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Introduction

According to the World Health Organisation, morbidity 
attributable to heavy alcohol drinking in developed 
countries accounts for 10.3% of disability adjusted life years 
and comes second only to that of tobacco (11.7%) (1). The 
enormous disease burden has an economic impact of about 
125 billion Euros annually in Europe, accounting for 1.3% 
of the gross domestic product. Alcoholic liver cirrhosis is 
responsible for 70-80% of the directly recorded mortality 
from alcohol (2). 

Alcoholic liver disease (ALD) comprises a continuum 

of partly overlapping liver lesions with steatosis in nearly 
all drinkers, necroinflammation and progressive fibrosis in  
10-35% of alcoholics, and liver cirrhosis in approximately  
10-15% of heavy drinkers (3). Thus, only a minority of 
drinkers develop severe liver disease suggesting disease 
modifiers which determine an individual’s risk to progress 
to significant liver disease when drinking. Several lines of 
evidence suggest that—besides the patterns and amount 
of alcohol consumption, liver-related comorbidities and 
obesity—genetic factors contribute significantly to the liver 
phenotype in drinkers: (I) women are more susceptible for 
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ALD than men when exposed to similar amounts of alcohol (4);  
(II) Hispanics are more prone to developing ALD than 
Blacks and Whites (5); (III) twin studies demonstrate that 
monozygotic twins have a higher prevalence of alcoholic 
cirrhosis than dizygotic twins (6,7). In the past 30 years, these 
observations and the emerging availability and declining 
costs of genoytping have precipitated an avalanche of genetic 
studies attempting to identify genetic factors associated 
with ALD particularly cirrhosis (8). While most putative 
associations did not pass proper scrutiny or independent 
replication, a genetic polymorphism in the gene coding for 
patatin-like phospholipase domain-containing 3 (PNPLA3; 
adiponutrin; rs738409 C/G, M148I) was first found to 
associate with hepatic fat content in patients with non-
alcoholic fatty liver disease (NAFLD) by means of a genome-
wide case control study (9), and subsequently also identified 
as a risk factor for alcoholic cirrhosis and lesser degrees of 
ALD (10). Since then, additional genetic studies in humans 
have been published on the same issue, and experimental 
insight has been generated to elucidate the biological 
implications of PNPLA3 function and genetic variation 
thereof.

The present review aims to summarize the essential 
knowledge published so far, and to draw possible lines of 
future research to make use of the revelations made on this 
important host genetic modifier of alcoholic liver injury.

PNPLA3 variation: genetic studies in human 
alcoholic

After the initial two genetic case control studies on an 

association of the single nucleotide polymorphism PNPLA3 
rs738409 with hepatic fat content in patients with NAFLD, 
and with ALD, several candidate gene case control studies 
investigating PNPLA3 rs738409 were published, yielding 
similar conclusions and confirming this association. 
Altogether, ten case control studies have been published 
with a total of 3,495 patients with ALD of which 2,087 
had cirrhosis, compared to 5,038 controls of which 4,007 
were healthy subjects and 1,031 active alcoholics without 
evidence of ALD. Major study details and calculated odds 
ratios (OR) are listed in Table 1. 

In the first study in ALD, Tian et al. investigated a possible 
relationship between PNPLA3 variation and ALD using 
17 variants within PNPLA3 and a panel of 306 ancestry-
informative SNPs in a mixed European and Native American 
(Mestizo) population with a history of alcoholism (10). A 
significiant association of PNPLA3 rs738409 GG with cirrhosis 
(OR =2.25, P=1.7×10−10) was detected which remained 
significant after correcting for ancestry (adjusted OR =1.45, 
P=2.8×10−3). 

Independent confirmation came from a small study from 
the UK and Australia in which 266 alcoholic cirrhotics 
and 182 heavy drinkers with normal liver laboratory 
and no clinical evidence of significant liver damage were 
included (11). Here, carriership of the PNPLA3 rs738409 G 
allele and GG genotype were also significantly associated 
with alcoholic cirrhosis with similar OR (2.2 and 5.57, 
respectively). Although no information on a possible 
association of PNPLA3 rs738409 with liver enzyme levels 
or Child-Pugh scores was reported, this study selected 
appropriate drinking controls rather than healthy subjects 

Table 1 Studies on PNPLA3 rs738409 GG genotype as a risk factor for alcoholic cirrhosis

