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Abstract. – OBJECTIVE: Alcoholic hepatitis
(AH) is a type of alcoholic liver disorder caused
by overconsumption of alcohol. The involvement
of several transcription factors (TF), as the main
regulators of disease related gene expression
has been documented previously. However, de-
spite the importance of analysis of gene regula-
tory network for understanding the molecular
basis in any disease, so far, there is no report on
construction of such network for AH in human.

MATERIALS AND METHODS: Here, we used
microarray analysis to construct a rather com-
plete gene regulatory network and used it to pre-
dict TFs and pathways that affected by this dis-
ease.

RESULTS: Ten TFs were shown to undergo sig-
nificant alteration in AH. These TFs are AR,
EGR1, MYC, TCF4, ATF3, JUN, FOXO3, STAT1,
HIF1A and EOMES, where ATF3, TCF4 and MYC
are the new TFs with a role in AH. Comparisons
of gene expression profile of patients with those
of healthy persons indicates 820 differentially
expressed (DE) genes. Network analysis indi-
cates that, these ten TFs regulate expression of
516 DE genes (out of 820 genes), by 1057 inter-
actions. Furthermore, we report pathways that
significantly affected by these ten TFs.

CONCLUSIONS: These results may contribute
to our limited understanding of the molecular
basis of AH.

Key Words:
Alcohol consumption, Gene expression profile, Mi-

croarray analysis, Network, Regulatory interaction.

Introduction

Alcoholic liver diseases (ALD) is a chronic
disease in which liver gradually losses its func-
tion. ALD composed of different liver abnormali-
ties including steatosis, fibrosis and cirrhosis. Al-
coholic hepatitis is one of the severe form of
ALD1, originate from overconsumption of alco-
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hol for a long time. Based on World Health Orga-
nization (WHO), annually 2.5 million death oc-
curs due to heavy drinking of alcohol2. Because
of its importance and impacts on human health,
drinking and all disease related to it attract atten-
tions to evaluate cellular and molecular mecha-
nism involved in alcoholic hepatitis.

One aspect of molecular mechanism involved
in any disease is analyzing gene expression pat-
tern in patients and comparing it with healthy
people. Gene expression analysis of AH patients
were reported previously. For example, Seth et
al3 analyzed gene expression profile in AH, alco-
holic steatosis (AS) and normal liver donors.
They found 211 differentially expressed genes
between AH patients and normal liver donors3.
Colmenero et al4 demonstrated that overex-
pressed genes in AH patients mainly have a role
in hepatic fibrogenesis, inflammatory response
and oxidative stress. In addition to all these limit-
ed gene analysis studies, several researchers tried
to put all available gene expression data into
gene regulatory network to gain an overview of
this disease. Huang et al5 investigated protein-
protein network of hepatitis C viruses-human, to
predict biomarkers that can be used for diagnos-
ing hepatocellular carcinoma and liver cirrhosis5.
Wu et al6 analyzed interaction of Hepatitis B
virus with cellular proteins and relationship be-
tween HBV and progression of hepatocellular
carcinoma.

Based on previous studies, some TFs have
been identified in alcoholic hepatitis. Mandrekar
et al7 showed that NFKB, EGR1, STAT1 and AP-
1 are differentially expressed TFs in alcoholic
liver injury. Roman et al8 reported that NFKB
and AP-1 TF activate when hepatocytes treat
with acetaldehyde. Nagy9 states that NFKB TF
activates in exposure to ethanol. Gao10 demon-
strated that in response to alcohol consumption
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Kuppfer cell produce anti hepatoprotective inter-
leukin 6 (IL-6). IL-6 subsequently activate
STAT3 TF that can protect liver from damage.

However, the majority of the previously re-
ported networks in liver disease, were focused on
different types of hepatitis that caused by viruses
and none contained the gene regulatory network
involved in alcoholic liver disease itself and espe-
cially alcoholic hepatitis. The present study con-
ducted a gene regulatory network analysis for
AH using available microarray data to identify
new TFs that may have a role in this disorder.

