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Alcohol induced liver injury has been studied extensively. Using literature search and bioinformatics tools,
the present study characterizes the genes involved in alcohol induced liver injury. The cellular and metabolic
processes in which genes involved in alcohol induced liver injury are implicated are also discussed. The genes
related to alcohol induced liver injury are also involved in affecting certain molecular functions and metab-
olism of drugs, besides being associated with diseases. In conclusion, the changes in regulation of genes im-
plicated in alcohol induced liver injury apart from causing alcohol mediated hepatic dysfunction may affect
other vital processes in the body.
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1. Introduction

Alcohol induced liver injury is a well documented pathophysiolog-
ical condition (Aziz-Seible et al., 2011; Lu and Cederbaum, 2008; Nath
etal., 2011). Alcohol mediated induction of fatty liver may lead to sub-
sequent development of hepatitis and cirrhosis (Bird and Williams,
1988; Seth et al., 2011). Several mechanisms through which alcohol
predisposes liver to injury include increased oxidative stress, increase
in pro-inflammatory cytokines, activation of anti-survival pathways
and downregulation of anti-inflammatory and pro-survival genes
(Aroor et al., 2010; Mandal et al., 2010; Miller et al., 2011; Pang et al.,
2009; Seth et al.,, 2011; Wu and Cederbaum, 2009).

Alcohol mediated liver injury may involve changes in regulation of
specific genes or gene transcripts i.e. certain genes which are detri-
mental for the normal structure and function of liver are upregulated
and genes required for proper functioning of liver cells are down reg-
ulated (Anstee et al., 2011; Mandrekar, 2011). In a few instances, the
‘good’ genes are upregulated as protective machinery for the cell to
survive against the alcohol insult. However, the overall picture is
that of ‘bad’ genes being the key mediators of the harmful effects of
alcohol and the ‘good’ genes are unable to mitigate the alcohol initiat-
ed downhill process of cell injury and death. The present study uses a
bio-informatics based approach to characterize the various aspects of
genes involved in alcohol mediated liver injury.
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2. Methods

Pubmed search for the terms ‘alcohol, liver, genes’ yielded 1323
results. We selected 75 references involving almost 85 genes. Since
a large number of studies in literature have documented alcohol me-
diated liver injury, the study has been limited to certain specific alco-
hol regulated genes which have been extensively studied in this
context or have very profound implications on the occurrence of alco-
hol induced liver injury.

The human homologues of the genes expressed in the rodent an-
imals were selected from the database of Human Gene Nomenclature
Committee. Further, the ToppFun bioinformatics tool was used to
study the various parameters. Sixteen diseases in which alcohol regu-
lated hepatic genes were observed and all of them were significant.
The database search yielded 1206 drugs which are metabolized by al-
cohol responsive genes in liver, 586 drugs were significant and 83
drugs have been represented. A list of 569 metabolic processes cata-
lyzed by alcohol responsive genes in liver was observed, of which
314 were significant and 50 metabolic processes are represented. Al-
cohol regulated genes in liver were found to exhibit 48 molecular
functions but 9 were insignificant. Alcohol regulated hepatic genes
were found to metabolize 30 biological pathways, of which 21 were
significant. Bonferroni's method was used to analyze the significance
of the bioinformatics data and p<0.05 was considered to be
significant.

3. Results

3.1. Pubmed search

The alcohol regulated hepatic genes or gene products i.e. proteins
selected from Pubmed references with their specific actions and
changes in regulation due to alcohol exposure are listed in Table 1
and Supplementary Table S1. The hepatic genes or gene products i.e.
proteins with changes in regulation due to alcohol exposure can be
broadly classified into following groups: genes/proteins implicated
in alcohol metabolism; genes/proteins involved in oligosaccharide
synthesis and degradation; stress response genes/proteins; genes/
proteins involved in fatty acid metabolism; genes/proteins involved
in glucose metabolism; genes involved in heme synthesis and degra-
dation; genes involved in fibrin synthesis and degradation; genes in-
volved in lipid metabolism; anti-apoptotic genes/proteins; genes
involved in cancer progression and development; genes encoding an-
tioxidants; genes involved in inflammation; calcium responsive
genes; genes involved in cellular growth; genes encoding for Inter-
leukins; genes/proteins involved in immune responses; genes in-
volved in extracellular matrix degradation; genes involved in
methionine metabolism; genes involved in signal transduction;
genes involved in energy metabolism; genes involved in protein me-
tabolism and genes/proteins involved in DNA repair. The results of
gene ontology analysis of genes implicated in alcohol induced liver
injury are diagrammatically represented in Fig. 1.