Author (reference) Cases Controls OR (95% CI) P

Tian et al. (10) 913 303 1.45 (1.13-1.84)* 2.8×10–3

Seth et al. (11) 266 182 5.57 (1.68-18.43)* 0.0012

Trépo et al. (12) 330 328 1.54 (1.12-2.11) 0.008

Stickel et al. (13) 604 439 2.79 (1.55-5.04)* 1.18×10–5

269 269 (107+162) 4.75 (1.08-20.9)* 0.021

Falleti et al. (14) 166 428 1.76 (1.06-2.92) 0.02

Nguyen-Khac et al. (15) 105 105 2.5 (1.4-4.4) 0.002

Rosendahl et al. (16) 136 1,950 2.3 (1.6-3.3) <0.0001

Dutta (17) 60 100 2.12 (1.29-3.4) 0.037

Way & Morgan (18) 387 744 2.71 (1.53-4.79) <0.001

ORs are provided for cirrhosis vs. alcoholic controls*, if available, and vs. healthy subjects in other instances. OR, odds ratio; CI, 

confidence interval.
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thereby avoiding a pitfall of many previous candidate gene 
case control studies. A similar case control study from 
Belgium included patients with ALD and healthy non-
drinking controls (12). Among ALD patients, 265 had 
cirrhosis and 65 had lesser degrees of liver injury. Again, the 
PNPLA3 rs738409 G allele was significantly more frequent 
in ALD patients than in controls (OR =1.54), and PNPLA3 
rs738409 G was found as the strongest independent 
factor associated with risk of cirrhosis after multivariate 
analysis (OR =2.08). Interestingly, hepatic PNPLA3 mRNA 
expression was significantly lower in patients with more 
advanced fibrosis and negatively correlated with the hepatic 
venous pressure gradient as a surrogate for portal pressure. 

A relatively large study on PNPLA3 variation in alcoholic 
Caucasians from Germany included 1,043 alcoholic cases 
and controls from different German hepatology and 
addiction centres, and an additional population-based 
cohort for independent validation of association (13). The 
PNPLA3 rs738409 G allele was most frequent in alcoholic 
cirrhotics and lowest in drinkers with steatosis and normal 
serum liver enzyme levels (35% vs. 17.7%). The association 
of PNPLA3 rs738409 with ALD was confirmed in the 
independent population-based cohort of drinkers at-risk for 
ALD, and the population-attributable risk from PNPLA3 
rs738409 G was calculated at 26.6%.

Falleti et al. studied 483 cirrhotic patients from Italy 
of whom 166 had alcoholic cirrhosis (14). The PNPLA3 
rs738409 G allele was more frequent in cirrhotics with 
alcoholic and metabolic etiology, and particularly aggregated 
in patients with hepatocellular carcinoma (HCC) with an 
overall OR of 1.76 [95% confidence interval (CI), 1.06-2.92]. 
Of note, this study was the first one pointing to a possible 
role of PNPLA3 variation in the risk of HCC. Another study 
still only available as an abstract addressed the question 
whether there is a role of PNPLA3 in alcoholic hepatitis (15).  
Patients with alcoholic cirrhosis and healthy subjects were 
used as controls compared to cases who were patients 
with severe alcoholic hepatitis defined by the Maddrey’s 
discriminant function threshold of >32. The frequency of 
PNPLA3 rs738409 G allele was not significantly different 
between cirrhotics and those with complicating alcoholic 
hepatitis, but markedly more frequent than in healthy 
controls. However, an intriguing finding of that study 
was that PNPLA3 rs738409 G allele carriers were more 
likely to die of alcoholic hepatitis that those with the C 
allele, providing an example on how genetic findings 
may be translated into important clinical settings. A large 
German/Dutch study in 961 patients with alcoholic chronic 

pancreatitis and 135 patients with alcoholic cirrhosis 
confirmed the overrepresentation of the PNPLA3 rs738409 G 
allele in cirrhotics, but ruled out an association with alcoholic 
pancreatitis, fitting to the organ-specificity of PNPLA3 
expression restricted to liver and adipose tissue (16).  
The only study in Asians stems from India published as 
a single author paper (17). Dutta studied as small set of 
100 healthy controls and 120 alcoholics (60 alcoholic 
noncirrhotics and 60 alcoholic cirrhotics) by genotyping for 
ten SNPs previously reported to be associated with ALD in 
various populations, including PNPLA3. Among these, only 
PNPLA3 rs738409 was associated with alcoholic cirrhosis 
with borderline significance.

