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The incidence of hepatocellular carcinoma (HCC) is increasing in Western countries.
Although several clinical factors have been identified, many individuals never develop HCC,
suggesting a genetic susceptibility. However, to date, only a few single-nucleotide polymor-
phisms have been reproducibly shown to be linked to HCC onset. A variant (rs738409
C>G, encoding for p.1148M) in the PNPLA3 gene is associated with liver damage in chronic
liver diseases. Interestingly, several studies have reported that the minor rs738409(G] allele is
more represented in HCC cases in chronic hepatitis C (CHC) and alcoholic liver disease
(ALD). However, a significant association with HCC related to CHC has not been consis-
tently observed, and the strength of the association between rs738409 and HCC remains
unclear. We performed a meta-analysis of individual participant data including 2,503 Euro-
pean patients with cirrhosis to assess the association between rs738409 and HCC, particu-
larly in ALD and CHC. We found that rs738409 was strongly associated with overall HCC
(odds ratio [OR] per G allele, additive model = 1.77; 95% confidence interval [CI]: 1.42-
2.19; P=2.78 X 10~7). This association was more pronounced in ALD (OR = 2.20; 95%
CI: 1.80-2.67; P=4.71 X 10~ ") than in CHC patients (OR = 1.55; 95% CI: 1.03-2.34;
P=3.52 X 107 %). After adjustment for age, sex, and body mass index, the variant remained
strongly associated with HCC. Conclusion: Overall, these results suggest that rs738409 exerts
a marked influence on hepatocarcinogenesis in patients with cirrhosis of European descent
and provide a strong argument for performing further mechanistic studies to better under-
stand the role of PNPLA3 in HCC development. (HepaToLOGY 2014559:2170-2177)
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he incidence of hepatocellular carcinoma

(HCC) is increasing in Western countries, and

HCC has the fastest-growing rate of cancer-
related death in the United States." The risk of HCC is
highly variable among individuals, but most frequently
(80%-90%) develops in the context of cirrhosis.! In
addition, several other clinical variables, including age,
sex, and body mass index (BMI), have also been associ-
ated with HCC prevalence."> However, many individu-
als with these clinical risk factors never develop HCC,
suggesting a genetic susceptibility.” Candidate gene and
genome-wide association studies have reported on asso-
ciations between single-nucleotide  polymorphisms
(SNPs) and HCC, but most of these studies suffered
from various methodological drawbacks and, to date,
only a few variants have been reproducibly shown to be
linked to hepatocarcinogenesis.” Recently, an SNP
located in the paratin-like  phospholipase  domain-
containing 3 (PNPLA3) gene (15738409 C>G, encoding
for p.J148M), initially associated with steatosis and
nonalcoholic fatty liver disease (NAFLD),* was further
shown to influence susceptibility toward inflammation
and progression to severe fibrosis in this etiology,” but
also alcoholic liver disease (ALD)®? and chronic hepati-
tis C (CHC).'o! Interestingly, several studies have
reported that the minor rs738409[G] allele, associated
with higher risk of liver damage, is significantly more
represented in HCC cases in CHC,'"% ALD," and
severe obesity.18 However, a significant association with
HCC related to CHC has not been consistently
observed. This could be related to the limited sample
size of some of the cohorts."*'>'” By increasing statisti-
cal power and decreasing random errors, meta-analyses
are recommended by the Human Genome Epidemiol-
ogy Network to confirm the strength of an associa-
tion.'"”  More specifically, investigators
emphasized that a meta-analysis of individual partici-

some have
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pant data (IPD) is a useful tool that helps to clarify the
role of candidate genes in complex human diseases.”® In
addition, the use of IPD for meta-analysis is considered
to be the most reliable method for allowing adjustment
for confounding factors at the patient level.?!

In the present study, we sought to investigate the
association between rs738409[G] and the prevalence
of HCC in patients with cirrhosis. Thus, we per-
formed a meta-analysis of IPD including all studies
that assessed the rs738409 genotype in patients with
cirrhosis with and without HCC. In addition, in two
sensitivity analyses, we tested the association between
this variant and HCC specifically in patients with
ALD- and CHC-related cirrhosis, the two etiologies

most represented in available studies.

