitis patients could assess infiltration of B
and plasma cells and a likely correlation between antibody deposition and severity of
hepatitis. For example, infiltration of plasma cells and antibody deposition may predict the
progression toward SAH.

This may be a new therapeutic strategy in alcoholic hepatitis patients. First, preventing gut
leakiness caused by alcohol drinking may prevent SAH. Second, eliminating antibody
producing B/plasma cells in the liver by using anti-CD20 may serve. Finally, a trial using
complement inhibitors such as Eculizumab may be worth considering.

Methods

Collection of liver tissue samples

Explanted liver tissues and blood were collected from patients with SAH or AC who were
referred for liver transplantation at Johns Hopkins hospital--. Explanted liver tissues from
patients with other liver diseases were obtained from the Liver Tissue Procurement and
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Distribution System at the University of Minnesota, which was funded by NIH Contract#
HHSN276201200017C. All studies were approved by the Johns Hopkins Medicine
Institutional Review Boards (IRB00107893).

Immunohistochemistry

Cut sections were prepared from formalin-fixed paraffin embedded liver tissues for staining
with IgG (ab200699), IgA (ab200699 or GTX20770), C4d (ab167093), C3d (ab136916), CD20
(Dako, Santa Clara, CA), CD138 (Abcam, Cambridge, MA), E. coli LPS (Abcam, Cambridge,
MA), LTA (Thermo Fisher, Waltham, MA). Vectastain Elite ABC Staining Kit and DAB
Peroxidase Substrate Kit (Vector Laboratories, Burlingame, CA) were used to visualize the
staining according to the manufacturer’s instructions. Diaminobenzidine
tetrahydrocholoride and blue alkaline phosphatase (Vector Laboratories) were used as
brown and blue chromogen and hematoxylin as nuclear counterstaining. Echo Revolve
microscope (Echo Laboratories Inc) was used for taking image pictures.

Elisa

Liver protein lysates used for this assay contained similar concentrations of protein. Each
SAH and donor liver sample were added on a precoated ELISA plate (Thermofisher
Scientific, Waltham, MA) to determine the total IgG (BMS2091), IgA (BMS2096), IgM
(BMS2098) and IgG subclasses (991000).

Isolation of Peripheral Blood Mononuclear Cells (PBMCs)

PBMCs were isolated from heparinized peripheral blood samples from healthy volunteers
using Ficoll-Paque plus density gradient medium.

Antibody-dependent cell-mediated cytotoxicity (ADCC)
assay

ADCC was determined by a calcein-acetyoxymethyl release assay (calcein-AM, C3100MP,
Thermofisher Scientific). Calcein-AM labeled primary human hepatocytes were cultured
with Ig from SAH livers, patient serum or human IgG isotype control in a 96 well plate at a
density of 1x10% cells per well in triplicate and PBMCs were added as effector cells at an
effector: target cell ratio of 5:1 respectively. Antibody-independent cell mediated cytotoxicity
(AICC) was measured in wells containing target and effector cells without the addition of AH
or control IgG antibodies. The following formula was used to calculate ADCC: % ADCC= 100 x
(mean experimental release -mean AICC) + (mean maximum release — mean spontaneous
release).

Western blot analysis

Fifty-milligram liver tissues from SAH or the controls were homogenized in the lysis buffer
(Cell Signaling Technology, MA). The total protein concentrations of each liver samples were
determine using a standard curve generated with BSA at different known concentration
using the Quick Start™ Bradford Protein Assay (Bio-Rad, U.S.A.). On the basis of the measure
protein cencetrions, 25 micrograms of total proteins of each liver sample were boiled in
NuPAGE LDS Sample Buffer (Thermofisher, MA) and subjected to electrophoresis in a 4-12 %
Bis-Tris gradient PEG gel (Thermofisher, MA). All samples were tested in several parallel
gels. One gel was stained with SimplyBlue™ SafeStain according to the product manual
(Thermofisher, MA), and the other one was subjected to the western blot assay using the
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Trans-Blot Turbo RTA Midi 0.45 um LF PVDF Transfer Kit (Bio-Rad Laboratories, CA). After
transferring the total proteins to the PVDF membrane, the membranes were incubated with
the IRDye labeled human immunoglobulin antibodies specific recognizing IgG, IgM, IgA, and
IgE, or mouse monoclonal antibodies against human C3d (Bio-Rad Laboratories, CA) and C4d
(Santa Cruz, CA) respectively, followed by probing with Alexa 647 labeled Goat anti-Mouse
IgG (H+L) (Thermofisher, MA). After scanning with Odyssey CLx Imaging System, the signals
were calculated by the corresponding software and then analyzed by Excel.

Multiplex immunofluorescence staining

Sequential multiplex immunofluorescence staining on formalin-fixed, paraffin-embedded
liver sections was performed, as previously described32. Images were acquired on a Zeiss
LSM 900 confocal microscope. Acquired images were processed and analyzed using FI]I?’B.
The following antibodies were used: HepPar1 (Catalog NBP2-45272, Novus), CD68 (Catalog
MO0876, Dako), CD32 (Catalog 53151, Cell Signaling Technology), IgG (109-005-088, Jackson
ImmunoResearch), IgA (Catalog ab124716, Abcam), B-catenin (Catalog 610154, BD
Biosceinces), C4d (Catalog BI- RC4D, BIOMEDICA).

Antibody extraction and protein microarray analysis

The liver tissues were subjected to a Dounce homogenizer in a lysis buffer (0.1 M Glycine pH
2.0, 150 mM Nac(l) to elute the binding antibodies (Ig). After a five-minute spin down with
20,000 g at 4°C, the supernatants were transferred to new 15ml tubes and neutralized with
1M Tris-base buffer to pH 7.0 immediately. Then, the antibody enrichment was performed
using Protein L coupled magnetic beads (Thermofisher, MA) according to the manual. The
antibodies extracted from 4.8-gram liver tissue pieces were subjected to the protein
microarray assays using human proteome microarray HuProt® array and E. coli strain K-12

bacterial proteome microarray respectively to screen their corresponding antigens'> 18,

Data analysis including the criteria for positive hits was performed as before!2: 18,

Identification of cross-reactive antibodies against human
and bacterial proteins

The total lysates of E. coli were immobilized on the magnetic beads using the kit of Pierce
NHS- Activated Magnetic Beads according to the product manual (ThermoFisher, MA). Then,
these E. coli protein magnetic beads were incubated with the extracted total autoantibodies
from liver samples to capture the active antibodies. After eluting with Glycine pH 2.0, the
eluted antibodies were neutralized with 1 M tris-base buffer to pH 7.0 immediately. Finally,
these antibodies were subjected to the human proteome microarray.