Way and Morgan recruited 387 heavy drinkers with 
a history of alcohol abuse of >25 years and liver biopsies 
showing cirrhosis in 206, lower stages of fibrosis in 114, and 
67 who had only mild steatosis (18). In addition, 744 healthy 
controls were also genotyped for PNPLA3 rs738409 to find 
the GG genotype associated with cirrhosis with an OR of 
2.71 (95% CI, 1.53-4.79). A similar finding was obtained 
when comparing all alcoholic patients with healthy controls 
(OR =1.67; 95% CI, 1.00-2.79). An interesting additional 
finding in that study fitting to the observation made in the 
erlier French study (15) was that carriers of the PNPLA3 
rs738409 G allele had a poorer intermediate term survival.

Taken together, evidence for an eminent role of PNPLA3 
rs738409 in determining the risk of alcoholic cirrhosis is 
striking, and it seems no surprise to see this confirmed in a 
recent metaanalysis (19).

PNPLA3 variation and HCC

Alcoholics with established cirrhosis who continue to drink 
not only face the likely fate of declining liver function and 
subsequent decompensation, but also a significant risk of 
developing HCC (20). Even in non-drinking alcoholic 
cirrhotics, HCC has an annual incidence of approximately 
1-2% (21). Therefore, current management guidelines 
suggest implementation of screening of alcoholic cirrhotic 
patients by ultrasound every 6-months to detect HCC early 
to allow for curative resection (22,23). Obviously, screening 
efforts and detection rates could be optimized with markers 
which allow for focusing on groups particularly at risk. In 
this regard, PNPLA3 rs738409 could become an interesting 
biomarker.

Several genetic case control studies have addressed this 
issue lately, and a recent meta-analysis has amalgamated 
the conclusions (24). Of all genetic case control studies 
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investigating PNPLA3 rs738409 in HCC, five studies  
(14,25-28) included alcoholic cirrhotics with (cases; n=442) 
and without HCC (control; n=932), showing together that 
the PNPLA3 rs738409 G allele is associated with HCC in 
alcoholic cirrhotics with an OR of 2.20 (95% CI, 1.80-2.67, 
P=4.71×10–15) (Figure 1). The association remained robust after 
correction for the potential confounders age, gender and body 
mass index. Interestingly, the association of PNPLA3 rs738409 
G allele and GG genotype with HCC was particularly strong 
in alcoholics, and less evident, but still significant in chronic 
hepatitis C cirrhosis.

PNPLA3 function

Understanding the physiological function of PNPLA3 
and the effect of the genetic variant encoding for the 
isoleucine to methionine substitution at position 148 of the 
protein (I148M) has been a challenging task for biomedical 
scientists after the genetic association was robustly 
established. With clear and unequivocal genetic associations 
of the PNPLA3 I148M genetic variant found with diverse 
liver disease phenotypes including hepatic steatosis (29), 
necroinflammation (30,31), fibrosis (32,33) and cancer 
(34,35), gaining a deeper insight to its function and the 
functional alterations along with its genetic variation was 
pivotal. In vitro studies using purified PNPLA3 protein  
(36-38) and cell culture models (39-41) and in vivo studies 
(42-46) using genetically modified murine models have been 
performed to understand the molecular basis underlying 
the genetic association. The main questions on this protein 
regarding the liver are: where is PNPLA3 localized inside 

cells and which liver cells express it under which conditions? 
What is PNPLA3’s enzymatic activity? In which metabolic 
pathways is PNPLA3 involved and what substrates are 
metabolized? And finally, what functional change derives 
from the PNPLA3 I148M variant on these features? 

The major findings and the still open questions 
regarding all these aspects are presented from the simplest 
models using purified proteins to the most complex animal 
models. PNPLA3 protein has been related so far to fatty 
acids metabolism, i.e., triacylglycerol hydrolysis. Therefore, 
in a final section we will separately take in exam the 
latest findings regarding a new aspect of PNPLA3 in the 
regulation of retinoid metabolism.

Enzymatic studies using purified human PNPLA3 protein

The human PNPLA3 gene contains a sequence encoding for 
a patatin-like phospholipase domain (47,48). This domain 
characterizes the entire patatin-like protein family and in 
PNPLA3 it contains a serine at position 47 of the amino 
acidic sequence and an aspartate at position 166 (40). Based 
on in silico structural modeling these two amino acids 
constitute a catalytic dyad for phospholipase activity (47). 
This model is consistent with a lipase activity of the protein. 
However, the actual structure of PNPLA3 has never been 
resolved by crystallization or nuclear magnetic resonance 
spectroscopy. Thus, it is of great interest to test the enzymatic 
function of PNPLA3 by using the purified protein based on 
the predicted protein function. Furthermore, the purified 
protein approach offers a very simple model to test the 
enzymatic activity of a protein with virtually no confounders. 

