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Hepatic cell proliferation plays a pivotal role in the prognosis
of alcoholic hepatitis
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Background & Aims: The role of liver progenitor cell (LPC) clinical and biological variables. Upregulated genes in improvers

expansion, known as a marker of disease severity, as well as were associated with cell cycle mitosis together with a major

the impact of macrophage activation on liver regeneration
remains unclear in humans. We aimed to characterize the LPC
and macrophage compartments in alcoholic hepatitis (AH), as
well as gene expression patterns to identify predictors of a good
prognosis in this setting.
Methods: Immunohistochemical studies for macrophages, prolif-
erative hepatocytes, total and proliferative LPC, as well as whole
liver microarray gene expression were performed on baseline
liver biopsies of 58 AH patients early after admission. Abstinent
cirrhotic patients were used as controls. Patients were qualified
as ‘‘improvers’’ or ‘‘non-improvers’’ based on the change in
MELD score three months after baseline.
Results: Compared to controls, AH patients demonstrated a sig-
nificant expansion of macrophages, invasion of LPC and a higher
number of proliferating hepatocytes and LPC. In AH patients, total
LPC expansion (total Keratin7+ cells) was associated with liver
disease severity. The group of improvers (n = 34) was character-
ized at baseline by a higher number of proliferating hepatocytes,
proliferative LPC (double Keratin7+Ki67+ cells) and liver macro-
phages as compared to non-improvers (n = 24), despite similar
Journal of Hepatology 20

Keywords: Alcoholic hepatitis; Regeneration; Liver progenitor cell; Macrophage;
Liver biopsy; SPINK1.
Received 22 July 2014; received in revised form 10 March 2015; accepted 1 April
2015; available online 11 April 2015
⇑ Corresponding author. Address: Gastroenterology and Hepatology, University
Hospitals of Geneva, 4, Rue Gabrielle Perret-Gentil, CH-1211 Geneva 14,
Switzerland. Tel.: +41 223729340; fax: +41 223729366.
E-mail address: laurent.spahr@hcuge.ch (L. Spahr).
Abbreviations: AH, alcoholic hepatitis; ALD, alcoholic liver disease; ASH, alcoholic
steatohepatitis; ACLF, acute on chronic liver failure; LPC, liver progenitor cell; K7,
cytokeratin 7; KRT7, cytokeratin 7 (gene expression); SCT, stem cell
transplantation; TNFa, tumor necrosis factor-a; sTNFR1, soluble form of
receptor-1 for TNFa; IL-6, interleukin-6; AFP, alfa-foetoprotein; HGF,
hepatocyte growth factor; TGFb, transforming growth factor beta; IL-22,
interleukin-22; TWEAK, TNF-like weak inducer of apoptosis; SDF-1,
stromal-cell-derived-factor-1; IL-10, interleukin-10; CDE, choline-deficient diet
supplemented by ethionin; DR, ductular reaction; iPC, intermediate liver
progenitor cells; IH, intermediate hepatocytes; CCNB1, cyclin B1; Cdk1,
cyclin-dependent kinase 1; CDC20, cell division cycle 20; RRM2, ribonucleotide
reductase M2; Fn14, fibroblast growth factor inducible 14; SPINK1, serine
peptidase inhibitor Kazal type 1.
expression of SPINK1.
Conclusions: Higher liver macrophage expansion, increased pro-
liferative hepatocyte but also LPC number, as well as an upregu-
lation of cell proliferation-related genes are associated with a
favourable outcome. These new findings open novel therapeutic
targets in AH.
� 2015 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Introduction

Alcoholic hepatitis (AH) is a frequent and severe complication
of alcoholic liver disease (ALD) that occurs in approximately
20–30% of heavy drinkers, and is associated with a high morbidity
and mortality [1,2]. In Western Europe and in the US, this acute
inflammatory liver condition typically occurs in patients with
chronic, excessive alcohol intake, and clinically manifests as
decompensated cirrhosis. AH is recognized as a clinical syndrome
which includes recent jaundice and manifestations of liver failure
in a patient with excessive alcohol consumption. In this context,
when one suspects histological alcoholic steatohepatitis (ASH) in
a severe form based on a prognostic model, such as the
Maddrey’s score or the MELD score, a liver biopsy is performed
to demonstrate the presence of steatosis, and ballooning degener-
ation of hepatocytes in association with polymorphonuclear neu-
trophils parenchymal infiltration [1]. Failure to do so may expose a
patient with decompensated liver disease secondary to another
cause to the adverse effects of steroids (the treatment indicated
in severe ASH [1]) without clinical benefit. Whether liver histology
brings prognostic information in the setting of AH remains
ill-defined. A liver biopsy performed after decompensation in
patients with alcoholic liver disease showed no single histological
feature that was predictive of mortality [3,4]. In addition to sever-
ity of cholestasis and degree of fibrosis assessed early after hospi-
tal admission (<1 week) [4,5], presence of hepatic encephalopathy
[6] and elevated circulatory white blood cells [7] that have been
associated with a poor outcome in AH, impaired liver regeneration
also appears to play a pivotal role in patients with cirrhosis of var-
ious etiologies [8]. Exposure to alcohol has an additional negative
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effect on liver cell proliferation [9,10]. Accordingly, hepatocyte
proliferative activity declines with the severity of cirrhosis [8],
and a superimposed acute liver injury, a situation named «acute
on chronic liver failure (ACLF)» [11], is associated with expansion
of liver progenitor cell (LPC) compartment, presumably in an
attempt to restore hepatocellular function [12]. Indeed, the LPC
potential transformation into hepatocytes has been described in
animal tracing studies [13,14]. In contrast, other animal studies
support the exclusive role of pre-existing hepatocyte replication
for liver parenchymal regeneration [15,16]. The plasticity of hep-
atocytes and their possible dedifferentiation into LPC is also
described [17]. Nevertheless, in humans, while LPC expansion is
known as a marker of disease severity [18], the putative role of
these cells in liver function improvement and better clinical out-
come remains at present unclear [19]. The proliferative response
of this intrahepatic stem cell population [20] and its interactions
with other cell types of the hepatic microenvironment, such as
macrophages [21] is a focus of major interest and a potential tar-
get for new treatment strategies including cytokine [22,23],
macrophage [24] or stem cell [25] therapy. Therefore, the aim of
this study was to analyse the LPC proliferation and macrophage
activation in patients with AH, in relation to clinical treatment.
Changes in global hepatic gene expression profile were deter-
mined in order to evaluate potential pathways associated with a
good prognosis.
Patients and methods