RNA-sequencing and data processing

The total RNA was isolated using Qiagen RNeasy®© kit. After the RNA quality was assessed by
capillary electrophoresis (bioanalyzer), cDNA libraries were prepared using TruSeq© RNA
Library Prep Kit and sequenced with an Illumina NextSeq500. Base-calling and fastq
conversion was performed using RTA (2.4.11) and Bcl2fastq (2.18.0.12), respectively. Raw
sequencing files were uploaded to the NIH GEO database.

Adaptor sequences were trimmed from the raw reads using Cutadapt’”. Trimmed reads

were then mapped to reference genome GRCh38 using STAR aligner with default
parameters’. The number of counts per gene was estimated using the “quantMode”

command in STAR. Batch effect was corrected using Combat seq. Differentially expressed

Ali Reza Ahmadi et al., 2023. eLife https://doi.org/10.7554/eLife.86678.1 15 of 45


https://elifesciences.org/
https://doi.org/10.7554/eLife.86678.1

v eLife

fold change > 1 were chosen as DEGs.

Gene Ontology (GO) analysis

components and biological process). All enriched terms were chosen with a threshold p-
value of 0.05.

Data availability

External data requests can be directed to the corresponding authors, who will respond
within 1 week and help facilitate the request. Access to clinical datasets will be available
based on approval through the IRBs of the Johns Hopkins University and might be subject to
patient privacy.
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Additional files

Figure supplements 1-6

Digital analysis of IgG+ hepatocytes

No Markup

Negative Markup Positive Markup

Figure S1.

HALO image analysis of IgG positive hepatocytes in severe alcoholic hepatitis livers.
Representative images of liver tissue sections stained with anti-human IgG antibody. Positive
cells were reported as percentage stained surface area of total annotated area by digital
analysis (Hallo, Indicalabs, Corrales, NM).

Figure S2.

Venn diagram analysis of autoantigens recognized by antibodies extracted from the five SAH
liver tissues. After individual elution of antibodies from the five SAH liver tissues (i.e., SAH1-5),
they were individually profiled on the HuProt arrays. The identified autoantigens were
grouped on the basis of anti-IgG, -IgA, -IgM, and -IgE isotypes, and the shared and unique au-
toantigens were analyzed using the Venn diagram analysis. As illustrated in each isotype pan-
el, the shared autoantigens recognized by the anti-IgG, -IgA, -IgM, and -IgE antibodies among
the five SAH samples are 346, 319, 194, and 10, respectively.
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HuProt IgE

Figure S3.

Summary of the Venn diagram analysis of autoantigens recognized by antibodies extracted
from the five donor, five AC, five AIH, five HBV, five HCV, five NASH, five PBC, and five SAH liver
tissues. Using the same approach as described in Figure S2, the shared and disease-specific
autoantibodies were identified. The Ig isotypes are designated in each roll of the Venn dia-
grams, and the tissue types are shown on the top of each column of the Venn diagrams.

Figure S4.

A seven-member Venn diagram analysis of the shared autoantigens recognized by antibodies
extracted from the diseased liver tissues. The shared autoantigens identified by the antibod-
ies extracted from the seven diseased liver tissues were subjected to a seven-member Venn
diagram analysis. The Ig isotypes are shown on the top of each Venn diagram.
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Figure S5.

Summary of the Venn diagram analysis of bacterial antigens recognized by human antibodies

extracted from the five donor, five AC, five AIH, five HBV, five HCV, five NASH, five PBC, and five
SAH liver tissues. Using the same approach as described in Figure S1, the shared and disease-

specific antibodies were identified. The Ig isotypes are designated in each roll of the Venn dia-
grams, and the tissue types are shown on the top of each column of the Venn diagrams.

Figure S6.

Venn diagram analysis of the shared bacterial antigens recognized by human antibodies ex-
tracted from the diseased liver tissues. The shared bacterial antigens identified by the anti-
bodies extracted from the seven diseased liver tissues were subjected to a seven-member
Venn diagram analysis. The Ig isotypes are shown on the top of each Venn diagram.
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Table supplements 1-5

Table S1.

The numbers of unique autoantigens recognized by antibodies extracted from the diseased
liver tissues (HuProt arrays).

IgG-binding IgA-binding igM-binding IgE-binding Total

240
AC 4
HBV 119
HCV 39

~
8

5
= =
[¢’] (o)
wn
N

o o

= N

The numbers of unique E coli antigens recognized by antibodies extracted from the diseased
liver tissues (E coli proteome arrays).

IgG-binding IgA-binding IgM-binding IgE-binding
45 262

53 110 54
AC 83 54 1 1 139
HBV 1 6 7
HCV 9 9
69 69
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Table S3.

