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Abstract: Genome-wide association studies have shown that a non-synonymous single nucleotide polymorphism
characterized by a C-to-G change encoding an isoleucine-to-methionine substitution at amino acid position 148 in
the human patatin-like phospholipase 3 (PNPLA3) gene was found to be associated with non-alcoholic fatty liver
disease (NAFLD) and advanced liver damage. A hospital-based study was conducted to determine the distribution of
PNPLA3 genotypes among patients clinically diagnosed and histologically confirmed with NAFLD and among normal
controls. We also compared the allelic frequencies of PNPLA3 with different ethnic populations. More importantly,
we evaluated the association between PNPLA3 genetic variation and risk of developing NAFLD among Filipinos.
Real-time PCR was performed using the Tagman SNP genotyping assay for rs738409. Nucleotide sequencing was
performed to confirm the PNPLA3 genotypes. Allelic frequencies among normal controls were 0.83 and 0.17 for
the PNPLA3 C and PNPLA3 G alleles, respectively. Calculated frequencies in Hardy Weinberg Equilibrium were 72%
for PNPLA3 C/C, 22% for PNPLA3 C/G, and 6% for PNPLA3 G/G genotype. There is a significant difference in the
distribution of PNPLA3 genotypes between normal controls and NAFLD patients (p = 0.0172). However, there was
no significant association found between PNPLA3 genotypes and risk of developing NAFLD after controlling for pos-
sible confounding effects (p = 0.0574). Allelic frequencies of PNPLA3 among Filipinos were statistically different
from Hispanics, Japanese, and Han Chinese. In conclusion, genetic variation in PNPLA3 rs738409 C>G seems to be
associated with NAFLD among Filipinos. Further studies are needed to replicate our observations in an independent
larger population.
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Introduction substitutes methionine for isoleucine (1148M)

at amino acid position 148 in exon 3, was found

Non-alcoholic fatty liver disease (NAFLD) is an
emerging health concern, with increasing prev-
alence worldwide. Several factors have been
shown to associate with NAFLD such as obesi-
ty, type-2 diabetes, hyperlipidemia, and genetic
variations [1-4]. The prevalence of NAFLD in the
Philippines was approximately 12%. Female
sex, obesity, and diabetes were the character-
istic features found among Filipino NAFLD
patients [5].

Recently, a non-synonymous genetic variation
(rs738409) in the human patatin-like phospho-
lipase domain-containing 3 gene (PNPLA3) that

to be associated with NAFLD among Hispanics,
African Americans, and European Americans
[6-8]. Studies have shown that the G allele (risk
allele) of rs738409 in PNPLA3 gene was associ-
ated with increased propensity of steatosis and
severe fibrosis. Moreover, the PNPLA3
rs738409 C>G genetic variation seemed to pre-
dispose liver fat deposition despite normal
body mass index and absence of dyslipidemia
[9-12].

Human PNPLA3 located at chromosome
220g13.31, also known as adiponutrin, encodes
a 481-residue protein that is expressed in the
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Figure 1. Genotyping of PNPLA3 rs738409 C>G by real-time PCR. Represen-
tative allelic discrimination for cycling A. Green FAM-No Markers (G allele,
homozygous variant) and cycling A. Yellow VIC-Circles (C allele, homozygous
wild-type).
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Figure 2. Genotyping of PNPLA3 rs738409 C>G by real-time PCR. Scatter
graph for cycling A. Green FAM (G allele, variant) and cycling A. Yellow VIC
(C allele, wild-type). Fluorescence was measured at 470 nm (FAM) and 530
nm (VIC). C/C genotype, homozygous wild-type; C/G genotype, heterozygous;
G/G genotype, homozygous variant; none, negative control and no template
control.

141 1148M 155
DR T A (PSR IR [UDUPUPRY IR IR IO
NM_025225.2 GCCTTGGTATGTTCCTGCTTCATGCCCTTCTACAGTGGCCTTATC
A L V C S C F P F Y S G L I

BC065195.1 GCCTTGGTATGTTCCTGCTTCATGCCTTTCTACAGTGGCCTTATC
A L v C s ¢C FIM|P F Y 8 G L I

KF581132.1 GCCTTGGTATGTTCCTGCTTCATGCCTTTCTACAGTGGCCTTATC
A L Vv C s C FIM|P F Y 8 G L I

KF581133.1 GCCTTGGTATGTTCCTGCTTCATCCCCTTCTACAGTGGCCTTATC

A L Vv C s C F P F Y S G L I

Figure 3. Sequence alignment of PNPLA3 rs738409 C>G samples. At the
top, PNPLA3 reference sequences are given (GenBank accession numbers
NM_25225.2, BC065195.1). On the left, the GenBank accession numbers
are shown (this study). The key amino acid associated with isoleucine-to-
methionine substitution (C-to-G change) at position 148 is boxed.