Study OR (95% CI)

Alcoholic liver disease

P

2.20 (1.80-2.67) 4.71×10–15Total

1.00    2.00                        5.00

Falleti et al., 2011

Guyot et al., 2013

Hamza et al., 2012

Nischalke et al., 2011

Trepo et al., 2012

1.64 (0.98-2.73)

2.23 (1.44-3.45)

1.67 (0.96-2.89)

2.68 (1.48-4.85)

2.51 (1.84-3.41)

5.74×10–2

3.05×10–4

6.76×10–2

1.07×10–3

4.30×10–9

Figure 1 Forest plot of the ORs and 95% CIs of studies of the association between PNPLA3 rs738409 G assuming a dominant model 
of inheritance, comparing HCC vs. alcoholic cirrhotics [from (24) with permission]. OR, odds ratio; CI, confidence interval; HCC, 
hepatocellular carcinoma.
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Three different works have demonstrated that the PNPLA3 
protein has triacylglycerol lipase activity (36-38), by 
incubating the purified protein with radiolabeled triolein 
and subsequently measuring the release of radiolabeled oleic 
acid. In two of these works, PNPLA3 has been purified using 
insect cells Sf-9 as expression system (37,38), whereas in one 
case the yeast Pichia pastoris has been used (36). PNPLA3 
has a higher activity on triacylglycerol containing mono-
unsaturated fatty acids as side chains as opposed to saturated 
and poly-unsaturated. Importantly, the three papers show 
PNPLA3 being mainly localized on cell membranes. This is 
consistent with the presence of a predicted trans-membrane 
domain in this protein. In two (36,37) of the three studies 
the activity of the purified PNPLA3 148M mutant protein 
has also been investigated. In these studies the mutation was 
found to drastically reduce the triacylglycerol lipase activity, 
indicating that the isoleucine to methionine substitution at 
position 148 of the PNPLA3 protein causes a loss of function. 
These finding are in line with a possible reduced lipase 
activity of the 148M PNPLA3 causing liver fat accumulation/
trapping, and subsequent lipotoxic liver damage in humans. 

In vitro studies using cell lines 

The human PNPLA3 gene is expressed mainly in the  
liver (49); therefore, most of the in vitro studies on PNPLA3 
function were performed using immortalized hepatic cell 
lines. A common approach used by three independent 
groups (39-41) was based on overexpressing the wild type 
and 148M mutant PNPLA3 protein in hepatic cell lines 
and subsequently examining the effect of the overexpression 
on metabolic features such as lipid accumulation and lipid 
secretion. In a study using the human hepatoma-7 (HuH-7)  
cell line authors could show that the adenovirus-mediated 
acute overexpression of the mutant 148M PNPLA3 induces 
a 2-fold increase in intracellular triacylglycerol content 
measured by thin layer chromatography compared to 
overexpression of the 148I wild type protein (40). This 
difference remained after treatment with Triacsin C, an 
inhibitor of triacylglycerol synthesis, indicating that the 
148M mutation induces a reduction of the hydrolysis rather 
than an increase of triacylglycerol synthesis. In the same set 
of experiments, PNPLA3 localizes on cell membranes and 
lipid droplets, with no differences between the wild type and 
the mutant protein. These results indicate that the amino 
acidic change does not affect the protein binding to the cell 
membranes. The effect of different fatty acids on PNPLA3 
protein stability was examined by using three different fatty 

acids on HuH-7 cells. Palmitic acid, oleic acid and linoleic 
acid, show a stabilizing effect on PNPLA3, thus inducing an 
increase in the protein intracellular content with no effect on 
mRNA expression. Finally, a glucose-dependent regulation 
of PNPLA3 was shown in vitro in HuH-7 cells and human 
hepatocytes (41). Moreover, PNPLA3 mRNA expression 
was up-regulated by glucose and this effect abolished by 
silencing the carbohydrate response element-binding protein 
(ChREBP) with small interfering RNA. Consistently, 
PNPLA3 promoter contains a sequence that binds ChREBP, 
as shown by chromatin immunoprecipitation. The same 
study has also investigated the effect of the 148M mutation 
on intracellular lipid content and confirmed that the 
overexpression of mutant PNPLA3 induces accumulation of 
triglycerides mediated by reduced hydrolysis.