Patients

The clinical and biological material used for this study was derived from a recent
trial on stem cell transplantation (SCT) in decompensated ALD [19]. Shortly after
hospital admission, 58 patients with AH were randomized to a standard of care
management (alcohol withdrawal, vitamin supplementation and steroids in the
presence of histological ASH with Maddrey’s score P32) alone or combined with
autologous bone marrow SCT injected into the hepatic artery (Supplementary
Table 1). A close follow-up during a three month period did not demonstrate
any benefits in terms of biological parameters and histological alterations follow-
ing SCT [19]. The primary endpoint to define a good prognosis or improvers was a
decrease of at least three points of MELD as compared to baseline, which we con-
sider in our experience as clinically significant in the management of these
severely ill patients. Thus, based on this criterion, 34 patients with MELD amelio-
ration of three points or more at three months as compared to MELD baseline
value were classified as ‘‘improvers’’ and 24 patients with MELD deterioration
or MELD amelioration lower than three points at three months or patients who
died during this three month follow-up (n = 6) were classified as
‘‘non-improvers’’, irrespective of treatment allocation. These two groups, which
constituted our study population, shared similar baseline characteristics in terms
of biological values, histological lesions, and treatments including SCT
(Supplementary Table 2). Mean MELD scores at three months were 10.8 in impro-
vers vs. 18.8 in non-improvers.
Liver tissue studies

All patients with AH had a transjugular liver biopsy performed at baseline shortly
(mean three days) after hospital admission for diagnostic purposes. A second liver
biopsy was performed after four weeks of follow-up. Patients in the control group
were abstinent alcoholic cirrhotic patients in which repeated blood ethanol tests
were negative (Supplementary Table 3). In these patients, liver tissue was
obtained during transjugular biopsy at time of evaluation for liver transplantation
or during surgery. In all cases, the liver tissue specimens were separated in two
pieces, one for histological studies and the other fragment immediately snap fro-
zen in liquid nitrogen and stored at �80 �C for further gene expression analysis.
For mice studies, liver tissue was obtained under anesthesia either during surgical
610 Journal of Hepatology 201
operation for partial hepatectomy or after euthanasia for other conditions, as pre-
viously described [26–28]. Experiments on animals were performed with
approval of the University Animal Welfare Committee of the Université catholi-
que de Louvain.

Immunohistochemistry

Liver biopsy specimens from baseline AH patients and from control patients dur-
ing pretransplant evaluation were immediately fixed into formalin 10%, and then
paraffin-embedded. Immuno-stainings were performed using the automated
Ventana Discovery XT system (Ventana Medical Systems, Tucson, AZ, USA) and
Ventana reagents were used for all procedures. Briefly, serial 3 lm thick to
5 lm thick sections from the tissue block were incubated 30 mins at 37 �C with
mouse monoclonal human antibody MIB1 against the proliferation marker Ki67
(Dako, M7240, 1:100 dilution) and anti-Keratin7 (K7) (Dako, M7018, 1:100 dilu-
tion), anti-CD68 (Dako, M0876, 1:100 dilution), anti-cyclin D1 (Ventana
790-4508, ready to use rabbit monoclonal antibody SP4-R), anti-Cdk1 (Abcam
ab133327 1:100 dilution), and anti-SPINK1 (Abcam, ab58227, 1:500 dilution) pri-
mary antibodies. Antigen retrieval was performed by heating slides in CC1 buffer
(CC1; Tris-based buffer pH 8.4) for 36 mins for CD68, K7, Ki67, cyclin D1 and
Cdk1. Detection of anti-CD68, anti-Ki67, anti-cyclin D1 and anti-Cdk1 primary
antibodies was carried out using the amplified DabMap detection kit based on
the conversion of diaminobenzidine to a brown dye with horseradish peroxidase
(HRP/SA complex using secondary biotinylated antibodies). Detection of anti-K7
primary antibodies was carried out using the amplified RedMap detection kit
based on the conversion of Naphtol/FastRed to a red dye with steptavidine
Alkalin phosphatase (AP/SA complex using secondary biotinylated antibodies).

The Research IHC DoubleStain XT procedure was used for all co-staining’s.
Briefly, after heating slides 36 mins in CC1 buffer, anti-Ki67 (or anti-Cyclin D1,
or anti-Cdk1) was first incubated and Ki67 was detected using DAB staining.
Then HRP activity was heat-inactivated 8 mins at 85 �C and anti-K7 antibodies
were added and K7 was detected by RED staining. As negative control, specific
isotype antibodies were used instead of primary antibodies when protocols were
setting up.

