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Abstract

BACKGROUND

The association between PPARGCIA rs8192678 and nonalcoholic fatty liver
disease (NAFLD) requires further confirmation. In addition, it is still unknown
whether PPARGCI1A 1s8192678 is associated with hepatic histological features in
NAFLD in the Chinese population.

AIM

To investigate the interaction between PPARGC1A rs8192678 and nonalcoholic
steatohepatitis (NASH), and whether this polymorphism is associated with
hepatic histological features.

METHODS

Fifty-nine patients with liver biopsy-proven NAFLD and 93 healthy controls were
recruited to a cohort representing the Chinese Han population. The SAF (steatosis,
activity, and fibrosis) scoring system was used for hepatic histopathological
evaluation. The polymorphisms of PPARGC1A rs8192678 and patatin-like
phospholipase domain-containing protein 3 (PNPLA3) rs738409 were genotyped.
The intrahepatic mRNA expression of PPARGC1A was evaluated by real-time
polymerase chain reaction.
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RESULTS

Thirty-seven patients with NAFLD had NASH, of which 12 were nonobese. The
PPARGCI1A rs8192678 risk A allele (carrying GA and AA genotypes) had the
lowest P value in the dominant model; the odds ratio (OR) for NAFLD was 2.321
[95% confidence interval (CI): 1.121-4.806]. After adjusting for age, sex, and the
PNPLA3 rs738409 risk G allele, the PPARGCI1A rs8192678 A allele was a risk
factor for NAFLD (OR 2.202, 95%CI: 1.030-4.705, P = 0.042). The genetic analysis
showed that patients with NAFLD, moderate-to-severe steatosis (52-3), and
Activity 2-4 (A = 2) were more likely to carry A in PPARGC1A rs8192678 (OR
5.000, 95%ClI: 1.343-18.620, P = 0.012; and OR 4.071, 95%CI: 1.076-15.402, P =
0.031). The multivariate logistic regression analysis showed that PPARGC1A
rs8192678 risk A allele was also independently associated with S2-3, A > 2, and
NASH (OR 6.190, 95%ClI: 1.508-25.410, P = 0.011; OR 4.506, 95%Cl 1.070-18.978, P
=0.040; and OR 6.337, 95%ClI: 1.135-35.392, P = 0.035, respectively) after adjusting
for age, sex, body mass index, and PNPLAS3 rs738409 risk G allele. The results also
showed that this polymorphism was associated with nonobese NASH (OR 22.000,
95%CI: 1.540-314.292, P = 0.021). The intrahepatic expression of PPARGC1A
mRNA was significantly lower in the group of patients who carried the risk A
allele (P = 0.014).

CONCLUSION

The PPARGC1A 1rs8192678 risk A allele is associated with NAFLD, and with S2-3,
A 22 and NASH in NAFLD patients, independent of PNPLA3 rs738409, and may
be associated with nonobese NASH.

Key Words: Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis; PPARGC1A
r$s8192678 polymorphism; Steatosis; Activity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The PPARGCI1A rs8192678 A allele was found to be a risk factor for liver
biopsy-proven nonalcoholic fatty liver disease (NAFLD) after adjusting for age, sex,
and patatin-like phospholipase domain-containing protein 3 rs738409 polymorphism.
The multivariate logistic regression analysis showed that the PPARGC1A rs8192678
risk A allele was also independently associated with the severity of hepatic histological
features (S2-3 and A > 2) and nonalcoholic steatohepatitis (NASH), and might also be
associated with nonobese NASH, indicating that the PPARGCI1A rs8192678 risk A
allele was associated with NAFLD in the Chinese Han adult population. Also, the
intrahepatic expression of PPARGC1A mRNA was significantly lower in the patients
who carried the risk A allele, implying that it might be a genetic contribution to the
pathogenesis of NAFLD.

Citation: Zhang RN, Shen F, Pan Q, Cao HX, Chen GY, Fan JG. PPARGCI1A rs8192678 G>A
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has become one of the most common forms
of chronic liver diseases worldwide. The overall global prevalence of NAFLD is about
25%. The clinical spectrum of NAFLD ranges from nonalcoholic fatty liver (NAFL),
nonalcoholic steatohepatitis (NASH), liver fibrosis and cirrhosis, and finally hepato-
cellular carcinoma. NAFLD also has high risk and is associated with multisystem
diseases, such as obesity, type 2 diabetes mellitus (T2DM), cardiovascular diseases,
chronic kidney disease, and malignancy][1,2].
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The pathogenesis of NAFLD is multifactorial and strongly associated with obesity,
insulin resistance, T2DM, and metabolic syndrome. Although NAFLD has a high
prevalence in obese patients, nonobese patients and even lean patients, were recently
found to have NAFLD as well. The anthropometric data on body mass index (BMI)
was used to define nonobese or lean. The BMI values of 25 and 30 kg/m? are the
thresholds to define overweight and obese participants, respectively, as recommended
by the World Health Organization. In Asia, BMI < 25 kg/m? is defined as nonobese,
whereas BMI < 23 kg/m?is defined as lean[3]. A meta-analysis was carried out to
estimate the overall prevalence of NAFLD in nonobese and lean populations (15.7%
and 10.2%, respectively)[4].