liver, as well as in adipose tissue, and has been
shown to hydrolyze triglycerides [6, 13, 14].
The PNPLA3 1148M substitution results in a
protein loss of enzyme activity.
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The risk to develop hepatic st-
eatosis varies among ethnic
populations with Hispanics ha-
ving a frequency of 45% as co-
mpared with European Ameri-
cans, and African-Americans
having a frequency of 33%
and 24%, respectively [15-
18]. In this study, we investig-
ated the distribution of PNPL-
A3 genotypes among Filipinos
and compared the frequen-
cies with various ethnic popu-
lations. We also evaluated wh-
ether the PNPLA3 rs738409
C>G genetic variation could
play a role in the development
of NAFLD. Understanding the
prevalence of PNPLA3 genetic
variation among various eth-
nic populations could provide
useful information for the imp-
rovement of care of patients
at risk for developing hepatic
steatosis and advanced liver
damage.

Materials and methods
Samples and patients

Thirty-two samples collected
from unrelated patients clini-
cally diagnosed with NAFLD
and 36 normal controls from
January 2012 to December
2013 were analyzed. Study pa-
rticipants were enrolled from
St. Luke’'s Medical Center-
Quezon City. The diagnosis of
NAFLD was based on histopa-
thology. The steatosis grade
and stage of fibrosis were gr-
aded by the pathologists acc-
ording to metavir scoring. The
age and sex of all the study
participants were noted. Body
mass index was calculated ac-
cording to the measured hei-
ght and weight at the time of
recruitment. Peripheral blood

samples were obtained from the study partici-
pants following an overnight fast (12 to 14
hours). Fasting blood sugar, high density lipo-
protein cholesterol, low density lipoprotein cho-
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Table 1. Distribution of PNPLA3 genotypes in normal and

NAFLD patients

Allelic discrimination and scatter plot
analysis were performed using fluo-

NAFLD patients Normal controls

rogenic probes and 5’ nuclease as-

pvalue  say Human PNPLA3 rs738409 is bi-

allelic with three possible genotypes

Genotype N =32 N = 36 N =68
N (%) N (%)
C/Gand G/G 18 (56) 10(28)  28(41) 0.0172
Wildtype C/C 14 (44) 26(72) 40 (59)
b 0.64 0.83
q 0.36 047

as follows: C/C, homozygous wild-
type; C/G, heterozygous; and G/G,
homozygous variant. The allelic and
genotype frequencies of rs738409

Abbreviations: PNPLA3, patatin-like phospholipase 3 gene; NAFLD, non-
alcoholic fatty liver disease; C/G, heterozygous; G/G, homozygous variant;
C/C, homozygous wild-type; p, frequency of allele C; q, frequency of allele G.

lesterol, triglyceride, alanine transaminase,
and aspartate transaminase were measured
using an automated analyzer. The control group
was found to be non-reactive for hepatitis A, B,
C, with normal biochemical tests, and with nor-
mal ultrasound. There were 21 (58%) males
and 15 (42%) females with ages ranging from
21 to 54 years old. The study was approved by
the St. Luke’s Institutional Ethics Review
Committee (Ethics Review Board Reference No.
12-002). All study participants gave written
informed consent prior to enroliment upon
referral to the St. Luke’s Liver Disease and
Transplant Center. All those who were clinically
diagnosed with NAFLD were further requested
to undergo liver biopsy to confirm the diagno-
sis. The benefits, risks and potential complica-
tions were discussed extensively by a medical
team prior to the procedure. Patients who und-
erwent liver biopsy were monitored closely dur-
ing the peri-operative time by the attending
consultant.