Material and Methods

Literature Search. Medline, Cancerlit,
and manual searches were combined.”? Data abstrac-
tion was done independently by two investigators
(E-T. and C.M.) using standardized data collection
forms. Search terms were PNPLA3, rs738409, adipo-
nutrin, and hepatocellular carcinoma. General reviews
and references from published trials were used. The
two investigators also extensively screened all abstracts
presented in English at liver and gastroenterology con-
gresses over the last 3 years.

Criteria for Inclusion and Exclusion of Studies.
Inclusion and exclusion criteria were defined before
commencement of the literature search. For inclusion,
a study had to (1) include patients with cirrhosis, (2)
assess the presence of the variant (rs738409 C>QG) in
the PNPLA3 gene in patients with and without HCC,
and (3) have been published as a full-length article or
presented as an abstract at an international congress
using English as the official language (American Asso-
ciation for the Study of Liver Diseases [AASLD]
Annual Meeting, European Association for the Study
of the Liver Annual Meeting, Digestive Disease Week
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Annual Meeting, or United European Gastroenterol-
ogy Week Annual Meeting) in 2010, 2011, or 2012.

We excluded (1) studies without information on the
cirrhotic status of patients, not enabling comparison of
15738409 between patients with cirrhosis with (cases)
and without HCC (controls)'® and (2) studies that did
not provide a control group with cirrhosis without
HCC.?*** When several publications existed concern-
ing the same study population,'>** only the most
recent was taken into account'’ (Fig. 1).

Study Characteristics. Seven studies
2,503 patients with cirrhosis were included in the
analysis (Table 1). The underlying diseases causing cir-
thosis varied among the selected studies. One study
only included patients with alcoholic-related cirrho-
sis, ¢ two were composed only of patients with CHC-
related cirrhosis,'"'* and two included patients with
both etiologies.'*'” In addition, three studies also
included patients with chronic hepatitis B (CHB),"*"?
and two patients with NAFLD.'>"” The diagnosis of
HCC was performed according to the Barcelona crite-
ria®® in studies'>'>"” and/or the AASLD practice
guidelines,' ' >141¢

Genotyping of rs738409 was carried out using Taq-
man assay in five studies,'’">'*!7 allele-specific oligo-
nucleotides in one,"* and restriction fragment length
polymorphism in another."

Endpoints and Criteria for Combinability. End-
points were defined before the beginning of the meta-
analysis. Our primary endpoint was to investigate
whether 15738409 could increase the risk of HCC

involving
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among patients with cirrhosis. In addition, we aimed
to evaluate whether the strength of the association
between rs738409 and HCC onset was similar in
ALD- and CHC-related cirrhosis. As a first step, an
overall meta-analysis was performed. This analysis
combined studies that included patients with cirrhosis,
with and without HCC, regardless of etiology. In a
step, sensitivity analyses that separately
considered patients with ALD- or CHC-related
cirthosis were performed. Sensitivity analyses were only
performed when at least three studies could be
analyzed.

Data Extraction. All investigators of the selected
studies were contacted directly and asked to provide
their individual patient data, including the genotype
distributions for rs738409 (CC, CG, and GG) accord-
ing to the underlying diseases (ALD- or CHC-related
cirrhosis or other causes). In addition, to ensure that
the association between the SNP and HCC was stud-
ied in homogeneous populations of patients with ALD
or CHC, investigators were asked for potential other
coexisting causes of chronic liver disease, such as daily
alcohol consumption. Concerning the sensitivity analy-
sis in HCC related to CHC, patients who had signifi-
cant alcohol consumption (>30 g/day) were excluded.
Finally, to adjust for potential confounders, the indi-
vidual database included information on mean age,
proportion of males, and mean BMI for the study
cohort. Discrepancies in data collection (in comparison
with those already published) and interpretation were
resolved by discussion, rereview of the studies, and

second

Studies meeting the search terms:[(PNPLA3 or rs738409 or adiponutrin)
and (hepatocellular carcinoma or liver cancer)]"
(n=23)