Proliferation was assessed on the whole biopsy specimen by manual counting
under high magnification (�400). Results are given as the mean number of Ki67
positive cells per high power field. Ki67 positive cells were classified either as K7
negative or positive to assess either hepatocyte or LPC proliferation. K7 positive
cells were further classified by their histological appearance, localization in the
liver lobule and staining intensity of K7. Cells from the ductular reaction (DR)
are cuboid adjacent K7 intense positive cells forming ductules. Intermediate pro-
genitor cells (iPC) are K7 positive cells (often isolated) located in the liver lobule
and smaller than hepatocytes. Intermediate hepatocytes (IH) are large cuboid
hepatocyte-like cells with a less intense K7 staining. Total K7 and CD68 (a marker
for liver macrophages) positive cell area were quantified using tissue section pho-
tographs at magnification (�100) of the entire liver biopsy and the Leica QWin
computer assisted program [29]. Results are given as the percentage of total pos-
itive cell area (K7 or CD68) on the total biopsy surface at �100 magnification.

In situ hybridization

The PCR template coding partially for human SPINK1 was generated from human
pancreas RNA (AM7954, AMBION) using the reverse transcription kit from Takara
(RR037A). Detailed protocol is given as Supplementary materials and methods.

SPINK1 in situ hybridization with sense or antisense probes specific for
human SPINK1 was performed on serial sections from paraffin-embedded human
liver. Human pancreas tissue sections served as positive controls for SPINK1
in situ hybridization.

Transcription analysis

Transcriptome profiling was performed with Affymetrix arrays containing 49,395
transcripts.

Total RNA was extracted from snap frozen liver biopsies obtained at baseline
(n = 30), as well as in snap frozen liver samples in abstinent cirrhotic patients
(n = 12) by using TissueLyser machine (Qiagen) and the AllPrepDNA/RNA Mini
Kit (Qiagen, Hombrechtikon, Switzerland). RNA quality was assessed by capillary
electrophoresis on Agilent 2100 Bioanalyzer (Agilent Technologies, Basel,
Switzerland). 100 ng was amplified and labelled using the 30 IVT Express kit
(Affymetrix). Hybridization on GeneChip PrimeView Human Gene Expression
arrays (Affymetrix) was carried out according to the manufacturer’s instructions.
5 vol. 63 j 609–621
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Fig. 1. Macrophages and K7 positive cells are activated in alcoholic hepatitis
compared to abstinent alcoholic cirrhosis. Liver sections obtained from AH
patients (n = 58) and control patients (n = 15) were stained with antibodies
directed against macrophages (CD68 in brown) to identify Kupffer cells (A), or
directed against liver progenitor cells (K7 in pink) (B) by immunohistochemistry
(IHC). Morphometric quantification of the area occupied by positive cells is
presented. Double K7 (in pink) and Ki67 (in brown) (C) was used to identify
proliferating hepatocytes and proliferating liver progenitor cells (LPC). Double K7/
Ki67 positive cells were classified and manually counted as cells from the
ductular reaction (DR), intermediate progenitor cells (iPC) or intermediate
hepatocyte-like cells (IH). K7 negative Ki67 positive cells with a typical
hepatocyte morphology (large cuboid cells) were classified as proliferative
hepatocytes (Hep) (C). Inserts show typical 400� magnification on each cell
subtype. All data are mean (± S.D.), **p <0.01, ***p <0.001 between groups. (This
figure appears in colour on the web.)
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The data were robust multi array normalized [30]. Pathway analysis

of the genes, which were identified as differentially expressed by microarray
experiment, was undertaken by using the MetaCore software (http://
www.genego.com).

The gene expression data can be found in ArrayExpress (https://www.ebi.ac.
uk/arrayexpress/) accession n�E-MTAB-2664.

Nanostring

For the confirmation of the Affymetrix transcriptional analysis, the same samples
– 12 abstinent alcoholic cirrhosis (controls) and 27 cases – were treated with the
nCounter system (NanoString). NanoString synthesized the code set for the anal-
ysis of 115 genes of interest and seven normalization genes (Supplementary
Table 4).

300 ng of total RNA was hybridized with multiplexed NanoString probes and
samples were processed according to the published procedure [31]. Background
correction was done by subtracting from the raw counts the mean + 2 SD of
counts obtained with negative controls (alien probes lacking spiked transcript
for background calculation). Values <1 were fixed to 1 to avoid negative values
after log transformation. Positive controls (alien sequences of RNA spiked at var-
ious concentrations to assess the overall assay performance) were used as quality
assessment: the ratio between the highest and the lowest positive controls aver-
age among samples was below three. Then counts for target genes were normal-
ized with the geometric mean of the four reference genes (ACTB, B2M, EEF1A1 and
GUSB) selected as the most stable using the geNorm algorithm [32].

Measurement of cytokines and blood markers of regeneration

A multiplex suspension array technique based on the sandwich immunoassay
method (Bioplex, Biorad, Zürich, Switzerland) was performed for multiple mea-
surements on a single plasma sample, as previously described [19]. The following
cytokines were measured at different time points: inflammatory cytokines
tumor necrosis factor-a (TNFa), soluble form of receptor-1 for TNFa (sTNFR1)
and interleukin-6 (IL-6); proliferative cytokine alpha-fetoprotein (AFP),
hepatocyte growth factor (HGF), transforming growth factor b (TGFb),
interleukin-22 (IL-22), TNF-like weak inducer of apoptosis (TWEAK),
stromal-cell-derived-factor-1 (SDF-1) and interleukin-10 (IL-10).