Human protein (autoantigen) sets recognized by both Ig and E. coli-captured Ig from SAH

livers
IgA 18G IgM IgE
ACER2 AAMP AQjns7 BCS1L
ACRC AAR2 AAK1 Clorfo4
ACSL6 AARSD1 ABI1 CCR7
ACSS1 ABI1 ABTB1 CELF6
ADA ABR ACCS coQ7
ADH5 ABTB1 ACER2 CRYZ
AGTR1 ACER2 ACOT7 DAZ2
AK4 ACRC ACRC DDAH1
AK6 ACSL6 ACSBG1 DECR2
AKAPSL ADH5 AFM DNAIB2
ALKBH2 AGTR1 AFMID EGFR
AMD1 AHCY AGTR1 ELAVLA
ANAPC15 AHNAK2 AK094777.1_frag F2
ANKHD1 AK6 AK2 FAM109B
ANKRD17 AKAPSL AK4 FAM49B
ANKRD28 ALPP ANAPC15 FTL
ANP32A AMBN ANKHD1 HERPUD1
AP1G1 ANAPC15 ANKRD1 HMBS
AP3B1 ANKHD1 ANP32A KCNAB1
APIP ANKRD17 AP1B1 KCNAB2
APMAP ANP32A APIP KRTAP4-4
APOBEC2 ANXA10 APOBEC2 LOR
APOH AOC2 APOC3 MECR
AQP5 AP1G1 APOC4 MTHFD1
ARHGAP1 AP3B1 APOH NME2
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ARHGAP4
ARHGEF3
ARHGEF39
ARMC9
ARPC4
ASB17
ASPHD2
ASTL
ATAD2
ATCAY
ATG10
ATG13
ATP5B
ATP5E
ATP6EV1C1
ATXN3
B3GALT6
BA4GALT3
BABAM1
BACH1
BC071784 frag
BC096236_frag
BCS1L
BDH2
BEGAIN
Bhlhe22
BIN1
BOLA3
BORA
BRAT1
BRDT
BT006925
BZW?2
Cllorfl
C12orf10
C120rf60
Cl4orfle6
C150rf4l
Cl60rf58
Cl6orf62
Cl160rf70
C170rf80
C180rf23_frag
Clorf112
Clorf43
Clorfo4
C1QBP
ciqQL1

APMAP
APOBEC2

APOH

APPL2

ARHGAP1
ARHGAP4
ARHGEF3
ARHGEF4
ARMC9

ARPC4

ASCL4

ASRGL1

ASTL

ATCAY

ATF2

ATG10

ATP12A
ATP8B5P_frag
ATXN3

B3GALT6

BAFF

BC031259.1 frag
BC034142.1_frag
BC054893.1_frag
BC070352.1 frag
BC071784_frag
BC073937.1_frag
BC089413
BC089418
BC096236_frag
BCS1L

BEGAIN

Bhlhe22

BIN1

BOLL

BORA

BRAT1

BRDT

BZW2

C10orf62
Cl2orf10
C12orf60
Cl4orf166
C170rf80
Clorfl12
Clorfo4

C1QaBP

ciqQL1

APOL2
ARAF
ARF6
ARL17A_frag
ARL4D
ARL8B
ARMC9
ASB17
ATCAY
ATG13
ATIC
ATRIP
BABAM1
BACH1
BC002963
BC073758
BC073767
BC089412.1 frag
BCAR3
BCAS2
BCS1L
BEGAIN
BID

BMP7
BMX
BRAT1
BZW2
Cllorfl
C12orf60
Cl6orf62
C17orf62
Clorf112
Clorf43
Clorfo4
C1QBP
C2orf27A
C4orf19
C5o0rf24
C8orf59
C9orfl6
CAMK4
CAMKK?2
CAPN6
CAPS
Carml
CASS4
CCDC127
CCDC9

NME4
PLA2G6
PRLHR
PRRC2B
QDPR

QKl
RABL2B
RBM38
RBMY1A1
RUNDC3B
SOHLH2
SSBP1
TAF9B
VWAS
YBX3
ZADH2
ZNF358
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ciqQL3
C1RL
C4orf19
C4orf22
C5o0rf24
C6orf182
C8orf59
CALR
CAMK1G
CAMK4
CAPN6
CARD9
CASD1
CASK
CASQ2
CASS4
CAT
CCDC106
CCDC14
CCDC40
CCDC9
CCDC97
CcCL21
CCNA1
CCND3
CCNDBP1
CCR5
CD209
CD2BP2
CD44
CD52
CDC23
CDC42BPA
CDCA7L
CDCP1
CDCP2
CDH12
CDH13
CDK9
CDKN1A
CDKN2B
CDKN2D
CDO1
CDR2L
CEACAM21
CENPB
CENPC
CENPH

ciQLs3
C1QTNF2
C1RL
C4orf19
C4orf22
Coorf182
C8orf59
CACNG6
CAMK1G
CAMK4
CASK
CASQ1
CASQ2
CASS4
CCDC106
CCDC137
CCDC178
CCDC28A
CCDC9
CCDC97
CCNA1
CCNDBP1
CCR5
CD209
CD44
CcDC27
CDC42BPA
CDCA7L
CDCP2
CDH12
CDH13
CDKN2B
CENPB
CENPH
CFHR5
CHRNA1
CKM
CLEC7A
CLLU10S
CLP1
CLPB
CLUAP1
CcMC4a
CNNM1
CNOT10
CNST
COL26A1
COL4A3BP

CCDC97
CCND2
CD44
CD52
CcDC23
CDCP1
CDK9
CDKN1A
CDKN2B
CDKN2D
CEACAM21
CENPU
CHCHDA4
CHKB
CHMP1A
CKB
CKM
CKS2
CLDN1
CLEC4E
CLUAP1
cMC4
CMPK1
CNNM1
CNST
COL4A3BP
COX18
CPA2
CPOX
CPTP_frag
CRELD1
CSNK1E
CSNK2B
CUTA
CX3CR1
CYB5D2
CYP4F11
DAAM1
DAB1
DAZ2
DBN1
DCAF8
DCTN3
DDC
DEFB112
DERL2
DMP1
DMRT2
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CENPM
CENPT
CENPU
CEP112
CFHR5
CFP
CHCHD4
CHMP4B
CHRNA1
CKB

CKM
CLEC2D
CLEC4E
CLEC7A
CLLU10OS
CLP1
CLPB
CLUAP1
CMPK1
CNNM1
CNOT10
CNST
COBLL1
COL26A1
COL4A3BP
COL5A2
COLEC10
comp
coMT
COPS7B
COPS8
coQ7
COx4i1
CPSF4
CREB1
CREB3L3
CRIP2
CRLF2
CRYBB3
CSH1
CSNK2B
CT45A1
CT45A3
CTCFL
CTRL
CTTN
CUTA
CWC27_frag