Studies not related to the topic or reviews |
(n=12) baa

Study not providing information on the

Studies not providing a cirrhotic control
group without hepatocellular carcinoma €
(n=2)

cirrhotic status of patients
(n=1)

L 4

Study with a similar patient population

h 4

but published earlier
(n=1)

Studies included in the
meta-analysis
(n=7)

Fig. 1. Flow chart illustrating the selection of studies included in the meta-analysis.
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Table 1. Patient Characteristics in the Selected Studies Evaluating the Association Between rs7380409 and HCC
rs738409 Genotype Count
Overall (n = 2,503) ALD (n = 1,374) CHC (n = 945)
Study Age (Years) Male Sex n (%) BMI (kg/m?) cc CG GG cc CcG GG cc CG GG
Corradini et al., 2011'>  Cases 60.2 + 8.7 64 (71.1) ¥ 29 41 20 - - - 29 41 20
Controls  56.7 = 12.1 77 (58.8) ¥ 60 57 14 - - - 60 57 14
Falleti et al., 2011%° Cases 60.1 +9.2 121 (85.8) 26.3+4.2 43 60 38 15 26 25 17 25 10
Controls  54.2+9.8 223 (65.2) 246+34 125 160 57 38 64 30 53 66 18
Guyot et al., 20137 Cases 65.8+10.8 122 (75.8) 314+54 73 57 31 19 31 18 54 26 13
Controls 552+ 11.5 232 (62.6) 27.0+58 179 149 43 93 100 18 86 49 25
Hamza et al., 20122 Cases 64.6 +8.9 114 (88.4) 27.8+53 49 51 29 27 36 23 7 5 0
Controls ~ 61.4 = 10.0 113 (86.9) 26.4+5.1 61 50 19 37 3 15 7 2 0
Nischalke et al., 2011'*  Cases 57.0 + 10.0 115 (71.4) 26.0 +5.2 57 73 31 15 40 22 40 33 8
Controls  57.1+9.9 115 (71.4) 26.8+59 77 69 15 32 36 10 45 30 5
Trépo et al., 2012'° Cases 65.3 = 9.4 129 (89.0) 27.9+48 39 58 48 39 58 48 - - -
Controls  56.8 9.9 301 (70.7) 26.7+51 190 191 45 190 191 45 - - -
Valenti et al., 2011 Cases 67.5+9.7 35 (70.0) 25.8 +3.1 12 21 17 - - - 9 19 16
Controls  63.5+11.8 32 (49.2) 25.8 + 3.4 28 30 7 - - - 26 24 6

Continuous variables are expressed with their mean = standard deviation. Cases refer to patients with cirrhosis with HCC and controls refer to patients with cirrho-

sis without HCC.
*Data not available.

consultation with one other investigator (PD.), when
necessary.

Statistical Analysis. Because of the lack of current
knowledge regarding the genetic model of inheritance
that might explain the effect of rs738409 on HCC
occurrence, we avoided choosing a priori between an
additive, dominant or recessive model as
mended.”” Therefore, we investigated which model
was the most appropriate by calculating pseudo R.*®
This value, which evaluates the goodness of fit of logis-
tic regressions, was calculated for each study and for
the related meta-analysis using the three possible
genetic models. In addition, we also calculated Akaike
information criterion (AIC) values.”’ The best model
was defined as the one with the highest pseudo R and
the smallest AIC (Supporting Table 1). The additive
model was tested using the Cochran-Armitage test for
trend, and the related chi-squared test was transformed
into an odds ratio (OR) according to a standard proce-
dure of effect-size conversion.® The strength of the
association between SNP and HCC prevalence was
expressed by ORs and their corresponding 95% confi-
dence interval (CI). For each meta-analysis, we esti-
mated a pooled OR by inverse-variance weighting
using a random-effects model.”" This model was cho-
sen because it takes into account the possibility of het-
erogeneity between studies. For all three meta-analyses,
a priori power calculations were performed. In each
individual study, Hardy-Weinberg equilibrium (HWE)
was assessed in control groups (patients without HCC)
as recommended.”® If a study showed a significant
deviation of HWE, which might indicate genotyping

recom-

errors or other bias, we performed sensitivity analyses
including and excluding the HWE-deviating study(ies)
as recommended.?