The differences in prevalence, clinical profile, hepatic histology severity, and
outcomes of NAFLD among different ethnic groups suggested that both environ-
mental and genetic factors influenced susceptibility to NAFLD in individuals[5].
Genetic factors have been implicated in the occurrence and development of NAFLD;
the gene of peroxisome proliferator-activated receptor-y coactivator-la (PGC-1a),
encoded by PPARGC1A, is also a susceptibility candidate gene for NAFLD[6-8]. PGC-
la is a transcriptional coactivator with a crucial impact on multiple aspects of cellular
energy metabolism including mitochondrial biogenesis and cellular respiration,
regulation of adaptive thermogenesis, adipocyte cell development, and lipid and
glucose metabolism. A number of genetic variants have been identified in PPARGCIA,
and the Gly482Ser polymorphism (a G-to-A transition that predicted a glycine (G) to
serine (S) substitution at amino acid position 482 in exon 8, rs8192678) is the most
common variant, which was associated with T2DM, obesity, and hypertension in
several studies[9-13]. However, the results were controversial in the Chinese Han
adult population, which require further confirmation[14,15]. Whether this polymo-
rphism is associated with the severity of hepatic histological features [steatosis, activity
(hepatocyte ballooning and lobular inflammation), and fibrosis] and with NASH or
nonobese NASH needs further investigation.

The present study aimed to determine the relationship between polymorphism
rs8192678 of PPARGCIA gene and the risk of NAFLD, especially in NASH, in a
Chinese Han population, and to investigate the association between PPARGCIA
rs8192678 G>A polymorphism and the severity of hepatic histological features.

MATERIALS AND METHODS
Study populations

A total of 152 unrelated adult participants (18-70 years old) were recruited between
March 2012 and March 2013. Patients with NAFLD were enrolled from Xinhua
Hospital, Shanghai, China. All participants were Han Chinese in origin. Each patient
had undergone an ultrasound-guided percutaneous liver biopsy and met the
diagnostic criteria for NAFLD. The liver stiffness measurement (LSM) and controlled
attenuation parameter (CAP) values were tested using FibroScan 502 (Echosens, Paris,
France) by previously described methods.

The exclusion criteria were as follows: (1) excessive alcohol consumption (> 30 g/d
for men and > 20 g/d for women); other diseases that led to fatty liver, such as chronic
hepatitis C, drug-induced liver injury, Wilson’s disease, total parenteral nutrition, and
autoimmune hepatitis; (2) previous liver transplantation; (3) other end-stage diseases
or malignancies; and (4) contraindications to FibroScan examination (e.g., ascites,
implanted pacemakers, nonhealing wounds in the upper-right quadrant of the
abdomen, and pregnancy) or unreliable measurement of LSM and CAP values.

All control participants were confirmed to be free of liver diseases by both B-mode
ultrasound and FibroScan 502 examination (CAP < 240 dB/m and LSM values < 7.0
kPa)[16]; they all had normal liver function test results and lacked evidence of
etiologies of liver injury. The study protocol was approved by the Ethics Committees
of Xinhua Hospital, and the study was conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained from all participants.

Clinical and laboratory evaluation

Demographic information, such as age and sex, was collected. Venous blood samples
were obtained from the participants after overnight fasting (12 h) to measure the levels
of alanine transaminase (ALT), alkaline phosphatase (ALP), y-glutamyl transpeptidase
(GGT), total bilirubin, directed bilirubin, fasting blood glucose (FBG), total cholesterol
(TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), and uric acid (UA). All laboratory biochemical

WJG | https://www.wjgnet.com 3865 July7,2021 | Volume?27 | Issue25 |



Zhang RN et al. PPARGC1A rs8192678 affects hepatic histological features and NASH.

Jaishideng®

parameters were measured in a conventional automated analyzer (Hitachi 7600,
Tokyo, Japan).