Animal studies

Different mouse models of injury were analysed: C57BL/6J wild-type mice were
fed either a modified Lieber-DeCarli diet for 20 days [26] or a choline-deficient
diet supplemented by ethionin (CDE) for 10 days [28]. Chow-fed mice were sub-
jected to a two-third partial hepatectomy and livers were analysed 48 h after sur-
gery [27].

Statistical analysis

Continuous variables are presented as means ± SD and were compared using
Student t test (two-tails) or paired if appropriate. Categorical variables were com-
pared using the chi square test. Correlations between variables were evaluated
using Pearson’s r. To assess the differences in gene expression values
(Affymetrix and Nanostring) between the different groups (AH at baseline vs. con-
trols, improvers vs. non-improvers at baseline), we did a 5-way ANOVA with con-
trast in Partek Genomics Suite (http://www.partek.com). We applied a
conservative significance threshold of 5% p value.
Results

Expansion of macrophage and LPC compartments in AH patients vs.
controls

Morphometric analysis of liver sections immunostained for CD68
demonstrated a significant expansion of CD68 positive cells in the
entire group of patients with AH as compared to abstinent cir-
rhotic patients serving as controls (Fig. 1A). In addition, patients
with AH were characterized by a significantly higher total K7
liver positivity calculated by morphometric analysis compared
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to controls (Fig. 1B). Taken together, these results emphasize
the association between Kupffer cell and LPC expansion in AH,
as previously reported in experimental chronic liver injury [33].
Double immunostaining for K7 and Ki67 was used to quantify
proliferating LPC (double K7+/Ki67+ cells) or proliferating hepato-
cytes (large Ki67+, K7� cells). Proliferating LPC were manually
counted in the entire liver biopsy (mean 22.6 range 6–56 high
power fields per case) differentiating cells from the DR, iPC and
IH by morphology and localization in the liver lobule. Patients
with AH demonstrate a higher number of proliferative hepato-
cytes and K7 positive cells regardless of cell subtype, compared
with controls (Fig. 1C).
Different hepatic gene expression profile according to the presence of
AH

To analyse whether those histological changes were associated
with particular inflammatory pathways or specific cell function,
transcriptome expression profile was assessed in 30 patients with
AH and 12 controls. This analysis revealed 753 genes >2-fold dif-
ferentially expressed with a p value lower than 0.05 between those
two groups (Fig. 2). These results were confirmed by NanoString
technology (Table 1). The most relevant genes differentially
expressed in patients with AH as compared to controls were
related with metabolism, fibrogenesis, cell cycle processes, LPC
5 vol. 63 j 609–621 611
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Fig. 2. Heatmap showing hierarchical clustering analysis based on genes
differentially expressed in alcoholic liver disease between control abstinent
alcoholic liver cirrhosis (n = 12) and alcoholic hepatitis (n = 30). The intensity
of the color (red: upregulation; green: downregulation) indicates differential
expression. (This figure appears in colour on the web.)
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(KRT7, SOX9, CD24) and other functions. However, classical
immune response pathways derived from animal studies were
unchanged (TNF, IL-6, cJUN) or significantly decreased (SOCS3,
FOS) at the transcriptome level in our patients (Table 1 and Fig. 2).

Relationship between K7 positive cell expansion and the MELD score

We explored the relationship between K7 positive cellular com-
partment and the severity of liver failure in AH patients. The
immunohistochemical staining for K7 correlated with liver fail-
ure as assessed by the MELD score and the INR (Fig. 3A and C)
and at four week follow-up biopsy (Fig. 3B and D), thereby
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confirming previously published results about LPC activation
and expansion in severe liver damage [18,34–38].
Histological baseline parameters according to outcome

We compared baseline histological features in the groups of
improvers and non-improvers to evaluate the role of LPC expan-
sion as a prognostic determinant at three months. Except for a
higher proportion of females in the improvers vs.
non-improvers, groups were similar at baseline (Supplementary
Table 2). The expression of total K7 was similar in the two groups
(Fig. 4A). To analyse the relationship between parenchymal hep-
atocyte or LPC proliferation and evolution of the MELD score at
three months, we manually counted proliferative K7 positive
cells (K7+/Ki67+ cells) in different subtypes of LPC (DR, iPC or
IH) as well as proliferative hepatocytes (Ki67+/K7� parenchymal
cells) in the entire liver biopsy specimen. Interestingly, improvers
were characterized at baseline by a higher number of K7+/Ki67+

cells of the DR and intermediate hepatocytes and Ki67+ hepato-
cytes as compared to non-improvers (Fig. 4B). Mitosis was also
present in some K7+ cells (Supplementary Fig. 1). Considering
the apparent important role of both macrophages and LPC in
the proliferative and regenerative response to injury [33], we
compared liver macrophage expansion in improvers vs.
non-improvers. Improvers displayed an increased density of liver
macrophages (4.4% of surface area) as compared with
non-improvers (3.3% of surface area) (Fig. 4C). Collectively, those
data demonstrate at baseline liver biopsy a higher liver macro-
phage expansion together with a higher number of proliferative
hepatocytes and K7 positive cells in improvers as compared to
non-improvers.