Heterogeneity was assessed by Cochran’s Q test,
and its magnitude was measured by the between-study
variance using the F statistic.”® These statistics were cal-
culated as previously described using fix-effect weights
and then applied to the random-effects model.” In case
of substantial heterogeneity (P value of Q statistic’s test
below 0.10 and/or F higher than 25%),32 we proceeded
as follows. First, the methodological section of each
study was rereviewed to determine whether any discrep-
ancies could be identified. Second, we stratified the
studies by underlying liver disease causing cirrhosis. To
test whether the link between rs738409 and HCC was
independent of potential clinical confounders, we per-
formed additional analyses adjusted for age, sex, and
BMI. We used a two-step approach using IPD, as previ-
ously described.”’ First, the association between
15738409 and HCC was analyzed independently in
each individual study using a multivariable logistic
regression, including age, sex, and BMI, and adjusted
ORs with 95% ClIs for this association was calculated.
Then, the aggregate OR and 95% CI values were syn-
thesized in a second step using a random-effects
model.”" To assess the extent of publication bias, Egger’s
and the Begg and Mazumdar’s tests were used on unad-
justed analyses.>**® A P value less than 0.05 was con-
sidered statistically significant. All statistical analyses
were performed using R (R Foundation for Statistical
Computing) using the metaphor package, or Compre-
hensive Meta-analysis (Biostat, Englewood, NJ).

34
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Results
Choice of the Genetic Model and HWE Calcula-

tions. The additive and recessive models were simi-
larly able to adequately address the association between
15738409 and HCC, regardless of etiology (Supporting
Table 1). Concerning HCC related to ALD or CHC,
the additive model was the most appropriate (Support-
ing Table 1). Thus, all results are presented using the
additive model (see Supporting Table 2 for the results
of meta-analyses using dominant or recessive models).
The available sample size was sufficient to achieve a
power of 80% with a type I error of 0.05 to detect
OR per rs738409(G] allele of 1.36, 1.32, and 1.80 for
the overall, ALD, and CHC analyses, respectively
(Supporting Fig. 1). We found only one study showing
a significant deviation from HWE with respect to the
sensitivity analysis related to CHC patients (2= 3.39
X 10~% Supporting Table 2)."”

Association Between rs738409 and HCC Regard-
less of Etiology. Seven studies involving 2,503
patients with cirrhosis were included in the overall
analysis (Table 1). There were 877 patients with HCC
(cases) and 1,626 (controls). The rs738409[G] allele
was associated with HCC (OR = 1.77; 95% CI: 1.42-
2.19; P=2.78 X 107/, Fig. 2). There was a signifi-
cant heterogeneity among the studies (P=4.26 X
107% P =52.2%). After adjustment for age, sex, and
BMI, the variant remained significantly linked to
HCC (OR=1.55; 95% CI: 1.22-1.98; P=3.93 X
10°%) with significant heterogeneity (P=5.11 X
1072, P =53.2%). We did not find any evidence
of methodological drawbacks that would warrant
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exclusion of a study. Therefore, we stratified the stud-
ies by underlying liver disease causing cirrhosis. No

publication bias was detected by Egger’s test
(P=0.48) or by Begg and Mazumdars test
(P=10.29).

Association Between rs738409 and HCC Related
to ALD. Five studies involving 1,374 patients (442
cases and 932 controls) were included in the sensitivity
analysis restricted to patients with ALD-related cirrho-
sis (Table 1)."*" The rs738409[G] allele was associ-
ated with HCC (OR =2.20; 95% CI: 1.80-2.67;
P=471 X 107 Fig. 3) without any evidence of
heterogeneity (P=0.50; I°=0%). After adjustment
for age, sex, and BMI, the variant remained signifi-
cantly linked to HCC (OR=2.13; 95% CI: 1.73-
2.61; P=5.52 X 10" ") with no statistical heteroge-
neity (P =0.63; F=0%). No publication bias was
detected by Egger’s test (2= 0.35) or by Begg and
Mazumdar’s test (P = 0.81).