Materials and Methods

Microarray Availability and Analysis
Gene expression profile were obtained from

the GEO dataset with GSE accession number
2861911. Raw data were normalized using Robust
Multichip Averaging (RMA) algorithm12 in R
package13. Identification of differentially ex-
pressed (DE) genes has been conducted using t-
test algorithm (two sample student t-test) in
Flexarray software v 1.6.214. Fold changes at 2
and a p-value of 0.05 were set as threshold for
finding DE genes, except for identification of
transcription factors that fold change 1.5 was
used. HG-U133_Plus_2.na33.annot file was used
for transformation of transcript ID to gene sym-
bol. This file was obtained from Affymetrix web-
site (www.affymetrix.com).

Functional Annotation and
Clustering of DE Genes

We have used DAVID (The Database for An-
notation, Visualization and Integrated Discovery)
v.6.7 database to annotate DE genes15,16. DAVID
categorizes genes in specific clusters, where a
unique enrichment score would dedicate to each
cluster. Clusters with enrichment scores higher
than 1.3 would contain the most significantly al-
tered genes.

Transcription Factor Binding
Sites and Construction of
Gene Regulatory Network

ChEA is a database in which interactions of
proteins with DNA have been deposited17 and in-
cludes data obtained from ChIP-chip, ChIP-seq,
ChIP-PET and DamID techniques. Browsing
ChEA database for our DE genes resulted in iden-
tification of TFs that regulate these genes. A p-val-
ue of less than 0.05 applied. Protein-protein inter-

actions were obtained from BioGRID database, a
database that contains valid interactions of pro-
teins18. Combined interactions of proteins-DNA
and proteins-proteins were loaded into Cytoscape
v 2.8.3 to construct and visualize network19.

Identification of Cellular Process
Affected by Transcription Factors in
Gene Regulatory Network

Ontology of network that lead to identification
of the affected process in alcoholic hepatitis done
using ClueGO20 and Clupedia21 plug-ins in Cy-
toscape v 3.0.1.

Identification of Central Genes and Active
Modules in Gene Regulatory Network

Central genes in main network were found us-
ing CentiScaPe plug-in in Cytoscape v 2.8.322.
CentiScaPe computes centrality parameters for
each network’s node such as Eccentricity, Be-
tweenness, Closeness, Degree and Stress, to de-
tect nodes that have a central role in network.
JActiveModules plug-in was used to extract ac-
tive modules from main network23.

Results

Gene Expression has Been Altered
in AH Patients Liver Cells

Comparisons of microarray data obtained from
healthy liver with those reported for alcoholic he-
patitis samples, resulted in identification of 820 DE
genes. Among these 820 genes, 375 genes are
down regulated while 445 genes exhibit up regula-
tion. The extent of down regulation ranges from 2-
fold changes (TIPARP gene) to 43-fold changes
(CNN2 gene). While from 2-fold changes (LAMC1
gene) up to 183-fold changes (AKR1B10) were ob-
served for up regulated genes.

As expected, the expressions of TFs are much
lower than those observed for other genes. In TFs
down regulated gene list, EOMES, MYC and
FOXO3 show lower than 2-fold decreases in
their expression. While, TCF4, HIF1A and
STAT1 are up regulated by less than 2-fold.

AH Affected Many Important
Cellular Processes in Liver Cells

In order to understand the function of DE
genes, we used DAVID database. Results indi-
cate that oxidation-reduction and electron carrier
activities are the most affected pathways in this
disease. In addition, secreted proteins, signal,
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signal peptide, extracellular region part, disulfide
bond and glycoproteins are classified in the sec-
ond group of cellular processes containing sever-
al DE genes. Yet, genes that are involved in re-
sponse to different stimulus such as response to
hormone stimulus, response to corticosteroid and
glucocorticoid hormones make the third most im-
portant groups of genes. Table I presents three,
five and five terms that are present in the first,
second and third clusters, respectively.

Ten TFs Are Involved in Regulation of
Differentially Expressed Genes

To predict TFs that regulate expression of DE
genes, ChEA database was used. The results
show that ten TFs expressed differentially which
can be potential regulator of our DE genes. AR,
MYC, EGR1, JUN, ATF3, TCF4, FOXO3,
STAT1, HIF1A and EOMES are TFs that identi-
fied in this database. Interestingly, three of them
(MYC, TCF4 and ATF3) are not previously re-
ported and therefore can be considered as new
TFs with a role in alcoholic hepatitis.