COmP
comMT
COPS8
coQ7
COX18
CPSF3
CPSF4
CREB3L3
CREBZF
CRLF2
CRNN
CSNK2B
CTCFL
CTTN
CUTA
CYB561A3
CYP2E1
CYP4F11
DAAM1
DAPP1
DBN1
DBP
DCAF8
DCK
DEFB112
DEFB129
DEFB131
DEFB132
DENND5A
DGKG
DHRS2
DHX32
DIXDC1
DMGDH
DMP1
DMRT2
DMRT3
DMRTB1
DMTF1
DNAJA4
DNAIJBS
DNAJC11
DNAIJC6
DPP3
DRAP1
DRC7
DRICH1
DTNBP1

DPY30
DRICH1
DTD1
DTNBP1
DUSP6
EAF1
ECHDC1
EEF1G
EEF2
EEF2K
EGFR
EIF2B5
EIF3L
ENOPH1
EPHAS8
ERBB3
ERICH2
ERP27
ESM1
ETHE1
EXTL3

F2
FAM129A
FAM131B
FAM131C
FAM134C
FAM21A
FAM45A
FAMB84A
FAS

FAU
FBXO2
FGF12
FGF20
FGFBP1
FGGY
FIGNL2
FKBP7
FOLR2
FRMDS8
FTL
GALK2
GAP43
GCHFR
GCK
GIMAP2
GIT2
GLUL

Ali Reza Ahmadi et al., 2023. eLife https://doi.org/10.7554/eLife.86678.1

24 of 45


https://elifesciences.org/
https://doi.org/10.7554/eLife.86678.1

v eLife

CYP20A1
CYP4F11
DAAM1
DAPP1
DBN1
DBP
DCAF8
DCK
DCTN3
DEF6_frag
DEFB112
DEFB129
DEFB136
DFFA
DGKG
DGUOK
DHRS2
DHX32
DIABLO
DMGDH
DMP1
DMRT2
DNAJA3
DNAJA4
DNAIJC30
DPY19L3
DRAP1
DRC7
DRICH1
DTNBP1
DUSP22_frag
DUSP6
ECHDC3
ECHS1
ECI1
ECSIT
EDEM2
EEF1D
EEF1DP3
EEF2K
EGFR
EIF2B5
EIF3L
ELAVL3
ELMO1
ELP5
EMD
ENOPH1

DUB3
DUSP22_frag
E2f5
ECE1
ECHDC3
ECI1
ECSIT
EEF1DP3
EEF2K
EFCAB13
EGFR
EIF2AK4
EIF2B5
EIF3L
ELMO1
ELP5
EMD
ENOPH1
EPHA8
EPO
ERCC8
ERICH2
ERP27
ESM1
ESRRG
EXOSC7
F8A1
FAF1
FAM117B_frag
FAM120B
FAM124B
FAM129A
FAM131B
FAM131C
FAM13A
FAM21A
FAM29A
FAMA45A
FAM9B
FAMOC
FAS
FBXO2
FCGR2A
FCHO1
FCHSD2
FEM1B
FEZF2
FGF12

GNPDA1
GRPEL2
GSK3B
GTF2I
GTPBP3
GTPBP8
GTSF1
GUK1
HAX1
HCLS1
HEATR3
HIATL1
HK2
HKDC1_frag
HMBS
HPR
HRAS
HRC
HSCB
HTRA4
IDI1
IFFO1
IFI35
IFIT3
IFT22

IGK

IGL

IKBKB
IL32
IP6K1
IRF2BP1
ITGB1BP2
ITIHS
JMID6
KCNAB1
KCNAB2
KCNIP3
KEAP1
KHK
KIAAO513
KJ898030
KJ901215
KJ901255_frag
KJ901517
KJ901885
KJ902696
KJ904347 _frag
KJ905802
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EPHA8
EPO
EPS8L2
ERBB3
ERICH2
ERP27
ESM1
ESRRG
EXOSC7
EXTL3

F2

F8A1
FAM104B
FAM114A1
FAM120B
FAM131B
FAM131C
FAM13A
FAM156A
FAM21A
FAM29A
FAMA45A
FAMO9B
FAMOC
FAS

FAU
FBXO2
FBXO21
FBXO38
FCHO1
FEM1B
FEZF2
FGF12
FGF20
FGFBP3
FIGNL2
FN3K
FOLR2
FPR3
FSBP
FUCA2
FXYD5
G6PD
GAB1
GABPB1
GAR1
GATSL2
GCDH

FGF20
FIGNL2
FOLR2
FOXRED2
FSBP
G6PD
GAB1
GAR1
GARS
GATSL2
GCDH
GCK
GDAP1L1
GDPD5
GGH
GHRH
GLB1
GLI1
GNA11
GORASP1
GP1BB
GPM6B
GPN1
GPT
GRK7
GSN
GSTA2
GSTM4
GTF2I
GTSF1
GUCY2F
HACE1
HAX1
HCLS1
HCRT
HEATR3
HERC3
HIATL1
HINFP
HISTIH1A
HIST1H2BC
HNRNPC
HPCAL4
HRAS
HRC
HSCB
HSF2
HSP90B1

KJ905803
KJ905804
KJ905805
KLF10
KLF6

KRAS
LARP4
LDHD
LDOC1
LINC01126_frag
LOR
LPAR2
LRRC43
LYG1
MAGEA11
MAGEAS8
MAGEA9
MAGEC2
MAGI1
MAP3K6
MAP4
MAPKS8IP2
MAPKAPK3
MATK
MED4
MED7
MEMO1
MKNK1
MPST
MTERF4
MTHFD1
MTURN
MX2
MYCL
MYL4
MYLK
N4BP1
NAGK
NCS1
NDFIP1
NDN
NDRG1_frag
NEK11
NFE2L2
NFKBIB
NID2
NIF3L1
NKIRAS2