Association Between rs738409 and HCC Related
to CHC. Six studies involving 945 patients (372 cases
and 573 controls) were included in the sensitivity anal-
ysis restricted to patients with CHC-related cirrho-
sis. 11> The rs738409[G] allele was associated with
HCC (OR=1.55; 95% CI: 1.03-2.34; P=3.52 X
1072 Fig. 4), but with significant heterogeneity
(P=291 X 1072 I? = 62.1%). We performed a sen-
sitivity analysis that excluded one study deviating from
HWE."” The variant was still linked to HCC
(OR=1.78; 95% CI: 1.24-2.54; P=1.67 X 1077
with less heterogeneity (2= 0.20; P =33.4%). After
adjustment for age, sex, and BMI in the studies that

Overall
Study OR (95% Cl) P
Corradini et al., 2011 —— 1.90 (1.17-3.10) 9.26 x 107
Falleti et al., 2011 —.— 1.45 (1.05-2.01) 2.40x 107
Guyot et al., 2013 - 1.28 (0.94-1.75) 1.14 x 10"
Hamgza et al., 2012 —— 1.51 (0.97-2.35) 6.95x 107
Nischalke et al., 2011 —— 1.80 (1.21-2.69) 4.00x107°
Trépo et al., 2012 —.— 2.51 (1.84-3.41) 4.30x10°
Valenti et al., 2011 2.93 (1.46-5.86) 2.25x10°
Total - 1.77 (1.42-2.19) 2.78x 107
T 1
1.00 2.00 5.00

Fig. 2. Forest plot of the ORs and 95% Cls of studies of the association between PNPLA3 rs738409[G] using an additive model of inheri-
tance and HCC, regardless of etiology. ORs are per G-allele. The size of the black square corresponding to each study is proportional to the sam-
ple size. The combined estimate is based on a random-effects model shown by the diamond. The vertical line represents the null result.
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Alcoholic Liver Disease
Study OR (95% Cl) P
Falleti et al., 2011 | 1.64 (0.98-2.73) 5.74x107°
Guyot et al., 2013 — 2.23 (1.44-3.45) 3.05x10™
Hamza et al., 2012 — 1,67 (0.96-2.89) 6.76 x 107
Nischalke et al., 2011 2.68 (1.48-4.85) 1.07x 107
Trépo et al., 2012 — . 2.51 (1.84-3.41) 4.30x107°
Total —~— 2.20 (1.80-2.67) 471x107"®
T 1
1.00 2.00 5.00

Fig. 3. Forest plot of the ORs and 95% Cls of studies of the association between PNPLA3 rs738409[G] using an additive model of inheri-
tance and HCC related to ALD. ORs are per G-allele. The size of the black square corresponding to each study is proportional to the sample
size. The combined estimate is based on a random-effects model shown by the diamond. The vertical line represents the null result.

did not deviate from HWE, the SNP was still signifi-
cantly linked to HCC (OR=1.56; 95% CI: 1.03-
2.36; P=3.44 X 107 %) with modest heterogeneity
(P=0.35, F=18.6%). We did not observe evidence
of publication bias (2= 0.30 and P =0.26 for Egger’s
and Begg and Mazumdar’s tests, respectively).

Discussion

This is the first meta-analysis of IPD to assess the
association between rs738409 and the presence of
HCC in patients with cirrhosis. The main finding of
this study is the strong, independent association
between this variant and HCC in individuals with

cirthosis. This collaborative work involved all of the
researchers that have been studying the link between
15738409 and HCC in patients with cirrhosis preceding
and through the first quarter of 2013. The strength of
the association between rs738409[G] and HCC was
particularly evident in patients with ALD-related cirrho-
sis, but was milder in patients with CHC-related cir-
rhosis. Overall, these results suggest that rs738409(G]
exerts a marked influence on hepatocarcinogenesis in
patients with cirrhosis of European descent.