Genomic DNA extraction and genotyping of
PNPLAS3 by real-time PCR

The nucleic acid was extracted from peripheral
blood using the QlAamp DNA Blood Mini Kit
(Qiagen, Hilden, Germany) or the Tagman sam-
ple-to-SNP kit (Applied Biosystems, Foster City,
CA, USA) according to manufacturer’s instruc-
tions. The nucleic acid concentration and purity
were measured using the NanoDrop 1000
spectrophotometer (Thermo Fisher Scientific,
Wilmington, DE). All samples were stored at
-20°C until use. Real-time PCR was performed
on the Rotor-Gene Q instrument (hold at 95°C
for 20 sec, followed by 40 cycles of 95°C for 15
sec, and 60°C for 60 sec) with an SNP genotyp-
ing assay for rs738409. Negative controls and
no template controls were included for every
run to ensure the quality of genotyping results.
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were in Hardy-Weinberg Equilibrium
(HWE). Biosafety measures were
observed throughout the conduct of
the study.

Direct nucleotide sequencing of PNPLA3 gene

The TagMan assay was validated by direct
nucleotide sequencing of randomly selected
samples. PCR was performed by using the
sense (5-GCC CTG CTC ACT TGG AGA AA-3)
and antisense (5’-TGA AAG GCA GTG AGG CAT
GG-3’) primers as previously described [18].
PCR was carried out using a gradient thermocy-
cler (G-Storm, Essex, England) at 95°C for 5
min, 35 cycles at 94°C for 30 sec, 55°C for 30
sec, 72°C for 30 sec, and a final elongation at
72°C for 10 min. The amplicons of PNPLA3
rs738409 were purified using the QIAquick PCR
Purification kit (Qiagen, Hilden, Germany) and
sequenced using Big Dye Kit (First BASE
Laboratories, Selangor, Malaysia). Sequence
data were edited and aligned with the refer-
ence sequences from NCBI using BioEdit ver-
sion 7.1.3.0 software.

Nucleotide sequence accession numbers

The GenBank accession numbers of PNPLA3
rs738409 used in the analysis were
NM_025225.2, and BC065195.1. The nucleo-
tide sequences reported in this study have be-
en deposited to NCBI and can be retrieved un-
der GenBank accession numbers KF581132.1
to KF581133.1.

Statistical analysis

Data were analyzed using Epilnfo7, OpenEpi
version 3.01, and EpiTools [19, 20]. The X? test
was used to determine significant differences
in the allelic frequencies as well as to determine
differences in the demographic, clinical, and
laboratory characteristics between NAFLD
patients and normal controls. To compare
means across groups, independent t test was
used. HWE was tested using X? analysis [21]. In
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Table 2. Allelic and genotype frequencies of PNPLA3 rs738409 C>G
reported from various ethnic populations

Allele

Genotype frequency (%)

Table 2 shows the PN-
PLA3 allelic and gen-
otype frequencies am-

Population T cquency pvalue C/C /G G/ orerence ong various populatio-
Filipino 36  0.17 72 22 6 Present study ns and the X* p-values
Italian 179  0.48 NS 66 31 3 [11] resmt.mg from th.e co-

mparison of allelic fre-
Chinese 202 0.31 NS 47 45 8 [22] quenCieS between Fili-
Han Chinese 553 0.34 0.0355 42 a7 11 [23] pinos and other ethnic
Japanese 578 0.44 0.0015 30 52 18 [24] populations. The result
White 328 0.27 NS 55 36 9 [25] among Filipino normal
White 326 0.24 NS 58 36 6 [26] controls was used for
Hispanic 30 050 0.0042 30 40 30 [26] the purpose of compa-
Black 38 013 NS 74 26 0 [26] rison with other popu-
German 162 0.19 NS 64 34 2 [27] lations. Results show-

Abbreviations: PNPLA3, patatin-like phospholipase 3 gene; C/C, homozygous wild-type; C/G,

heterozygous; G/G, homozygous variant; NS, not significant.

this study, the C/G and G/G genotypes contain-
ing the risk allele (G) were grouped together as
the risk genotype and compared with the C/C
genotype. To determine the association betw-
een PNPLA3 genetic variation and risk of devel-
oping NAFLD among Filipinos, univariate analy-
sis using X2 and t test were used. In order to
control for confounding effects of other vari-
ables that may be associated with the risk of
developing NAFLD among Filipinos, multiple
logistic regression was also done. A p-value
value < 0.05 was considered statistically sig-
nificant throughout the analysis.