Very recently, HuH-7 cells overexpressing PNPLA3 148I 
and 148M have been used to perform lipidomic analysis 
after incubation with radiolabeled oleic acid or glycerol (50). 
Herein, the wild type but not the mutant protein increases 
the turnover of oleic acid. This finding is consistent with 
data from studies on purified proteins that have identified 
oleic acid as the best substrate for PNPLA3. Furthermore, 
the 148M mutant protein induces accumulation of 
triacylglycerols, but not those newly synthesized. This data 
point out a possible involvement of PNPLA3 in the de novo 
lipogenesisis and are consistent with findings from a study 
in humans, in which carbohydrate overfeeding induced in 
an increase in de novo lipogenesis proportional to increase 
in liver fat content and circulating triacylglycerols 148I wild 
type carriers, but not in 148M mutant individuals (51).

A different approach has been used to study the role of 
PNPLA3 on hepatic very low density lipoprotein (VLDL) 
secretion (39). VLDLs are lipoprotein particles highly 
enriched in triacylglycerol and in fasting conditions nearly 
represent the total amount of circulating triacylglycerols (52).  
VLDLs are secreted by the liver to make lipid species 
available for the peripheral tissues (53). Retention of 
VLDLs in the liver cause increased hepatic fat content (54). 
A possible involvement of PNPLA3 in VLDL secretion 
has been tested by using the hepatic cell line McArdle 
rat hepatoma cells (McA-RH7777). McArdle cells stably 
overexpressing the wild type or the mutant PNPLA3 have 
been generated and used to assess the effect of the 148M 
mutation on intracellular fat content, VLDL secretion and 
triacylglycerol hydrolysis. The stable overexpression of the 
148M mutant PNPLA3 in this model induced increased 
triacylglycerol content due to a reduced hydrolysis and 
coupled with reduced VLDL secretion. This finding has 
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been confirmed in humans by measuring hepatic VLDL 
secretion by injection of stable isotopes across different 
PNPLA3 genotypes. The role of PNPLA3 on VLDL 
composition was shown by a study that identified a 
striking reduction of a specific subgroup of triacylglycerol 
containing unsaturated fatty acids as side chains in carriers 
of the 148M mutant allele (55).

In vivo studies using murine models

Several genetically modified murine models were used 
in vivo to understand the PNPLA3 function. Up to date 
adenovirus-mediated acute overexpression (40), antisense 
oligonucleotide-mediated silencing (56), knock out 
mouse model (43,45), transgenic mouse model (42) and 
knock in mouse model (46) were studied. The first in 
vivo approach to study PNPLA3 function was adenovirus 
mediated-acute PNPLA3 overexpression in mice (40). 
This set of experiments showed that 148M mutant protein 
overexpression increases liver fat content compared to the 
148I wild type overexpression. This finding is consistent 
with the human phenotype. The same result is obtained 
overexpressing non-functional version of the enzyme, the 
S47A, where the catalytic site at position 47 was abolished. 
This indicates that the 148M mutation results in a loss of 
function in vivo.

Transgenic mice overexpressing the sterol regulatory 
element binding protein 1a, 1c or 2 (SREPBP-1a, SREBP-
1c and SREBP2) were used to assess the transcriptional 
regulation of PNPLA3 (49). In all three genetically modified 
mouse model PNPLA3 mRNA is up-regulated. Consistently, 
treatment with an agonist of LXR, an activator of SREBP-1c, 
induces the same effect in wild type mice but does not in mice 
lacking SREBP-1c. Chromatin immunoprecipitation has 
confirmed the presence in the intron 1 of PNPLA3 gene of a 
SREBP-1c binding site. This finding implicates an important 
link between PNPLA3 and the insulin, since SREBP-1c is 
downstream the insulin signaling (56). Another hint of a link 
between PNPLA3 and insulin signaling has been provided 
by a study on rats (55), in which the endogenous Pnpla3 has 
been silenced using antisense oligonucleotides. In these rats, 
PNPLA3 silencing improves insulin sensitivity, possibly via 
reduction in hepatic diacylglycerol content and subsequent 
reduction in hepatic protein kinase Cε activation. A role of 
PNPLA3 in glucose homeostasis is also suggested by a study 
on obese subjects (57) in which carriers of the M mutant 
allele show an increased risk of type 2 diabetes mellitus.