Transcription analysis at baseline according to outcome

Provided that expansion or proliferation of particular liver cell
compartments observed at baseline influences the short-term
prognosis, we wanted to determine whether these histological
features were associated with particular inflammatory and/or
regenerative pathways. Transcriptome analysis on liver tissue
revealed that the pathways most upregulated in improvers vs.
non-improvers were related to cell cycle (Fig. 5 and Table 2).
NanoString technology confirmed this significant link between
liver function improvement and upregulation of the cell cycle
process with a significant upregulation of mRNA coding for pro-
teins like cyclin B1 (CCNB1), cyclin-dependent kinase 1 (Cdk1),
cell division cycle 20 (CDC20), ribonucleotide reductase M2
(RRM2). Immunohistochemistry analysis of cyclin D1 and Cdk1
revealed enhanced proliferation in both hepatocytes and K7 pos-
itive cells (Supplementary Fig. 1). Other significant pathways that
were upregulated in improvers compared with non-improvers
were associated with fibrosis, inflammation, macrophages and
hepatic microenvironment including Wnt signalling and fibrob-
last growth factor inducible 14 (Fn14 or TNFRSF12A), the recep-
tor for TWEAK, a well-known potential activator of LPC
proliferation. These results, confirmed by NanoString data, are
presented in Table 2. Finally, in patients who qualified as impro-
vers, the transcriptome analysis demonstrated a seven fold
increase of the liver serine peptidase inhibitor Kazal type I
(SPINK1). Although unexpected, upregulation of SPINK1 was con-
firmed by NanoString with a 82.92-fold increase (p = 0.0076)
(Table 2).
5 vol. 63 j 609–621



Table 1. Different expression of genes in patients with alcoholic hepatitis compared with controls.

Accession number Gene name Affymetrix fold 
expression

p value Nanostring fold 
expression

p value

Metabolism
NM_000670 ADH4

alcohol dehydrogenase 4 (class II), 
pi polypeptide

-2.88 0.0013 -4.40 0.0004

NM_145740 GSTA1
glutathione S-transferase alpha 1

-4.53 0.0004 -12.4 0.0292

NM_000767 CYP2B6
cytochrome P450, family 2, 
subfamily B, polypeptide 6

-3.11 0.0001 -8.28 0.0006

NM_000773 CYP2E1
cytochrome P450, family 2, 
subfamily E, polypeptide 1

-2.56 0.0240 -3.26 0.0473

NM_000770 /// 
NM_001198853 /// 
NM_001198854 /// 
NM_001198855

CYP2C8
cytochrome P450, family 2, 
subfamily C, polypeptide 8

-4.20 0.0001 -4.77 0.0002

NM_000771 CYP2C9
cytochrome P450, family 2, 
subfamily C, polypeptide 9

-2.79 0.0013 -2.31 0.0012

NM_005577 LPA
lipoprotein, Lp(a)

-2.67 0.0120 -38.45 0.0075

NM_000482 APOA4
apolipoprotein A-IV

8.24 0.0001 89.86 0.0018

NM_020299 AKR1B10
aldo-keto reductase family 1, 
member B10 (aldose reductase)

3.85 0.0001 3.76 0.0005

NM_000208 /// 
NM_001079817

INSR
insulin receptor

1.95 0.002 1.66 0.0001

NM_002591 PCK1
phosphoenolpyruvate 
carboxykinase 1 (soluble)

-2.21 0.0005 -2.19 0.0026

NM_000151 G6PC
glucose-6-phosphatase, catalytic 
subunit

-2.24 0.0004 -3.52 0.0000

NM_004285 H6PD
hexose-6-phosphate 
dehydrogenase (glucose 
1-dehydrogenase)

4.05 0.0000 13.62 0.0000

Inflammation
NM_001040059 /// 
NM_001251

CD68
CD68 molecule

1.61 0.0007 9.21 0.0074

NM_000582 /// 
NM_001040058 /// 
NM_001040060

SPP1
secreted phosphoprotein 1 
(osteopontin)

2.58 0.0027 32.48 0.0012

NM_003300 /// NM_145725 
/// NM_145726

TRAF3
TNF receptor-associated factor 3

3.02 0.0000 8.05 0.0264

NM_001295 CCR1
chemokine (C-C motif) receptor 1

1.03 0.7673 1.52 0.5392

NM_003807 /// NM_172014 TNFSF14
tumor necrosis factor (ligand) 
superfamily, member 14

2.42 0.0004 17.79 0.0227

NM_016639 TNFRSF12A
tumor necrosis factor receptor 
superfamily, member 12A

1.4 0.0759 11.71 0.0265

NM_000594 TNF
tumor necrosis factor

1.07 0.0894 1.10 0.7310

NM_003955 SOCS3
suppressor of cytokine signaling 3

-5.31 0.0000 -27.37 0.0034

(continued on next page)
Line missing
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Table 1 (continued)

Accession number Gene name Affymetrix fold 
expression

p value Nanostring fold 
expression

p value

Inflammation
NM_005252 FOS

FBJ murine osteosarcoma viral 
oncogene homolog

-13.05 0.0000 -363.79 0.0000

NM_004887 CXCL14
chemokine (C-X-C motif) ligand 14

-2.75 0.0023 -9.34 0.0371

NM_001100812 /// 
NM_022059

CXCL16
chemokine (C-X-C motif) ligand 16

1.24 0.0019 11.31 0.0158

²NM_000636 /// 
NM_001024465 /// 
NM_001024466

SOD2
superoxide dismutase 2, 
mitochondrial

2.07 0.0016 1.76 0.0030

Extracellular matrix/cellular adhesion
NM_001102 /// 
NM_001130004 /// 
NM_001130005