Ali Reza Ahmadi et al., 2023. eLife https://doi.org/10.7554/eLife.86678.1

26 of 45


https://elifesciences.org/
https://doi.org/10.7554/eLife.86678.1

v eLife

GCK HSPA1A NME2
GDAP1L1 HSPA6 NME3
GDF11 HTN3 Nol3
GGH HVCN1 NOL3
GHRH IARS NOSTRIN
GIMAPS5 IBSP NR1H3
GIT2 ICAM4 NUDT14
GLB1 IDH1 NXPH2
GLI1 IDH3G OR2T35
GNA11 IDI1 OR4K5
GOLPH3 IDUA OR5D14
GORASP1 IFFO1 OR9G1
GPATCH1 IFITS PACSIN1
GPM6B IGK PAF1
GPN1 IGL PANK3
GPT IL32 PATZ1
GRK7 INPP5A PCK2
GSTA2 INPP5K PDIA2
GSTM3 IP6K1 PFKM
GSTM4 IQuB PGRMC1
GTF2A1L IRS4 PHB2
GTF2I IRX2 PHKG2
GTPBP8 IRX5 PICK1
GTSF1 ISCU PIGC
GUCY2F IST1 PIP4K2C
GYS1 ITGB1BP2 PKNOX1
H1FO IZUMO4 PLCD4
HACE1 JHU18929 PMS2P5
HCLS1 JMID6 PNPO
HEATR3 JMID7 POLL
HELT KANSL3 POLR2J2
HEMK1 KCNAB1 PPM1G
HEXA KCNK17 PPP1R3C
HIATL1 KCTD17 PRDX2
HINFP KDM4D PRLHR
HISTIH1A KIAA0040 PRMT2
HLA-F KIAA0408 PRMT3
HMGB2 KIAA0513 PRMT8
HNRNPC KIAA1429 PROSC
HOXB6 KIF19 PRPSAP1
HPCAL4 KJ898030 PRRC2B
HRAS KJ900918_frag PRSS42
HRC KJ901255_frag PRUNE2
HSCB KJ901395 PSMA3
HSF2 KJ901523 PSMB4
HSP90B1 KJ901766.1_frag PSMC3
HSPAG6 KLC4 PSMD3
HSPB1 KLF7 PSMD5
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HSPB6
HTN3
HVCN1
IARS

IBSP

IDH1
IDH3G
IDI1

IDUA
IFFO1
IFIT3

IGL

IKZF2
IL32

IL411
ILSRA
ILF2

ILVBL
IMPDH1
ING3
INPP5A
INPP5K
IPEK1
1QCF1
1QUB
IRX2

IRX5

IST1
ITGB1BP2
1ZUMO4
JHU18929
JMJD6
KANSL3
KCNAB1
KCNAB2
KCNK17
KCNRG
KCTD17
KDM4D
KHDC1
KIAA0040
KIAA0513
KIAA1429
KJ898030
KJ901255_frag
KJ901395
KJ901766.1_frag
KLC4

KLHDC4
KLHDC7B
KLHDC8A
KRAS
KRBA2
KRT37
KRT85
KRTAP10-6
KRTAP3-2
KRTAP6-3
KV205
LAGE3
LARP4
LAX1
LCE1E
LCE2C
LDOC1
LETM2
LIMK1
LIPM
LPAR4
LPL
LRPAP1
LSG1
LTB4R
LUC7L
LYN
LYSMD2
MAFG
MAGEA1
MAGEA6
MAGEA8
MAGEA9
MAGEC2
MAGI1
MAK16
MAN2B1
MAP2K2
MAP3K10
MAP4K1
MAPKS8IP2
MAPRE1
MARC2
MASP1
MATK
MBIP
MBTPS2
MED4

PTMA
PTMS
PTPRE
QDPR
R3HDM2_frag
RAB14
RAB33A
RAB35
RAB3D
RABSA
RABL2B
RACK1
RAD23A
RALY
RANGAP1
RAP1GDS1
RASD2
RASGRP3
RBKS
RBM34
RBPMS2
RHOA
RIPK2
RNF24
RPLP1
RPP40
RPS15A
RRAGA
RRAGD
RRAS2
RRP15
RSPO4
RTN4
RUVBL2
S100A10
S1PR5
SAMDA4A_frag
SAMD4B
SAT1
SCD
SCGB1C2
SCLT1
SCX
SDCBP
SDHAF2
SESN2
SESTD1
SET
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KLF7
KLHDC4
KLHDC7B
KLHDC8A
KRAS
KRT37
KRTAP10-6
KRTAP16-1
KRTAP3-2
LAP3
LARP1_frag
LARP4
LARS2
LAX1
LCE2C
LDOC1
LETM?2
LIMK1
LIMK2
LINC00305
LINCO1465
LOR

LPL
LRPAP1
LSG1
LTB4R
LUC7L
LY6D

LYN
LYSMD2
MAG
MAGEA6
MAGEAS8
MAGEA9
MAGEC2
MAN2B1
MAP3K7
MAPKS8IP2
MAPRE1
MASP1
MATK
MBTPS2
MED22
MED4
MEIOC
METTL14
METTL16
MGAT4A

MEIS3
METTL14
METTL15
METTL16
MFF
MIB2
MINK1
MMD2
MMRN2
MRAS
MRI1
MRPL1
MS4A12
MTBP
MTERF4
MTMR14
MTX3
MYLIP
MYRIP
MYT1
N4BP1
NAGK
NAMPT
NAPG
NCL
NCLN
NDN
NDUFB11
NDUFB2
NEDDA4L
NFKB2
NFKBIB
NKAPL
NLN
NLRP13
NLRP14
NLRP5
NME2
Nol3
NOL3
NOS1AP
NOSTRIN
NOX1
NPM1
NPY
Nr2f6
NRCAM
NSG1

SFN

SFXN1
SGK1
SH3BGR
SHH
SIGIRR
SKAP2
SLC16A8
SLC1A5
SLC41A3
SLC6A6
SLC7A5
SLC7A60S
SMUG1
SMYD5_frag
SNRNP27
SNX33
SPANXN2
SPANXN3
SPNS3
SPP1
SQSTM1
SRGN
SRMS
SSBP1
SSBP4
SSC5D_frag
STAC3
STARD3NL
STK3
SUDS3_frag
SUFU
Supt6h
SYF2
SYT17
TAGLN
TAOK3
TBC1D9B
TCP10L
TCP11
TEX33