Results

The PNPLA3 gene was successfully amplified
by real-time PCR in all NAFLD patients and nor-
mal controls (Figures 1 and 2). DNA sequencing
of randomly selected samples showed identical
genotypes (Figure 3). Table 1 shows the distri-
bution of PNPLA3 genotypes among the study
participants. Most individuals were found to be
homozygous for the C/C genotype (72%).
Twenty-two percent were genotyped as C/G,
and 6% were G/G. There is a significant differ-
ence in the distribution of PNPLA3 genotypes
between normal controls and NAFLD patients
(p = 0.0172). The PNPLA3 genotype frequen-
cies were consistent with HWE in the two
groups. The allelic frequencies among normal
controls were 0.83 and 0.17 for the PNPLA3 C
and PNPLA3 G alleles, respectively. Among
NAFLD patients, the allelic frequencies were
0.64 for the PNPLA3 C allele and 0.36 for the
PNPLA3 G allele.
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ed that the allelic freq-
uencies of PNPLA3
were statistically diffe-
rent from Hispanics (p
=0.0042), Japanese (p = 0.0015), Han Chinese
(p = 0.0355) but not with Chinese, White,
Italian, German, and Black populations.

The association of age, sex, body mass index,
blood chemistry, PNPLA3 genotype of normal
controls and NAFLD patients was examined.
There is a significant difference in age distr-
ibution (p £0.001) and PNPLA3 genotypes (p =
0.0172) but not in sex between the two groups
(Table 3). The BMI, FBS, HDL-C, triglyceride, ALT
and AST levels were also found to be significantly
different between normal controls and NAFLD
patients.

Logistic regression was done to control for po-
ssible confounding effect. However, due to the
limited sample size of the dataset, only the
effects of age, BMI, FBS, HDL-C, and triglyceride
were included in the multiple logistic regression
analysis of the association of the PNPLA3 ge-
notype with the risk to have NAFLD. The analysis
showed that BMI (p = 0.0184) and triglyceride
(p = 0.0362) as the factors significantly affec-
ting the risk to have NAFLD. The PNPLA3 ge-
notype turned out to be not significant (p =
0.0574), although somehow near the borderline
(Table 4).

The clinical and biochemical characteristics as
well as histological findings of the 32 NAFLD
patients were also investigated separately. No
associations were found between PNPLA3 ge-
notype and BMI, FBS, HDL-C, LDL-C, triglyceride,
ALT and AST levels. Due to limited sample size,
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Table 3. Clinical and laboratory characteristics of normal

controls and NAFLD patients

Normal control NAFLD patient

mal controls. Other studies reported
that the PNPLA3 allelic frequency among
Italian, German, and Hispanic popula-

Parameters N =36 N =32 p-value tions were 18%, 19% and 50%, respec-

N (%) N (%) tively [11, 26-29]. Our data show that

Age <0.001 allelic frequency of PNPLA3 among

21-40 24 (67) 7(22) tFri]Ii[;ino .no!'tmalfct(;ntrolsdwas :}[7% ar](d

at majority of the study participants

Sejl'm 12(33) 25(78) NS were homozygous (72%) for the C/C gen-

otype. Differences in the allelic and gen-

Male 21(58) 16 (50) otype frequencies may reflect ethnic
Female 15 (42) 16 (50) variety among various races [15, 29].

PNPLA3 rs738409 0.0172

C/G and GG 10 (28) 18 (56) Traditionally, genotyping for single nucle-

c/C 26 (72) 14 (44) otide polymorphism (SNP) has been ana-

Mean (SD) Mean (SD) lyzed by PCR-RFLP an.d visualized on

BMI kg/m? 221(1.8) 2850(6.0) 0.0001 25?;‘?2‘:6(;;rr]’f)'yi“(;yt'?r;”e'dceoles&]:‘;";‘g

, thi ique is time- umi

FBS (me/d) 89.6 (8.5) 109.7(30.7)  0.0012 its sensitivity(?'elies on the quality of the

HDL-C (mg/dI) 58.3(15.3) 44.0(12.9)  0.0001 amplicons, as well as the staining inten-

LDLC (mg/dl) 123.0(28.0) 125.8(41.6) NS sity of the digested PCR products. In this

Triglyceride (mg/dl)  79.7 (48.0) 164.2 (69.0) < 0.0001 study, we have demonstrated that allelic

ALT (U/L) 41.0 (13.4) 84.8(44.3) <0.0001 discrimination for SNP in PNPLA3 rs738-

AST (U/L) 20.2 (6.1) 445 (25.8) <0.0001 409 C>G using 5" nuclease assay with

Abbreviations: BMI, body mass index; FBS, fasting blood sugar; HDL-C,
high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; ALT, alanine transaminase; AST, aspartate transaminase;
PNPLA3, patatin-like phospholipase 3 gene; SD, standard deviation;

NS, not significant.

statistical analyses for the degree of steatosis
and fibrosis were not done. In the group of
NAFLD patients, the results showed that there
were no significant differences between geno-
types, considering the factors that significantly
affect the risk of having NAFLD.