ACTN1
actinin, alpha 1

1.43 0.0015 2.70 0.0547

NM_001002857 /// 
NM_001002858 /// 
NM_001136015 /// 
NM_004039

ANXA2
annexin A2

1.91 0.0001 17.88 0.0024

NM_000088 COL1A1
collagen, type I, alpha 1

3.19 0.0003 61.87 0.0001

NM_000089 COL1A2
collagen, type I, alpha 2

3.42 0.0003 7.98 0.0062

NM_000093 COL5A1
collagen, type V, alpha 1

2.21 0.0032 15.66 0.0140

NM_004932 CDH6
cadherin 6, type 2, K-cadherin (fetal 
kidney)

1.11 0.5321 8.95 0.0419

NM_001565 CXCL10
chemokine (C-X-C motif) ligand 10

1.74 0.0276 14.72 0.0179

NM_005764 PDZK1
PDZK1 interacting protein 1

3.34 0.0008 65.13 0.0007

NM_000358 TGFBI
transforming growth factor, beta-
induced, 68 kDa

1.75 0.0008 1.64 0.0067

NM_001136528 /// 
NM_001136530 /// 
NM_006216

SERPIN2
serpin peptidase inhibitor, clade E 
(nexin, plasminogen activator inhibitor 
type 1), member 2

1.59 0.0179 10.67 0.0144

Liver stem/progenitor cells
NM_005556 KRT7

keratin 7
1.75 0.0301 31.95 0.0032

NM_000224 /// NM_199187 KRT18
keratin 18

1.25 0.0716 1.56 0.0012

NM_002276 KRT19
Keratin 19

1.10 0.6899 8.88 0.0362

NM_002354 EPCAM
epithelial cell adhesion molecule

1.15 0.6794 4.76 0.2006

NM_013230 CD24 
CD24 molecule

2.63 0.0001 10.16 0.0014

NM_000346 SOX9
SRY (sex determining region Y)-box 9

1.42 0.0194 3.90 0.0407

Line missing
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Table 1 (continued)

Accession number Gene name Affymetrix fold 
expression

p value Nanostring fold 
expression

p value

Cell cycle
NM_001170406 /// 
NM_001170407 /// 
NM_001786 /// NM_033379

CDK1
cyclin-dependent kinase 1

1.63 0.0131 2.34 0.1579

NM_001255 CDC20
cell division cycle 20 homolog

1.38 0.0310 2.80 0.0923

NM_031966 CCNB1
Cyclin B1

1.61 0.0048 5.54 0.0142

NM_004701 CCNB2
Cyclin B2

1.37 0.0310 1.24 0.5547

NM_005764 PDZK1
PDZK1 interacting protein 1

3.34 0.0008 65.13 0.0007

NM_001034 /// 
NM_001165931

RRM2
ribonucleotide reductase M2

2.6 0.0058 11.45 0.0097

NM_015675 GADD45B
growth arrest and DNA-damage-
inducible, beta

-5.96 0.0000 -9.61 0.0006

Wnt signalling
NM_003502 /// 
NM_181050

AXIN1
Axin 1

1.15 0.0486 7.16 0.0175

NM_012193 FZD4
frizzled homolog 4

2.77 0.0000 321.75 0.0000

NM_003881 WISP2
WNT1 inducible signaling pathway 
protein 2

1.14 0.6010 11.06 0.0365

NM_004626 WNT11
wingless-type MMTV integration site 
family, member 11

1.27 0.1378 2.96 0.0964

Notch signalling
NM_024408 NOTCH2

Notch 2
1.22 0.0007 5.10 0.0011

Others
NM_003122 SPINK1

serine peptidase inhibitor, Kazal type 1
3.68 0.028 19.52 0.0291

JOURNAL OF HEPATOLOGY
Serum values at baseline according to outcome

Improvers were characterized at baseline by a higher level of
serum HGF, a higher serum level of sTNFR1 and a lower level of
SDF-1, when compared to non-improvers (Fig. 4D). Other cytoki-
nes remained unchanged between the two groups (IL-10, IL-6,
TGFb) (Fig. 4D), TWEAK, IL-22, TNFa, AFP (data not shown).

SPINK1: a possible link between inflammation and proliferation in
ALD

In order to explore the major, yet unexpected increase in SPINK1
expression in liver tissue of improvers, we searched for the pro-
tein on liver sections. Despite its presence on exocrine pancreas
tissue serving as positive control (data not shown), we were
unable to show the presence of SPINK1 protein by immunohisto-
chemistry in the liver. However, SPINK1 mRNA was detected on
liver and pancreatic sections using in situ hybridization
(Fig. 6A and D). Serial sections analysis showed that
SPINK1-mRNA is detected in parenchymal cells (hepatocytes or
K7 positive cells with proliferating activity) and co-localized with
Journal of Hepatology 201
areas of inflammatory CD68 macrophage infiltration (Fig. 6A).
Furthermore, SPINK1 mRNA appeared to correlate with macro-
phage marker CD68 and cell cycle markers like Cdk1 and cyclin
B1 (Fig. 6B).