TFs Involvement in Affected Process and
Signaling Pathways in AH

To study the pathways that might be affected
in alcoholic hepatitis, we have constructed gene
regulatory network. Interactions for 516 genes,
out of 820 DE genes, were found in the databas-
es, which were used for construction of gene reg-
ulatory network (Figure 1). Biological process
analysis of the components of this network re-
vealed specific pathways and processes that al-

tered in response to alcoholic hepatitis. In our as-
sessment, pathways with 20 % affected genes
were considered for analysis. The results show
that based on the number of genes that are in-
volved in each pathway, DNA biosynthetic
linked processes rank as the first affected path-
way. MYC TF directly has a role in this pathway.
DE genes in this process mainly regulate by
EGR1, TCF4, ATF3, JUN, MYC, AR and EOMES
TFs. Negative regulation of stress-activated
MAPK cascade locates in the second rank. All
TFs except STAT1 and HIF1A have a role in ex-
pression regulation of DE genes of this group. In
other ranks there are the cellular response to cal-
cium ion, organic cation transport, defense re-
sponse to Gram-negative bacterium, fatty-acyl-
CoA metabolic process and triglyceride home-
ostasis (Table II). Interestingly, JUN and its asso-
ciated TF, FOS directly take part in the cellular
response to calcium ion, although we have not
detected FOS in our analysis. The results demon-
strate eight out of ten transcription factors (ex-
cept STAT1 and HIF1A) have a major role in ex-
pression regulation of pathways harboring 20%
or more affected genes.

Among signaling pathways that expression of
4 percent of their members altered, cell surface
receptor signaling pathway with 97 DE genes,
ranked as the first one. Interestingly, TFs that in
network analysis assigned a high score, predomi-
nantly control expression of these 97 DE genes.
AR, MYC, EGR1 and ATF3 TFs show the most
number of target genes among members of this
signaling pathways.

Enrichment Number
Cluster GO term score p-value of genes

Oxidoreductase 11.08 3.18E-15 71
1 Oxidation reduction 11.08 2.93E-11 74

Electron carrier activity 11.08 5.87E-09 34
Signal 10.00 1.24E-14 231
Glycoprotein 10.00 2.07E-09 264

2 Extracellular region part 10.00 1.40E-11 99
Extracellular space 10.00 6.75E-09 72
Disulfide bond 10.00 5.78E-08 187
Response to steroid hormone stimulus 6.88 1.95E-09 33
Response to hormone stimulus 6.88 3.22E-09 48

3 Response to endogenous stimulus 6.88 9.77E-09 50
Response to corticosteroid stimulus 6.88 4.34E-06 17
Response to glucocorticoid stimulus 6.88 1.32E-06 17

Table I. Collaboration of DE genes in affected process of alcoholic hepatitis based on DAVID database analysis.

In this table part of results of DAVID clustering annotation presented. For the full list of clusters and terms see Supplementary
Table III.
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Figure 1. Gene regulatory network in alcoholic hepatitis. Protein-DNA interactions and Protein-Protein interactions are
shown using blue and red edges, respectively. Arrows indicate the direction of protein-DNA and Protein-Protein interactions.

*Terms ordered based on number of genes that take part in each term.

% of
GO term* DE genes p-value Genes

DNA biosynthetic process 20.58 7.98E-05 CDKN1A, DTL, HGF, MYC, PCNA,
PDGFA, SIRT1

Negative regulation of stress-activated 24 1.05E-04 DUSP10, F2RL1, FOXO1, GSTP1,
MAPK cascade MYC, NCOR1

Cellular response to calcium ion 24 1.05E-04 CAPN3, FOS, FOSB, HTR2B,
JUN, JUNB

Organic cation transport 20 3.09E-04 ACACB, AQP1, SLC12A2, SLC22A1,
SLC22A18, SLC47A1

Defense response to Gram-negative bacterium 23.80 4.23E-04 F2RL1, IL6R, LBP, MMP7, SERPINE1
Fatty-acyl-CoA metabolic process 22.72 5.33E-04 ACLY, DGAT2, ELOVL1,

ELOVL7, GCDH
Triglyceride homeostasis 21.73 6.64E-04 APOA5, DGAT2, LPL, MLXIPL, SIRT1