Discussion

Based on current literature, the present study
is the first to have documented the distribution
of PNPLA3 alleles and genotypes among Fili-
pinos, and the first to evaluate the association
between PNPLA3 rs738409 C>G genetic varia-
tion in Filipino NAFLD patients. Previous stud-
ies have shown differences in PNPLA3 geno-
types among various ethnicity and geographi-
cal location of the population. Particularly, the
PNPLA3 allele has been reported at frequen-
cies of 24% among White populations, and 13%
among Black populations. The frequency of
PNPLA3 rs738409 G allele was 0.31 among
Chinese normal controls, 0.24 among Malay
normal controls, and 0.18 among Indian nor-
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fluorogenic probes provides a rapid and
sensitive method for detecting SNP. The
isoleucine-to-methionine substitution at
codon 148 of PNPLA3 was confirmed by
direct nucleotide sequencing. Other hi-
gh-throughput techniques used for SNP
genotyping include iPLEX Sequenom Mass-
ARRAY platform and allele-specific PCR [9, 30].

Several associations of PNPLA3 rs738409 C>G
genetic variations with NAFLD have been repo-
rted [8, 31-35]. This study cannot confirm previ-
ous findings that genetic variation in PNPLA3 is
associated with NAFLD among Filipinos. Univa-
riate analysis showed strong association of the
genotypes with NAFLD. However, after control-
ling for the effects of possible confounding fac-
tors, the significant association could not be
demonstrated. This does not mean that there is
no genetic association between PNPLA3 and
NAFLD. One possible explanation is that the
genetic effect in this study population might be
too small and cannot be demonstrated due to
the limited sample size.

Our study has some other limitations. First, the
study investigated the association between
PNPLA3 genetic variation and NAFLD using
hospital-based participants. Thus, further rese-
arch will be necessary to replicate our obser-
vations in an independent larger population

Int J Clin Exp Med 2014;7(8):2129-2136
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Table 4. Association of PNPLA3 genotype with the risk of NAFLD

Term OR 95% C.l Coefficient S.E Z-Statistic p-value
CG or GG/CC 31.2045 0.8977 1084.6905 3.4406 1.8105 1.9004 0.0574
Age group 4.1483 0.2946 58.4056 1.4227 1.3494 1.0543 0.2917
BMI 2.5475 1.1711 5.5414 0.9351 0.3965 2.3583 0.0184
FBS 1.0569 0.9234 1.2098 0.0554 0.0689 0.8032 0.4219
HDL-C 0.8912 0.7453 1.0656 -0.1152 0.0912 -1.2628 0.2067
Triglyceride 1.0286 1.0018 1.0562 0.0282 0.0135 2.0943 0.0362
Constant * * * -28.6085 11.1006 -2.5772 0.0100

Abbreviations: BMI, body mass index; FBS, fasting blood sugar; HDL-C, high density lipoprotein cholesterol; OR, odds ratio; ClI,

confidence interval; SE, standard error.

considering all other possible confounding
factors that might affect the result. Secondly,
liver biopsies were not performed among nor-
mal controls due to ethical reasons. Lastly, the
possible interactions of the PNPLA3 rs738409
C>G genetic variation and environmental fact-
ors such as tea drinking were not addressed in
this study. Recent studies have shown that the
risk of developing NAFLD in non-tea drinkers
was 3-fold as compared with tea drinkers am-
ong individuals carrying the heterozygous C/G
and homozygous G/G variant genotype [23].

In conclusion, there is a significant difference in
the distribution of PNPLA3 genotypes between
normal controls and NAFLD patients. Allelic
frequencies of PNPLA3 among Filipinos were
statistically different from Hispanics, Japanese,
and Han Chinese. Genetic variation in PNPLA3
rs738409 C>G seems to be associated with
NAFLD among Filipinos. Further studies are
needed to replicate our observations in an
independent larger population.

Acknowledgements

This work was supported by a research grant to
the St. Luke’s Liver Diseases Study Group
(Project No. 12-002j) through the Research
and Biotechnology, St. Luke’s Medical Center-
Quezon City. The authors would like to thank
the clinicians and staff of the St. Luke’s Liver
Disease and Transplant Center for the study
participants enrolled in this study. The authors
would also like to thank Veni R. Liles and Karen
G. Reyes for blood sample collection and stor-
age, as well as Doris G. Aceberos and John
Myko B. Tapia for data encoding.