A 20-fold increase in liver SPINK3 expression, the mouse
homolog of human SPINK1 [39], was detected by PCR following
partial hepatectomy in mice (Fig. 6C), together with hepatocyte
proliferation and macrophage activation (data not shown).
SPINK3 was also upregulated in the CDE model in mice, an exper-
imental condition known to induce LPC expansion by blocking
hepatocyte proliferation (Fig. 6C). There was no significant
increase in SPINK3 in ethanol-fed mice (Fig. 6C).
Discussion

Patients with AH manifest as an acute or sub-acute deterioration
of liver function in the setting of cirrhosis, the so-called ACLF
[11], which is a life threatening condition with high mortality
[1,2]. Although steroids improve short-term survival in severe,
biopsy proven ASH, a significant proportion of patients remain
5 vol. 63 j 609–621 615



Table 2. Different expression of genes in improvers vs. non-improvers in alcoholic hepatitis.

Accession number Gene name Affymetrix fold 
expression

p value Nanostring fold 
expression

p value

Cell cycle
NM_001170406 /// 
NM_001170407 
/// NM_001786 /// 
NM_033379

CDK1
cyclin-dependent kinase 1

2.07 0.0018 5.47 0.0221

NM_001255 CDC20
cell division cycle 20 homolog

1.58 0.0080 7.85 0.0076

NM_031966 CCNB1
Cyclin B1

1.82 0.0019 30.69 0.0003

NM_053056 CCND1
Cyclin D1

1.43 0.02 / /

NM_002592.2 PCNA
proliferating cell nuclear antigen

1.31 0.0463 / /

NM_001034 /// 
NM_001165931

RRM2
ribonucleotide reductase M2

3.6 0.0014 8.85 0.0369

NM_001130851 /// 
NM_005192

CDKN3
cyclin-dependent kinase inhibitor 3

1.69 0.0076 4.93 0.0223

Fibrosis
NM_000088 COL1A1

collagen, type I, alpha 1
2.41 0.0023 5.05 0.0909

NM_000089 COL1A2
collagen, type I, alpha 2

2.42 0.0082 2.04 0.3589

NM_000358 TGFBI
transforming growth factor, beta-
induced, 68kDa

1.55 0.0193 1.70 0.0106

Cell adhesion, macrophages and chemotaxis
NM_004887 CXCL14

chemokine (C-X-C motif) ligand 14
2.18 0.0171 2.02 0.5412

NM_001040059 /// 
NM_001251

CD68
CD68 molecule

1.47 0.0342 3.30 0.1685

NM_003842 /// 
NM_147187 /// 
NR_027140

TNFRSF10B
tumor necrosis factor receptor 
superfamily, member 10B

1.27 0.0198 21.08 0.0055

NM_001066 TNFRSF1B
tumor necrosis factor receptor 
superfamily, member 1B

1.24 0.0227 9.90 0.0342

NM_016639 TNFRSF12A
tumor necrosis factor receptor 
superfamily, member 12A

1.73 0.0136 25.07 0.0142

NM_003807 /// 
NM_172014

TNFSF14
tumor necrosis factor (ligand) 
superfamily, member 14

1.40 0.1298 27.60 0.0234

NM_001136528 /// 
NM_001136530 /// 
NM_006216

SERPIN2
serpin peptidase inhibitor, clade E 
(nexin, plasminogen activator inhibitor 
type 1), member 2

1.93 0.0156 36.01 0.0026

Ethanol metabolism
NM_145740 GSTA1

glutathione S-transferase alpha 1
-3.28 0.0058 -24.51 0.0186

NM_000767 CYP2B6
cytochrome P450, family 2, subfamily 
B, polypeptide 6

-3.43 0.0002 -15.40 0.0002

NM_000771 CYP2C9
cytochrome P450, family 2, subfamily 
C, polypeptide 9

-2.15 0.0050 -2.20 0.0055

Line missing
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Table 2 (continued)

Accession number Gene name Affymetrix fold 
expression

p value Nanostring fold 
expression

p value

Wnt signalling
NM_003502 /// 
NM_181050

AXIN1
Axin 1

1.16 0.0496 32.86 0.0010

NM_012193 FZD4
Frizzled homolog 4 (Drosophilia)

2.77 0.0000 321.75 0.0000

NM_003882 /// 
NM_080838

WISP1
WNT1 inducible signaling pathway 
protein 1

1.23 0.0102 4.16 0.0686

NM_004626 WNT11
wingless-type MMTV integration site 
family, member 11

1.85 0.025 5.18 0.0354

Others
NM_003122 SPINK1

serine peptidase inhibitor, Kazal type 1
6.84 0.0053 82.92 0.0076

NM_002354 EPCAM
epithelial cell adhesion molecule

-2.54 0.0185 -7.73 0.1513
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Fig. 3. Correlation between cytokeratin 7 (K7) expression surface on the
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up. The same correlation was found between liver cytokeratin 7 expression and
INR both at week 0 (C) and week 4 (D) of follow-up.

JOURNAL OF HEPATOLOGY
exposed to liver related complications due to incomplete liver
function recovery. This state of extreme vulnerability is in part
associated with insufficient liver regeneration [40] and repair
processes, resulting from several factors including the presence
of parenchymal inflammation and cell injury, recent exposition
to alcohol [41] and replicative senescence of hepatocytes in the
setting of advanced cirrhosis [8]. For these reasons,
pro-regenerative strategies including the use of growth factors
alone [22,23] or in combination with bone marrow SCT [19] have
been tested and associated with a significant [22] or no [19,23]
improvement in clinical and biological endpoints. In addition,
efforts have been made to better predict the prognosis of AH,
either by using biological [42], imaging [43] or histological [4]
Journal of Hepatology 201
parameters. Accordingly, histological severity of cholestasis
[4,5] and percentage of hepatocyte loss [44] have been associated
with a poor outcome. However, the intensity of lobular inflam-
matory infiltration has been associated with improved
short-term survival [4].