Table II. The most affected process in alcoholic hepatitis during gene regulatory network analysis.
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Central Role of Some TFs in Alcoholic
Hepatitis Gene Regulatory Network

Network analysis without considering biologi-
cal function is able to highlight the important
genes among our list of detected DE genes. To
this end, centrality parameter analysis was con-
ducted for the components of the constructed
gene regulatory network. Centrality parameters
including Betweenness, Closeness, Eccentricity,
Degree, Centroid and Stress applied to all genes.
Centrality parameters analysis results in detec-
tion of some genes as central components and
key regulators of the main network, however our
main goal was ranking TFs. Results obtained for
each centrality parameter analysis presented in
Table III. Betweenness algorithm, rank AR,
MYC, JUN, EGR1, ATF3, TCF4, FOXO3,
STAT1, HIF1A and EOMES as the first to tenth
most important genes in network, respectively.
Here, AR has shown the highest value compared
to all other TFs studied. However, other centrali-
ty algorithms, classified TFs in relatively differ-
ent orders. Taking an average from results of
ranking of all six algorithms, results in the over-
all ranking of TFs in the network (Table III).

EGR1 Appears to be the
Most Important TF in Alcoholic
Hepatitis Gene Regulatory Network

Biological networks usually made from small
modules, therefore, analysis of these modules
can simplify overall understanding of any net-
work. In this study, five modules, showing high-
est score, were extracted from the gene regulato-
ry network. The first and second modules contain
two nodes. In these modules, EGR1 exhibits al-
teration in alcoholic hepatitis (Figure 2). While,
the third module contains 83 nodes and 143 in-

teractions, where AR, EGR1, TCF4, ATF3,
FOXO3 and STAT1 TFs are involved. The fourth
and fifth modules contain only two nodes, where
EGR1 is present in these modules (Figure 2).

Discussion

In the current study, gene expression profile as
well as gene regulatory network of alcoholic he-
patitis patients were analyzed, to find new DE
TFs in alcoholic hepatitis.

We have identified ten transcription factors
with differential expression pattern. Our results
are in good agreement with those reported by
Mandrekar et al7, where they found NFKB, AP-1,
EGR1 and STAT1 TFs as DE TFs in alcoholic liv-
er disease. Our list of DE TFs contains EGR1,
STAT1 and JUN (part of AP-1 complex). Howev-
er, we could not detect NFKB as DE TFs. The
role of these TFs in cellular processed related to
development of AH have been discussed here.

Androgen receptor (AR), is a TF involved in
many hormone related cancers, including lung,
kidney and liver cancer. In liver cancer, AR pro-
motes proliferation of hepatocellular carcinoma
cell, while at the same time suppresses apoptosis
in tumor cells24. AR knockout mice showed in-
creased rates of developing hepatic steatosis, in
part because of decreases in fatty acid, beta oxi-
dation and increases in de novo lipid synthesis25.
In this study, we found that expression of AR
down regulated, while, in accordance with earlier
reports in alcoholic hepatitis patients, metabo-
lism of fatty acids have been affected.

Kuppfer cells in the liver produce inflammato-
ry compound such as tumor necrosis factor in re-
sponse to long-term exposure to ethanol. Interest-

Gene Out Overall
symbol Betweenness Closeness Eccentricity Centroid degree Stress Score* rank

AR 1 1 1 2 1 1 1.16 1
MYC 2 3 2 2 3 2 2.33 2
EGR1 4 2 4 2 2 5 3.16 3
JUN 3 5 3 2 6 3 3.66 4
ATF3 5 6 5 2 5 4 4.5 5
TCF4 6 4 6 2 4 6 4.66 6
FOXO3 7 10 7 2 8 8 7 7
STAT1 8 8 8 2 9 7 7 7
HIF1A 9 7 9 2 10 9 7.66 8
EOMES 10 9 10 1 7 10 7.83 9

Table III. Ranking of ten transcription factors based on centrality analysis.