3.2. Disease analysis

Genes mediating alcohol induced liver injury showed varied asso-
ciation with other diseases (Table 2 and Supplementary Table S2).
Genes implicated in alcohol induced liver injury showed maximal
association (>80%) with pathophysiological conditions such as os-
teoporosis; oral submucosal fibrosis; squamous cell carcinoma, and
fever. Genes implicated in alcohol mediated liver injury showed >
60% but <80% association with diseases such as breast, stomach, uri-
nary bladder and prostrate neoplasms, experimental liver cirrhosis,
and sepsis.

Diseases in which genes implicated in alcohol induced liver injury
showed moderate association (>50% but <60%) include pulmonary
fibrosis, lung neoplasms, and multiple myeloma, and least association
(<50%) was observed in sciatic neuropathy.

3.3. Drug metabolism

Among the list of selective drugs that are metabolized by genes
implicated in alcohol induced liver injury, most of them could be
broadly classified into anti-inflammatory, antibiotics, or anti- can-
cer drugs (Table 3 and Supplementary Table S3). The drugs which
are metabolized by >80% of alcohol related hepatic genes among
the total list of the genes involved in the metabolism of the specif-
ic drug, include the wide spectrum antibiotics erythromycin esto-
late and puromycin, drug used for treatment of chronic
alcoholism-disulfiram, anti-inflammatory drugs sulfasalazine,
5-aminosalicylic acid and luteolin, anti-bacterial drugs tetracycline
and cephaloridine; antidote for methanol or ethylene glycol
poisoning  fomepizole, neuroprotective agent edaravone,
cholesterol lowering agent ezetimibe, anti-diabetic drug rosiglita-
zone, anti-cancer drugs ursolic acid, 17-N- Allylamino-17-
demethoxygeldanamycin and cyclophosphamide, anti-fungal and
anti-hypertensive drug staurosporine, analgesic and antipyretic
drug acetaminophen, lipid lowering drug bezafibrate, anti-
tuberculosis drug isoniazid, antihypertensive drug amlodipine and
psychostimulant amphetamine.

The list of drugs metabolized by >60% but <80% alcohol specif-
ic hepatic genes among total genes specific for each drug include
the drug used for treatment of myelodysplastic syndrome decita-
bine, anticancer drugs farnesol, docetaxel, bexarotene and bleo-
mycin, antiretroviral ritonavir, drug for treating multiple
myeloma- bortezomib, drug for treatment of hypertension and
congestive heart failure- amiloride, anti-diabetic pioglitazone,
drug for intermittent claudication- pentoxifylline, anti-rheumatic
agent auranofin, anti-inflammatory agents berberine and 5-
aminosalicylic acid, the immunosuppressant neoral, lipid lowering
agent simvastatin, cholesterol lowering agent rosuvastatin, drug
used for treatment of progeria ionofarnib, antithyroid drug methi-
mazole, and antimalarial drug chloroquine.

The drugs which are metabolized by >50% but <60% of alcohol re-
lated hepatic genes among the total list of the genes involved in the
metabolism of the specific drug, include antifungal antibiotic
trichostatin A, opiate analgesic morphine, phosphodiesterase inhibi-
tor dibutyryl cyclic AMP, drug for hypertension and congestive
heart failure quinapril, anti-inflammatory drug naproxen and anti-
hypertensive drugs valsartan and irbesartan.

3.4. Metabolic processes

Table 4 and Supplementary Table S4 show the list of genes impli-
cated in alcohol mediated liver injury which are also involved in
metabolic pathways. The metabolic pathways in which >80% of alco-
hol related hepatic genes among the total list of the genes involved
are implicated include regulation of ketone metabolism, positive
regulation of catabolism, chemokine production and its regulation
and ER-nucleus signaling pathway.

The metabolic pathways in which >60% but <80% of alcohol relat-
ed hepatic genes among the total list of the genes involved are impli-
cated include cellular carbohydrate metabolism, positive regulation
of protein and RNA metabolism, protein oligomerization, fat cell dif-
ferentiation, regulation of DNA binding, transcription from RNA poly-
merase II promoter and its regulation, lipid, fatty acid and
monocarboxylic acid catabolism, DNA-dependent positive regulation
of transcription, regulation of fatty acid metabolism, drug response
reactions, positive regulation of developmental processes or cytokine
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