Two independent PNPLA3 knock-out mouse models 

have been generated to study the effect of the absence of 
PNPLA3 in vivo (43,45). Surprisingly, neither showed 
a liver disease phenotype. This may be explained by a 
different role of the protein in mice or by compensatory 
mechanism activated during embryogenesis.

A  t ransgenic  mouse  model  resu l t ing  in  l i ver-
specific chronic overexpression of human wild type 
or mutant PNPLA3 has been generated (42). This 
model confirms that overexpression of the mutant 
PNPLA3 induces liver fat accumulation, especially 
triacylglycerols containing mono-unsaturated fatty 
acids. The more recent and most advanced mouse model 
available for studying PNPLA3 function is a knock-
in mouse model that endogenously expresses the mouse 
148M mutant pnpla3 protein or the S47A variant (46).  
Mice expressing the 148M mutant PNPLA3 develop liver 
steatosis when fed a high sucrose diet. The same happens 
for mice expressing the S47A variant, indicating that the 
I148M mutation is a loss of function. Up to date, this 
mouse model is the one that more closely resembles in 
vivo the human physiology. Although studies have shown 
the protein enzymatic function which is responsible for 
the hepatic lipid accumulation, most questions regarding 
the molecular mechanism underlying the association with 
liver inflammation, fibrosis and cancer are still under 
investigation. 

PNPLA3 and retinoid metabolism

Very recently, a new study opened a new insight on 
PNPLA3 physiological function on retinol storage (58). 
Retinol belongs to the Vitamin A family (59). Retinol is 
stored in lipid droplets within hepatic stellate cells as retinyl 
ester (mainly retinyl palmitate) (60,61). When vitamin A 
is needed for its physiological functions (62), such as the 
vision in the retina (as retinaldehyde) and the tuning of 
more than 500 genes in the liver (as retinoic acid), retinol 
is released from the ester bound with palmitic acid. The 
enzyme responsible for the retinyl hydrolase activity in the 
stellate cells was not known until a recent study identified 
PNPLA3 as this enzyme.

In particular, experiments on primary human hepatic 
stellate cells showed that PNPLA3 is highly expressed and 
synthesized in these cells and that PNPLA3 catalyzes the 
hydrolysis of retinyl esters. The 148M mutation abolishes 
this function resulting in the retention of retinyl palmitate 
intacellularly. In humans the 148M mutation associates with 
reduced circulating levels of retinol binding protein 4 (RBP4), 
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the main carrier of vitamin A in the blood stream (63). 
In relation to chronic liver disease, upon liver injury 

hepatic stellate cells change their phenotype from quiescent 
retinol-storing cells to activated myofibroblast-like cells 
secreting the collagen responsible for liver fibrosis (64). 
During this phenotype change, hepatic stellate cells lose their 
retinol content. It is not known if the retinol loss is a cause, a 
consequence or just a marker of hepatic stellate cell activation 
and liver damage. Finally, the overall role of PNPLA3 in this 
activation process remains to be answered. 

Conclusion and future perspective

In summary, data on PNPLA3 allow for the conclusion 
that PNPLA3 rs738409 GG carriers should be considered 
a genetically defined subpopulation of high risk alcohol-
drinking subjects particularly prone to developing alcohol-
related liver injury with the potential to progress to 
cirrhosis and HCC. Genotype PNPLA3 rs738409 GG is the 
only hereditary factor in the progression of ALD known so 
far, but there are likely additional factors involved fitting to 
the complex genetic background of ALD. What is clearly 
lacking on ALD genetics are data from genome-wide 
analyses similar to what has been generated for NAFLD and 
other chronic liver diseases. Systematic scanning of multiple 
variants would not only help to confirm PNPLA3 rs738409 
as an important susceptibility gene of ALD, but could also 
identify yet unkown genetic variants which influence the 
natural course of ALD. Obviously, knowing the complete 
genetic background of ALD may greatly improve screening 
and counseling of patients who drink. 

Functionally, it has become clear that the PNPLA3 protein 
is an enzyme with lipase activity towards triacylglycerol and 
retinyl esters. The naturally occurring mutation resulting 
into an amino acidic change of the isoleucine to methionine 
at position 148 of the protein determines a loss of function 
of this protein leading to intracellular retention/remodeling/
trapping of lipid species, and subsequently to hepatic steatosis. 
The mechanism underlying the genetic susceptibility to liver 
necroinflammation and fibrosis—although well-established 
by association to disease phenotypes in humans—is still an 
open question, as well as it remains elusive how PNPLA3 
variation impacts functionally on hepatocarcinogenesis 
besides contributing to lipotoxicity.
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