TFG

TGM1
THOC1
TK1

TLE4
TMEM39B_frag
TMEMA40
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MINK1 NSMCE2 TMEMA44
MLF2 NTN4 TMEM51
MLST8 NUDT11 TNK2
MMP28 NUP107 TPM2
MMRN2 NUTM2G TPTE
MMTAG2 NXN TRAPPC12
MRAS NXPH2 TRIM39
MRPS27 OBFC1 TRIM51
MS4A12 OCEL1 TRIM74
MTBP OCLN TSC22D3
MTERF4 OGFOD3 TSPAN18
MTSS1L 0GG1 TSPAN9
MTX3 OLIG3 TUBA1C
MYLK Onecutl TUBAS8
MYRIP OR10T2 TXNDC15
MYT1 OR9G1 UBE2D4
N4BP1 ORC4L UBE2I
NAGK OSTCP1 UBE2R2
NAMPT OTUD6B UBE3A
NANS PAHA3 UHMK1
NAPG PACSIN1 USP25
NCAPH PAF1 UspP4
NCL PAH Usp7
NCLN PAIP1 VAMP3
NCS1 PAK3 VDAC1
NDN PAKA4 VWA7
NDRG4 PAK7 VWAS8
NDUFB11 PALD1 WBP11
NDUFB2 PANK3 WBSCR27
NDUFB5 PARD3B WDR55
NDUFS1 PARP8 XRCC4
NEK11 PARS2 YWHAB
NFE2 PBDC1 ZADH?2
NFKB2 PBX1 ZC4H2
NFKBIB PBX4 ZCCHC12
NINJ1 PCDH17 ZDHHC5
NLN PCDHA4 ZFP64
NLRP13 PCDHB15 ZMYM3
NLRP14 PCMTD1 ZMYM6
NLRP5 PCSK7 ZNF207
NME2 PDE1A ZNF428
NME7 PDE8A_frag ZNF557
NMNAT3 PDIA2

Nol3 PDK1

NOL3 PDK2

NOS1AP PDPK1

NOSTRIN PDXDC1

NPM1 PENK
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NPPA
NPY
NR2F1
Nr2f6
NSG1
NSMCE2
NTN4
NUMB
NUP107
NUTM2G
NXN
NXPH2
OBFC1
OCLN
OLIG3
Onecutl
OR10T2
OR5H6
OR9G1
ORCAL
OSBPL8
OTUD6B
OTX2
P3H4
PACSIN1
PAF1
PAFAH1B3
PAIP1
PAK3
PAK4
PAK7
PANK3
PARP8
PATZ1
PBDC1
PBX1
PBX4
PCDH17
PCDHB15
PCMTD1
PDE4DIP
PDES8A_frag
PDIA2
PDK1
PDS5B
PDXDC1
PDZK1IP1
PENK

PEX10
PFKFB4
PGA3
PGA4
PGK1
PIAK2A
PICK1
PIK3R5
PIP4K2C
PKNOX1
PLAA
PMVK
PNKD
PNMA2
PNMAGA
POGZ
POTEE
PPIC
PPM1G
PPP2R2B
PPP2R3C
PPP2R4_frag
PPP6R2
PRDM15
PREX2
PRH1
PRKAR2B
PRKCDBP
PRKCZ
PRMT2
PRMT3
PRMTS
PRPH2
PRPSAP2
PRR13
PRR16
PSMA3
PSMB6
PSMC3
PSMD5
PTGES2
PTGIS
PTMA
PTMS
PTPN6
PTRH2
PURA
RAB14
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PEX10
PFKFB4
PGA4
PGK1
PGRMC1
PHYHD1
PI4K2A
PICK1
PIM2
PIP4K2C
PLA2G2E
PLD3
PLEKHF2
PLEKHJ1
PLOD2
PNKD
PNMA2
PNMAGA
POGZ
POLR2F
POLR2J2
POTEE
PPBP
PPIC
PPM1G
PPP4R3A
PPP6R2
PPRC1
PRELID3B
PREX2
PRKAR2B
PRKCDBP
PRKD2
PRMT2
PRMT3
PRMT8
PRPH2
PRPSAP2
PRR13
PRRC2B
PSMA3
PSMC3
PSMD5
PTGES2
PTGIS
PTMA
PTMS
PTPN12

RAB21
RAB28
RAD23A
RALY
RANGAP1
RARA
RASGRP3
RBAKDN
RBM39
RCHY1
RDM1
RFX8
RHOA
RHOQ
RHOXF2
RIC8A
RLN3
RNF25
RNFT1
RNPEP
ROBO3
RPL36AL
RPLP1
RSPO4
RTN4IP1
RUVBL2
SAA2
SASH3
SCLT1
SENP7
SESN2
SESTD1
SET
SGK2
SH2D3A
SH3BGR
SH3GL1
SH3GL2
SHCBP1
SHFM1
SIRPB1
SIRT4
SLAMF6
SLC16A8
SLC16A9
SLC35E3
SLC6A6
SLC6A7
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PTPN6
PTRH2
PTTG1
PUDP
PURA
PURG
Q6irl3_frag
RAB14
RAB21
RAB33A
RAD23A
RAD51D
RALY
RANGAP1
RAP1GDS1
RARA
RASGRP3
RASL11B
RASSF3
RBAKDN
RBM34
RBPMS2
RCHY1
RDM1
RFX8
RHOA
RHOQ
RILPL2
RIOK3
RIPPLY1
RLN3
RNF157
RNF25
RNFT1
ROBO3
RPL13
RPL36AL
RPLP1
RPS15A
RPSA
RRAGD
RRAS2
RRP15
RSPO4
RSRP1
RTN2
RTN4IP1
RUVBL2