Disclosure of conflict of interest

None.

2134

Address correspondence to: Michael O Baclig,
Research and Biotechnology, St Luke’s Medical
Center, 279 E. Rodriguez Sr. Blvd, Quezon City
1112, Philippines. Tel: (+63) 723-0101; Fax: (+63)
726-0467; E-mail: mobaclig@stluke.com.ph

References

[1] Angulo P. Non-alcoholic fatty liver disease. N
Engl J Med 2002; 346: 1221-1231.

[2] Chalasani N, Younossi Z, Lavine JE, Diehl AM,
Brunt EM, Cusi K, Charlton M, Sanyal AJ;
American Association for the Study of Liver
Diseases; American College of Gastroentero-
logy; American Gastroenterological Associa-
tion. The diagnosis and management of non-
alcoholic fatty liver disease: Practice guideline
by the American Association for the Study of
Liver Diseases, American College of Gastroen-
terology, and the American Gastroenterological
Association. Am J Gastroenterol 2012; 107:
811-826.

[3] Argo CK, Caldwell SH. Epidemiology and natu-
ral history of non-alcoholic steatohepatitis. Clin
Liver Dis 2009; 13: 511-531.

[4] Anstee QM, Day CP. The genetics of NAFLD.
Nat Rev Gastroenterol Hepatol 2013; 10: 645-
655.

[5] De Lusong MA, Labio E, Daez L, Gloria V. Non-
alcoholic fatty liver disease in the Philippines:
Comparable with other nations? World J
Gastroenterol 2008; 4: 913-917.

[6] Romeo S, Sentinelli F, Cambuli VM, Incani M,
Congiu T, Matta V, Pilia S, Huang-Doran I,
Cossu E, Loche S, Baroni MG. The 148M allele
of the PNPLA3 gene is associated with indices
of liver damage early in life. J Hepatol 2010;
53: 335-338.

[7] Speliotes EK, Yerges-Armstrong LM, Wu J,
Hernaez R, Kim LJ, Palmer CD, Gudnason V,
Eiriksdottir G, Garcia ME, Launer LJ, Nalls MA,
Clark JM, Mitchell BD, Shuldiner AR, Butler JL,
Tomas M, Hoffmann U, Hwang SJ, Massaro JM,
O’Donnell CJ, Sahani DV, Salomaa V, Schadt

Int J Clin Exp Med 2014;7(8):2129-2136


http://www.ncbi.nlm.nih.gov/pubmed/?term=angulo+NEJM+review+article
http://www.ncbi.nlm.nih.gov/pubmed/?term=angulo+NEJM+review+article

(8]

(9]

(10]

[11]

[12]

[13]

[14]

2135

PNPLA3 genetic variation and NAFLD among Filipinos

EE, Schwartz SM, Siscovick DS; NASH CRN;
GIANT Consortium; MAGIC Investigators, Voight
BF, Carr JJ, Feitosa MF, Harris TB, Fox CS, Smith
AV, Kao WH, Hirschhorn JN, Borecki IB; GOLD
Consortium. Genome-wide association analy-
sis identifies variants associated with non-al-
coholic fatty liver disease that have distinct
effects on metabolic traits. PLoS Genet 2011;
7:e1001324.

Kawaguchi T, Sumida Y, Umemura A, Matsuo
K, Takahashi M, Takamura T, Yasui K, Saibara
T, Hashimoto E, Kawanaka M, Watanabe S,
Kawata S, Imai Y, Kokubo M, Shima T, Park H,
Tanaka H, Tajima K, Yamada R, Matsuda F;
Takeshi Okanoue, Japan Study Group of
Nonalcoholic Fatty Liver Disease. Genetic poly-
morphisms of the human PNPLA3 gene are
strongly associated with severity of non-alco-
holic fatty liver disease in Japanese. PLoS One
2012; 7: e38322.

Speliotes EK, Butler JL, Palmer CD, Voight BF;
GIANT Consortium; MIGen Consortium; NASH
CRN, Hirschhorn JN. PNPLA3 variants specifi-
cally confer increased risk for histologic non-
alcoholic fatty liver disease but not metabolic
disease. Hepatology 2010; 52: 904-912.

Tian C, Stokowski RP, Kershenobich D,
Ballinger DG, Hinds DA. Variant in PNPLA3 is
associated with alcoholic liver disease. Nat
Genet 2010; 42: 21-23.