First, each study investigator was involved in this pro-
ject and provided IPD data, allowing reliable subgroup
and multivariable analyses. Moreover, although meta-
analysis of IPD requires a much greater commitment of

Chronic Hepatitis C
Study OR (95% CI) P
Corradini et al., 2011 1 1.90 (1.17-3.10) 9.26 x 10
Falleti et al., 2011 - 1.33 (0.79-2.24) 2.80x107"
Guyot et al., 2013 = 0.87 (0.55-1.36) 535x10"
Hamza et al., 2012 2.05 (0.41-10.40) 3.61x107
Nischalke et al., 2011 N B 1.35 (0.77-2.37) 2.99x 107
Valenti et al., 2011 3.89 (1.75-8.62) 7.28x 10"
Total e 1.55 (1.03-2.34) 3.52x107
T 1
1.00 2.00 5.00

Fig. 4. Forest plot of the ORs and 95% Cls of studies of the association between PNPLA3 rs738409[G] using an additive model of inheri-
tance and HCC related to CHC. ORs are per G-allele. The size of the black square corresponding to each study is proportional to the sample
size. The combined estimate is based on a random-effects model shown by the diamond. The vertical line represents the null result.
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time and resources to collect primary data, it is an
exhaustive approach that avoids patient duplication and
is the most reliable method for adjusting for confound-
ing factors at the patient level.?*?! Indeed, the Human
Genome Epidemiology Network recommends that this
type of quantitative synthesis be done whenever possi-
ble.”” Second, in contrast to the vast majority of studies
that evaluated the association between SNPs and HCC,?
we carefully selected studies that incorporated the appro-
priate control group in this clinical setting, namely,
patients with cirrhosis. A potential limitation of this
study, that is inherent to any meta-analysis, is the possi-
ble presence of publication bias. In particular, this
includes the failure to identify negative studies, which
are less likely to be published and may ultimately result
in an overestimate of the true effect size.”® To minimize
this risk, we combined searches from a number of data-
bases, including Medline, Cancetlit, and Embase, with
manual searches.”> We also extensively screened all
abstracts presented in English at liver and gastroenterol-
ogy congresses over the last 3 years. In addition, we
used statistical methods (Egger’s and Begg and Mazum-
dar’s tests) to test for the presence of publication bias,
and no evidence of publication bias was found. How-
ever, although we used procedures in agreement with
current guidelines, we cannot formally rule out the pos-
sibility that we missed studies that were not accessible.”®

PNPLA3 encodes a protein that is highly expressed
in the liver and becomes tightly attached to intracellu-
lar membranes. Although the exact function of the
enzyme is unclear, the rs738409[G] allele results in an
isoleucine (I) to methionine (M) substitution at the
amino acidic position 148 (p.I148M), which promotes
intracellular triglyceride retention.”® The link between
this mutation and liver damage or HCC onset remains
to be established. Interestingly, the association between
15738409 C>G variant and liver disease progression has
been reported to be independent of the severity of liver
fat accumulation.'®"*® This may suggest that this
mutation may directly or indirectly regulate the release
of molecules involved in inflammation and fibrogene-
sis. 40 Indeed, rs738409 has been linked to increasing
circulating levels of the proinflammatory mediator,
intercellular adhesion molecule 1,*' and decreased levels
of adiponectin,”® which has anti-inflammatory, antifi-
brotic, and oncosuppressive properties.43

The effect of the rs738409[G] allele on liver damage
has been reported to be higher in fatty liver diseases
(NAFLD and ALD),S'9 compared to CHG,'>!"! where
viral factors may dilute the genetic association. There-
fore, it is not surprising that the strength of the associ-
ation between rs738409 and HCC was milder in
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patients with CHC-related cirrhosis. Moreover, ALD
and CHC may both promote oncogenesis by acting
through common proteins, but through different sig-
naling pathwalys.44 Furthermore, studies concerning
the association between CHC-related HCC and
15738409 are warranted. In addition, the association of
this SNP with HCC in CHB, the leading cause of
HCC worldwide, and in NAFLD, characterized by fre-
quent development outside cirrhosis, still need to be
evaluated.

Opverall, our results provide a strong argument for
performing further mechanistic studies to better under-
stand the role of PNPLA3 in HCC development.
Whether the rs738409 variant promotes the inflamma-
tion/cirrhosis/carcinogenesis sequence by favoring liver
fat accumulation or by affecting specific biological
pathways requires further investigation.
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