SLC7A10
SLC7A60S
SMAD7
SMC5
SMOX
SMYD5_frag
SNAI3
SNX33
SOGA3
SPAG11A
SPANXN2
SPANXN3
SPNS3
SPP1
SRGN
SRMS
SRPK2
SRSF11
SRSF2
SSBP1
SST
ST3GAL3
STARD3NL
STARD7
STAT4
STK31
STK38L
STK39
STOX1
STRA13
SUCLG2
SUFU
SUMO1
Supt6h
TAB2
TAPBP
TARBP1
TARBP2
TAZ
TBC1D9B
TBX19
TBX4
TCF7L1
TCN2
TCP1

TEK
TEN1
TERF1
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S100A7L2
SAA2
SAMDA4A _frag
SARAF
SARS
SCML1
SENP7
SESTD1
SET

SFR1
SGCD
SGK2
SGK494
SH2D3A
SH3BGR
SH3GL2
SHANK2
SHCBP1
SHFM1
SIRT4
SLAMF6
SLC16A8
SLC17A4
SLC1A7
SLC35E3
SLC37A2
SLC41A3
SLC48A1
SLC6A6
SLC7A5
SLC7A60S
SLX1A
SMAD7
SMAD9
SMARCC2
SMC5
SMDT1
SMOX
SMYDS5_frag
SNAI3
SNRNP27
SNRPF
SORBS2
SPACA7
SPAG11A
SPANXN2
SPANXN3
SPCS2

TERF2IP
TESK1
TEX33
TFIP11
TGIF2LY
TGM1
TGM2
THEMIS2_frag
TIGD1
TIRAP
TLE4

TLK1
TMEM106B
TMEM116
TMEM129
TMEM130
TMEM161B
TMEM209
TMEM222
TMEMA44
TNFRSF14
TNFRSF25
TNK1
TOM1L2
TONSL
TOP1IMT
TPK1
TPM2
TPSAB1
TRAPPC10
TRAPPC12
TRGC1
TRIM65
TSPAN10
TSR2
TTC27
TUBA3C
TUBAS8
TUBB
TUBB8
TULP3
TYW3
U2AF1
U2SURP
UBALD2
UBE2D3
UBE2R2
UBE3A
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SPNS3
SPP1
SRGN
SRMS
SRPK2
SRSF11
SSC5D_frag
ST3GAL3
STARD3NL
STARD7
STAT4
STBD1
STK3
STK31
STK39
SUFU
SUGCT
SULT2B1
SUMO1
Supt6h
SUV39H2
SUV420H1_frag
SYT10
TAB2
TARBP1
TARBP2
TAZ
TBC1D9B
TBRG1
TBX19
TBX4
TCIRG1
TCN2
TCP1
TEK

TEN1
TERF2IP
TESK1
TEX101
TEX33
TFIP11
TGIF2LY
TGM1
TGM2
THY1
TIGD1
TIMM44
TIRAP

UBXN4
UFD1L
UGT2B15
UNC45A
USP32
USsP4
USP7
VCP
VDAC1
VRK2
VWAS
VWA9
WBP11
WDR55
WISP2
XM_006509802.2_frag
XPOT
XRN2
YARS
YIF1B
YKT6
YWHAQ
YWHAZ
ZADH2
ZBED4
ZBTB47
ZBTB7C
ZDHHC5
ZDHHC9
ZFPM2
ZMAT4
ZNF192P1_frag
ZNF207
ZNF225
ZNF254
ZNF326
ZNF330
ZNF428
ZNF460
ZNF598
INF687
ZNF746
INF772
ZNF843
ZSWIM1
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TLDC1
TLE4
TLK1
TLR4
TMEM101
TMEM106B
TMEM129
TMEM154
TMEM161B
TMEM168_frag
TMEM222
TMEMA44
TMSB4Y
TNFRSF14
TNFRSF25
TNK1
TNNT2
TOM1L2
TONSL
TP73
TPD52L1
TPK1
TPTE
TRAPPC10
TRAPPC12
TSPAN18
TSPAN7
TSPY3
TSR2
TTC27
TUBA3C
TUBAS
TUBB
TULP3
TYROBP
TYW3
U2AF1
U2AF2
U2SURP
UBAS
UBALD2
UBE2D3
UBE2R2
UBE3A
UBXN4
UFD1L
UNC45A
uso1

Ali Reza Ahmadi et al., 2023. eLife https://doi.org/10.7554/eLife.86678.1

36 of 45


https://elifesciences.org/
https://doi.org/10.7554/eLife.86678.1

s eLife

USP14
USP25
USP4
USP7
VAMP3
VCP
VEGFB
VMA21
VPS16
VWA3B
VWAS8
VWA9
WBP11
WDR55
WDR70_frag
WISP2
XAGE1A
XM_006509802.2_frag
XPA
XRCC4
YARS
YKT6
YWHAB
YWHAQ
YWHAZ
ZADH2
ZBED4
ZBTB7C
ZDHHC5
ZDHHC9
ZFPM?2
ZKSCAN3
ZMATA
ZMYM3
ZNF192P1_frag
ZNF207
ZNF225
ZNF326
ZNF330
ZNF346
ZNF415
ZNF428
ZNF460
ZNF557
ZNF843
ZSWIM1
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Table S4.

Cellular components recognized by IgG or IgA antibodies extracted from the diseased liver tis-
sues (Observed vs. Expected)

Antigen Cytosol  Cytoplasm  Nuclews  Mitochondrion Focal Extracellular Mitochondrisl Ruffie membrane
enriched adhesion crasome Intermembrane space

cellular

component

SAH (IgG) P<0.0001  P<0.0001 P<0.05
SAH (IgA) P<0.05 P<0.05 ns ns ns ns n ns
AC (IgG ns ns ns ns ns ns ns ns
AC (IgA ns ns ns s ns ns ns n
HBY ns ns ns ns ns
(IgG oor IgA
HOY ns ns ns ns ns ns ns ns
(1gG or IgA)
NASH ns ns ns ns ns ns ns ns

(g or IgA)

ALH ns ns ns ns ns ns ns ns
(1G or 1gA)

Table S5.