Valenti L, Al-Serri A, Daly AK, Galmozzi E,
Rametta R, Dongiovanni P, Nobili V, Mozzi E,
Roviaro G, Vanni E, Bugianesi E, Maggioni M,
Fracanzani AL, Fargion S, Day CP. Homozygosity
for the patatin-like phospholipase-3/adiponu-
trin 1248M polymorphism influences liver fibro-
sis in patients with non-alcoholic fatty liver dis-
ease. Hepatology 2010; 51: 1209-1217.
Takeuchi Y, lkeda F, Moritou Y, Hagihara H,
Yasunaka T, Kuwaki K, Miyake Y, Ohnishi H,
Nakamura S, Shiraha H, Takaki A, Iwasaki Y,
Nouso K, Yamamoto K. The impact of patatin-
like phospholipase domain-containing protein
3 polymorphism on hepatocellular carcinoma
prognosis. J Gastroenterol 2013; 48: 405-412.
He S, McPhaul C, Li JZ, Garuti R, Kinch L,
Grishin NV, Cohen JC, Hobbs HH. A sequence
variation (1148M) in PNPLA3 associated with
non-alcoholic fatty liver disease disrupts tri-
glyceride hydrolysis. J Biol Chem 2010; 26:
6706-6715.

Finkenstedt A, Auer C, Glodny B, Posch U,
Steitzer H, Lanzer G, Pratschke J, Biebl M,
Steurer M, Graziadei |, Vogel W, Zoller H.
Patatin-like phospholipase domain-containing
protein 3 rs738409-G in recipients of liver
transplants is a risk factor for graft steatosis.
Clin Gastroenterol Hepatol 2013; 11: 1667-
1672.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Romeo S, Kozlitina J, Xing C, Pertsemlidis A,
Cox D, Pennacchio LA, Boerwinkle E, Cohen JC,
Hobbs HH. Genetic variation in PNPLA3 con-
fers susceptibility to non-alcoholic fatty liver
disease. Nat Genet 2008; 40: 1461-1465.
Romeo S, Sentinelli F, Dash S, Yeo GS, Savage
DB, Leonetti F, Capoccia D, Incani M, Maglio C,
lacovino M, O’Rahilly S, Baroni MG. Morbid
obesity exposes the association between
PNPLA3 1148M (rs738409) and indices of he-
patic injury in individuals of European descent.
Int J Obes (Lond) 2009; 34: 190-194.
Krawczyk M, Griinhage F, Zimmer V, Lammert
F. Variant adiponutrin (PNPLA3) represents a
common fibrosis risk gene: Non-invasive elas-
tography-based study in chronic liver disease. J
Hepatol 2011; 55: 299-306.

Santoro N, Kursawe R, D’Adamo E, Dykas DJ,
Zhang CK, Bale AE, Cali AM, Narayan D, Shaw
MM, Pierpont B, Savoye M, Lartaud D, Eldrich
S, Cushman SW, Zhao H, Shulman GlI, Caprio
S. A common variant in the patatin-like phos-
pholipase 3 gene (PNPLA3) is associated with
fatty liver disease in obese children and ado-
lescents. Hepatology 2010; 52: 1281-1290.
Dean AG, Sullivan KM, Soe MM. OpenEpi:
Open Source Epidemiologic Statistics for
Public Health, Version. www.OpenEpi.com, up-
dated 2013/04/06, accessed 2014/02/17.
Sergeant, ESG. 2014. Epitools epidemiological
calculators. AusVet Animal Health Services
and Australian Biosecurity Cooperative
Research Centre for Emerging Infectious
Disease. Available at: http://epitools.ausvet.
com.au.

Rodriguez S, Gaunt TR, Day IN. Hardy-Weinberg
equilibrium testing of biological ascertainment
for Mendelian randomization studies. Am J
Epidemiol 2009; 169: 505-514.

Li Y, Xing C, Tian Z, Ku HC. Genetic variant
1148M in PNPLA3 is associated with the ultra-
sonography-determined steatosis degree in a
Chinese population. BMC Med Genet 2012;
13:113.

Peng XE, Wu YL, Lin SW, Lu QQ, Hu ZJ, Lin X.
Genetic variants in PNPLA3 and risk of non-al-
coholic fatty liver disease in a Han Chinese
population. PLoS One 2012; 11: e50256.
Hotta K, Yoneda M, Hyogo H, Ochi H, Mizusawa
S, Ueno T, Chayama K, Nakajima A, Nakao K,
Sekine A. Association of the rs738409 poly-
morphism in PNPLA3 with liver damage and
the development of non-alcoholic fatty liver
disease. BMC Med Genet 2010; 22: 172.
Trépo E, Gustot T, Degré D, Lemmers A, Verset
L, Demetter P, Ouziel R, Quertinmont E,
Vercruysse V, Amininejad L, Deltenre P, Le
Moine O, Deviére J, Franchimont D, Moreno C.