Here, we first determined histological and gene expression
changes in AH patients vs. alcoholic cirrhosis. These results are
in line with previous studies comparing AH and control liver
showing an upregulation in some inflammatory, metabolic and
profibrotic genes in AH [45]. In addition, we present here histo-
logical data on CD68 expansion in AH together with K7 and
K7+Ki67+ infiltration in this situation compared with abstinent
cirrhosis.

Secondly, we determine for the first time a different short-term
outcome according to baseline histological features and hepatic
gene expression profile in AH. According to our analysis, impro-
vers demonstrate a significant expansion of liver macrophages
and a high number not only of proliferating hepatocytes but also
of proliferating LPC on liver tissue obtained shortly after admis-
sion. We characterized improvers as patients alive with a MELD
decrease of 3 points or more at three months, which is for us a
meaningful surrogate marker of outcome [19]. Other baseline
and dynamic models are currently under investigation [46].
When applying another more restrictive criterion (90-day mortal-
ity) as evaluated in another study [18], we also found a significant
increase in proliferative LPC and hepatocyte number in patients
alive compared to patients who died during this three month
follow-up (Supplementary Table 5). Hepatic gene expression pro-
file also differentiates improvers from non-improvers. A signifi-
cant upregulation of genes involved in cell cycle, mitosis and
proliferation pathways, as well as a high expression of SPINK1
was found in AH patients as compared to controls. In addition,
the level of expression was significantly higher in improvers as
compared to non-improvers. Initially named tumor-associated
trypsin inhibitor or pancreatic secretory trypsin inhibitor,
SPINK1 is expressed in many cancers including hepatocellular car-
cinoma and functional study reveals that overexpression of this
liver acute-phase reactant protein [47,48] is associated with cell
proliferation [49]. High SPINK1 expression was observed after
5 vol. 63 j 609–621 617
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Research Article
partial hepatectomy in mice, concurrent with hepatocyte prolifer-
ation and Kupffer cell activation. Consistent with the upregulation
of Fn14 reported in AH [50], we observed a significantly higher
gene expression in improvers compared to non-improvers. The
interaction between Fn14 and TWEAK is important to promote
LPC expansion and liver regeneration, as reported in animal stud-
ies [24,51]. However, the stable TWEAK serum level in our
patients prevents its use as a potential biomarker.

Overall, extensive information gathered from immunohisto-
chemistry, liver gene expression profiling analysis and serum
cytokine levels enabled us to separate subgroups of patients with
AH and distinct proliferation and regenerative capacities. These
618 Journal of Hepatology 201
characteristics translate into different outcomes in terms of liver
function.

Our histological results are in line with previous data in alco-
holic [18,35,36], metabolic [36–38] or viral [34] liver disease,
which showed that high liver total K7 expression parallel disease
severity as assessed by the MELD score. Indeed, LPC are known to
expand from the DR, the intrahepatic stem cell compartment,
into the liver lobule when mature hepatocytes are not able to
bring full regeneration following severe injury [52], particularly
in the setting of ACLF [12]. However, here, we observe that base-
line expansion of Ki67+/K7+ cellular compartment is associated
with a favourable outcome, consistent with the contribution of
proliferating LPC in the regenerative and repair processes.
Indeed, some patients from this improvers group present mostly
5 vol. 63 j 609–621
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a high number of proliferative K7 cells, with a low number of pro-
liferative hepatocytes. Furthermore, MELD amelioration at three
months better correlates with baseline proliferative K7 positive
cells than with baseline proliferative hepatocytes (see graphs in
Supplementary Fig. 2). The fact that improvers with high prolifer-
ating K7+ cells do not present any increase in total K7+ cells in
comparison with non-improvers also suggests the putative fur-
ther differentiation of those proliferating K7+ cells into hepato-
cytes (K7�). This proliferative capacity of a subset of K7 LPC
was not analysed in previous studies [18,34,37,38]. The presence
of infiltrating macrophages in an injured liver is not an unex-
pected finding in an inflammatory microenvironment, as macro-
phages participates both to the pro-inflammatory response and
the repair mechanisms [53]. Accordingly, expansion of liver
macrophages closely correlate with LPC response in experimental
chronic liver injury [33]. In our patients, a high number of CD68
positive macrophages (Kupffer cells) coexisted with proliferation
of LPC and resulted in a favourable outcome.
Journal of Hepatology 201
The strength of this study is represented by a large patient
population with AH with a thorough description of clinical, bio-
logical and histological characteristics measured early after hos-
pital admission, extensive hepatic gene expression profile, and
careful follow-up, allowing comparisons between subgroups with
different clinical evolution. Although we acknowledge that our
definition of clinical improvement can be challenged, we believe
it is a meaningful surrogate marker of outcome paving the way
for larger studies that will be required to study survival
outcomes.

In conclusion, this large study in patients with AH and liver
failure identifies LPC proliferation, hepatocyte proliferation and
liver macrophages expansion on baseline liver biopsy as impor-
tant markers of favourable short-term outcome, together with
upregulation of hepatic gene involved in several pathways
including cell proliferation. These data may help to identify
patients with poor regenerative capacities earlier and allow to
target more specifically pro-regenerative pathways in acutely
decompensated ALD.
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