*Score of each gene obtained by taking an average from results of all six algorithms.
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ingly, it has been shown that EGR1 transcription
factor can regulate production of such com-
pounds26. Unexpectedly, we found expression of
EGR1 has been decreased in alcoholic hepatitis.
In two separate studies, Nath et al27 and Nishiya-
ma et al28 showed that in mice, chronic alcohol
consumption causes accumulation of triglyceride
plus hypoxia stress in the liver and subsequently
up regulation of hypoxia-inducible factor 1 alpha
(HIF1A) that may regulate Lipo-regulatory genes
in the liver. Here, we showed that expression of
this gene was up regulated in alcoholic hepatitis
condition, indicting a good consistency with
aforementioned reports.

FOXO3 TF is a member of FoxO family genes
that have a role in multiple cell process, includ-
ing cell death, cell cycle, DNA damage repair
and especially the oxidative stress response.
Tikhanovich et al29 and Tumurbaatar et al30 re-
ported that alcohol consumption in mice increas-

es the expression level of FOXO3 gene. Up regu-
lation of FOXO3 expression prevents liver from
injury by activating antioxidant responses. How-
ever, Ni et al31, confirming previous results,
found that an increase in FOXO3 expression,
correspond to rather acute alcohol consumption.
They showed that in mice with FOXO3 knock-
down, alcohol administration results in appear-
ance of liver injury. Whereas, it seems continues
intake of alcohol decreases the expression of
FOXO3, and subsequently, increases the chance
for developing liver injuries such as alcoholic he-
patitis.

The EOMES TF takes part in maturation of
natural killer cell in combination with T-bet
gene32. In alcoholic hepatitis patients, we found
that the expression of EOMES decreased, where
this decrease may suggest an incomplete matura-
tion of natural killer cells, increasing the risk of
exposure to different pathogens.

Figure 2. The network of extracted modules from main network. Protein-DNA and Protein-Protein interactions represented
by blue and red edges, respectively. Arrows indicate the direction of protein-DNA and Protein-Protein interactions.
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The most interesting contribution of the cur-
rent study is identification of three new TFs,
ATF3, TCF4 and MYC, which have not been de-
scribed previously. Among these three TFs, MYC
directly has a role in the pathways that expres-
sion of their member altered 20 percent; e.g., in
regulation of MAPK cascade. But TCF4 and
ATF3, by regulating expression of other genes,
indirectly have a role in these cascades, so it
seems MYC has a more important function than
the other two TFS.

Combined results obtained from the network
analysis (centrality parameters and modules)
highlight importance of the AR, EGR1 and ATF3.
Centrality parameters ranked AR, MYC, EGR1,
JUN, and ATF3 as five most important TFs in the
main network. Consequently, modules analysis
revealed the presence of AR, EGR1 and ATF3
proteins in the 5 top modules. Importantly, EGR1
is present in all five modules, whereas AR and
ATF3 present only in the third module. Surpris-
ingly, although STAT1, FOXO3 and TCF4 ranked
as sixth and seventh important TFs, they are only
present in third module.

Negative regulation of the stress activated
MAPK cascade was identified as one of the path-
ways which significantly altered in alcoholic he-
patitis. There are many reports that show the ef-
fects of alcohol consumption on the function of
MAPK cascade in different cell types33,34. Here
we show that all of TFs (except STAT1 and
HIF1A) that predicted in alcoholic hepatitis have
a role in regulation of member of this signaling
cascade. Alcohol abuse increases entrance rate of
gut bacterial to hepatic portal, so lipopolysaccha-
ride of the outer cell wall of Gram negative bac-
teria can motivate defense response to these bac-
teria and activates Toll like receptor 4 and its de-
rivatives and MAPK cascade35.

Conclusions

In the current study, we have studied gene ex-
pression profiles of alcoholic hepatitis patients
and constructed transcriptional regulatory net-
works for the DE genes. Analysis of gene regula-
tory network results in identification of ten tran-
scription factors that may have a role in progress-
ing alcoholic hepatitis. AR, EGR1, JUN, FOXO3,
STAT1, EOMES, HIF1A directly have a role in
alcoholic liver disease and alcohol metabolism.
However, here we showed that these TFs may be
important in progressing alcoholic hepatitis. But

we do not find any report that demonstrates a
role for ATF3, TCF4 and MYC in alcoholic he-
patitis. In this study, we unravel the potential role
of ATF3, TCF4 and MYC in alcoholic hepatitis.
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