Int J Clin Exp Med 2014;7(8):2129-2136



[26]

[27]

[28]

[29]

[30]

PNPLA3 genetic variation and NAFLD among Filipinos

Common polymorphism in the PNPLA3/adipo-
nutrin gene confers higher risk of cirrhosis and
liver damage in alcoholic liver disease. J
Hepatol 2011; 55: 906-912.

Dunn W, Zeng Z, O’'Neil M, Zhao J, Whitener M,
Yu-Jui WanY, Mitchell EK, Handler M, Weinman
SA. The interaction of rs738409 obesity and
alcohol: A population-based autopsy study. Am
J Gastroenterol 2012; 107: 1668-1674.
Stickel F, Buch S, Lau K, Meyer zu Schwa-
bedissen H, Berg T, Ridinger M, Rietschel M,
Schafmayer C, Braun F, Hinrichsen H, Glunther
R, Arlt A, Seeger M, Muller S, Seitz HK, Soyka
M, Lerch M, Lammert F, Sarrazin C, Kubitz R,
Haussinger D, Hellerbrand C, Broéring D,
Schreiber S, Kiefer F, Spanagel R, Mann K,
Datz C, Krawczak M, Wodarz N, Volzke H,
Hampe J. Genetic variation in the PNPLA3
gene is associated with alcoholic liver injury in
Caucasians. Hepatology 2011; 53: 86-95.

Li Y, Xing C, Cohen JC, Hobbs HH. Genetic vari-
ant in PNPLA3 associated with non-alcoholic
fatty liver disease in China. Hepatology 2012;
55: 327-328.

Zain SM, Mohamed R, Mahadeva S, Cheah PL,
Rampal S, Basu RC, Mohamed Z. A multiethnic
study of a PNPLA3 gene variant and its asso-
ciation with disease severity in non-alcoholic
fatty liver disease. Hum Genet 2012; 7: 1145-
1152.

Sookoian S, Castano GO, Burgueno AL, Gianotti
TF, Rosselli MS, Pirola CJ. A non-synonymous
gene variant in adiponutrin gene is associated
with non-alcoholic fatty liver disease severity. J
Lipid Res 2009; 50: 2111-2116.

2136

(31]

(32]

(33]

(34]

(35]

Rotman Y, Koh C, Zmuda JM, Kleiner DE, Liang
TJ. The association of genetic variability in pa-
tatin-like phospholipase domain-containing
protein 3 (PNPLA3) with histological severity of
non-alcoholic fatty liver disease. Hepatology
2010; 52: 894-903.

Sookoian S, Pirola CJ. Meta-analysis of the
influence of 1148M variant of patatin-like
phospholipase domain containing 3 genes
(PNPLA3) on the susceptibility and histological
severity of non-alcoholic fatty liver disease.
Hepatology 2011; 53: 1883-1894.

Petta S, Grimaudo S, Camma C, Cabibi D, Di
Marco V, Licata G, Pipitone RM, Craxi A. IL28B
and PNPLA3 polymorphisms affect histological
liver damage in patients with non-alcoholic
fatty liver disease. J Hepatol 2012; 56: 1356-
1362.

Valenti L, Rametta R, Ruscica M, Dongiovanni
P, Steffani L, Motta BM, Canavesi E, Fracanzani
AL, Mozzi E, Roviaro G, Magni P, Fargion S. The
1148M PNPLA3 polymorphism influences se-
rum adiponectin in patients with fatty liver and
healthy controls. BMC Gastroenterol 2012; 12:
111.

Kitamoto T, Kitamoto A, Yoneda M, Hyogo H,
Ochi H, Nakamura T, Teranishi H, Mizusawa S,
Ueno T, Chayama K, Nakajima A, Nakao K,
Sekine A, Hotta K. Genome-wide scan revealed
that polymorphisms in the PNPLA3, SAMM50,
and PARVB genes are associated with develop-
ment and progression of non-alcoholic fatty
liver disease in Japan. Hum Genet 2013; 132:
783-792.

Int J Clin Exp Med 2014;7(8):2129-2136