Cellular components recognized by IgM and E. coli enriched IgM extracted from PBC liver
tissues.

Ig from PBC livers

Extracellular Intrinsic component of Golgi
exosome membrane

| PBCigM ] P<0.01 P<0.01 P<0.05 P<0.05

E. Coll enriched Ig from PBC livers

cellular component
P<0,001 P<0.05
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Reviewer #1 (Public Review):

Sun and colleagues investigated the cross-reactive antibodies between E.Coli and the host in
severe alcoholic hepatitis (SAH). The study found that IgA and IgG were deposited in the
liver of SAH patients. Complements C3d and C4d were also deposited in the SAH patient's
liver. Moreover, they found that the Ig accumulated in the SAH liver, but not in the SAH
serum, induced hepatocyte killing, suggesting that liver Ig is important. Then, they found
that these Ig can recognize both human and E. Coli antigens. Very interestingly, SAH-derived
Ig shows cross-reactivity to both human and E. Coli antigens, suggesting E, Coli-primed Ig in
SAH may damage hepatocytes through host antigen recognition. These Ig are not observed in
alcoholic cirrhosis patients. The liver RNA-seq data suggested that Ig was also produced in
the liver, not only gut-derived Ig. This is a very interesting study showing the novel
mechanism of SAH mediated by the Ig with the cross-reactivity with bacteria and host
antigens, which is not observed in AC patients. Overall, the study design is reasonable and
the data are consistent to support their central hypothesis. There are a few comments.

Specific comments:

1. Figures 1 and 2 show Ig deposition in the liver (it seems on hepatocytes). Not only Ig
reaction to the specific antigen but also non-specific Fc receptor-mediated binding to
hepatocytes could be contributed.

2. Similarly, in Figure 2G Ig-mediated hepatocyte killing, Fc receptor-mediated hepatocyte
killing may be involved.

3. The study examined the possibility of liver resident B cell and plasma cell-mediated Ig. As
the authors mentioned in the discussion, B cells may be translocated from the intestine to
the liver. Or the resident B cells (not from the gut) are also involved.

Reviewer #2 (Public Review):

In this paper, Ahmadi et al demonstrated that antibodies produced locally in the liver by
infiltrating B cells can enhance liver damage caused by fat accumulation. The main finding
is that human samples extracted from severe alcoholic hepatitis showed antibody
accumulation that may be related to an enhanced immune response to self-antigens, which
could ultimately fuel liver damage - which was already present due to alcohol consumption.
Their data are corroborated by arrays and gene ontology assays, and I strongly believe that
these data could add to the future options we have to treat patients.
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Author Response

Reviewer #1 (Public Review):

Sun and colleagues investigated the cross-reactive antibodies between E. coli and the host in
severe alcoholic hepatitis (SAH). The study found that IgA and IgG were deposited in the liver of
SAH patients. Complements C3d and C4d were also deposited in the SAH patient's liver. Moreover,
they found that the Ig accumulated in the SAH liver, but not in the SAH serum, induced
hepatocyte killing, suggesting that liver Ig is important. Then, they found that these Ig can
recognize both human and E. coli antigens. Very interestingly, SAH-derived Ig shows cross-
reactivity to both human and E. coli antigens, suggesting E. coli-primed Ig in SAH may damage
hepatocytes through host antigen recognition. These Ig are not observed in alcoholic cirrhosis
patients. The liver RNA-seq data suggested that Ig was also produced in the liver, not only gut-
derived Ig. This is a very interesting study showing the novel mechanism of SAH mediated by the
Ig with the cross-reactivity with bacteria and host antigens, which is not observed in AC patients.
Overall, the study design is reasonable and the data are consistent to support their central
hypothesis. There are a few comments.

We thank the Reviewer for his/her positive comments on our manuscript!
Specific comments:

1. Figures 1 and 2 show Ig deposition in the liver (it seems on hepatocytes). Not only Ig
reaction to the specific antigen but also non-specific Fc receptor-mediated binding to
hepatocytes could have contributed.

1. Similarly, in Figure 2G Ig-mediated hepatocyte killing, Fc receptor-mediated hepatocyte
killing may be involved.

Anti-IgG antibody (ab200699) recognizes a protein of 75 kDa, identified as gamma heavy chain
of human immunoglobulins. It is possible that non-specific Fc receptor-mediated binding to
hepatocytes in the SAH liver can also be recognized by this anti-IgG antibody staining.

However, no IgG or IgA deposition in the healthy donor livers was identified by anti-IgG or IgA
staining. These results suggest that there was no antigen specific or Fc receptor-mediated
binding to healthy hepatocytes.

In the ADCC assay, hepatocytes isolated from healthy donor livers were used as the target
cells. Immune cell (NK) mediated ADCC is mainly triggered by IgG (binding to antigens of
hepatocytes) through the interaction between IgG Fc fragment and Fc-receptors (FcyRs) of NK
cells. If IgG deposition in the SAH liver were mainly due to non-specific Fc receptor-mediated
binding to hepatocytes, we would expect IgG binding to FcyRs of hepatocytes and no
activation of NK cells. Ig-mediated hepatocyte killing (Figure 2G) indicates the Ig (from SAH
liver) reaction to the specific antigens.

1. The study examined the possibility of liver resident B cell and plasma cell-mediated Ig. As
the authors mentioned in the discussion, B cells may be translocated from the intestine to
the liver. Or the resident B cells (not from the gut) are also involved.

We agree with the Reviewer at this point. The resident B cells may be also involved in the Ig
production.
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Reviewer #2 (Public Review):

In this paper, Ahmadi et al demonstrated that antibodies produced locally in the liver by
infiltrating B cells can enhance liver damage caused by fat accumulation. The main finding is
that human samples extracted from severe alcoholic hepatitis showed antibody accumulation
that may be related to an enhanced immune response to self-antigens, which could ultimately
fuel liver damage - which was already present due to alcohol consumption. Their data are
corroborated by arrays and gene ontology assays, and I strongly believe that these data could
add to the future options we have to treat patients.

We thank the Reviewer for his/her positive comments on our manuscript!
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