Hepatic histopathologic assessment

Liver biopsy specimens were fixed with 10% buffered formalin, embedded in paraffin,
sliced, and stained with hematoxylin & eosin (HE), reticulin, and Masson trichrome. A
minimum 15-mm biopsy specimen or the presence of at least 10 complete portal tracts
was required. For each liver biopsy, the steatosis, activity, and fibrosis (SAF) score
summarizing the main histological lesions was defined. The SAF score was designed
by the fatty liver inhibition of progression Pathology Consortium. The steatosis (0-3)
was categorized as follows: S0: < 5%; S1: 5%-33%; S2: 34%-66 %; and S3: = 67%. The
grade of hepatic inflammatory activity (A, from 0 to 4) was calculated by adding
together the grades for hepatocyte ballooning (0-2) and lobular inflammation (0-2).
Liver fibrosis was staged as follows: F0, none; F1, perisinusoidal or portal fibrosis; F2,
perisinusoidal and periportal fibrosis without bridging; F3, bridging fibrosis; and F4,
cirrhosis. A case presenting with at least grade 1 of each of the three features (steatosis,
ballooning, and lobular inflammation) was classified as NASH; other cases were
diagnosed as NAFL.

DNA preparation and single-nucleotide polymorphism genotyping

Polymorphism genotyping of genomic DNA was prepared from each blood sample
using the QiAamp DNA Mini Kit (Qiagen, Hilden, Germany). The custom Ion
AmpliSeq panel (Life Technologies, MA, United States) of PPARGC1A and patatin-
like phospholipase domain-containing protein 3 (PNPLA3) was designed. The
polymerase chain reaction (PCR) of the template was performed using the Ion
OneTouch 2 System (Life Technologies, MA, United States) following the manu-
facturer’s instructions. PPARGC1A and PNPLA3 variants were genotyped by DNA
sequencing using the Ion 318 Chip (Life Technologies, United States) following the Ion
PGM 200 Sequencing kit protocol. Negative controls were introduced for each run to
ensure genotyping quality. Samples giving discordant results were reanalyzed.

Real-time PCR for measuring PPARGCA1 mRNA expression

Total RNA was isolated from samples of liver biopsy specimens using the TRIzol
reagent (Takara, Dalian, China) and reverse transcribed using the PrimeScript RT
Reagent Kit (Takara, Dalian, China). The mRNA expression of PPARGC1A and p-actin
was measured by real-time PCR (RT-PCR) using the SYBR Premix Ex Taq Kit (Takara,
Dalian, China) and an ABI 7500 RT-PCR System (Applied Biosystems, United States).
Target mRNA levels were normalized to B-actin expression levels. The following
primers were used: PPARGC1A (F: 5'-GAGTGACATCGAGTGTGCTG-3'; R: 5'-
GGGCAATCCGTCTTCATCCA-3'); B-actin (F: 5'-TCCTTCCTGGGCATGGAGT-3'; R:
5'-CAGGAGGAGCAATGATCTTGAT-3'). A duplicate of this experiment was
performed for the same reaction. The 24 method was used to calculate the relative
expression levels of each gene. Thermal cycling was performed as follows: Initial
denaturation at 95°C for 5 min, followed by 40 cycles of 95°C for 15 s and 60°C for 34 s.

Statistical analysis

Continuous variables were expressed as mean + SD, median and interquartile range
for those with a skewed distribution and categorical variables as the frequency or
percentage. The t test and chi-squared test were used where appropriate. Multiple
logistic regression models were used to assess the factors independently associated
with the severity of histological parameters. In the dominant model, the frequencies of
the participants with the allele 1 (allele 1 homozygote and heterozygote) were
compared with the participants homozygous for the allele 2 using a 2 x 2 contingency
table. The odds ratio (OR) and the 95% confidence interval (CI) were calculated using
Woolf’s method. In all analyses, GA and AA for PPARGCI1A rs8192678 was
considered when choosing a dominant model of inheritance. Analyses were performed
using SPSS 23.0 (SPSS Inc., IL, United States). A two-sided P < 0.05 indicated a statist-
ically significant difference.

RESULTS

Anthropometric and clinical data
The clinical characteristics of 152 participants (59 patients with NAFLD and 93
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controls) are listed in Table 1. Age, BMI, ALT, GGT, TC, TG, LDL-C, UA, CAP, and
LSM values were significantly higher in the NAFLD group. No differences in sex,
ALP, HDL-C, and FBG were observed between the two groups. Among the patients
with NAFLD, 37 (62.71%) had NASH, and 22 (37.29%) had NAFL. Furthermore,
69.49% (41/59) were obese, and 30.51% (18/59) were nonobese. Patients with NAFLD
also showed a significantly higher frequency of hypertension and T2DM. The ALT,
GGT, CAP, and LSM levels were significantly higher in patients with NASH compared
to patients with NAFL, with no significant difference in the frequency of obesity,
hypertension, and T2DM (Tables 1 and 2).

PPARGC1A rs8192678 polymorphism genotypes and allele frequencies and the risk

of NAFLD between different groups

The percentage of PPARGC1A rs8192678 GA genotype was significantly higher in the
NAFLD group than in the control group (62.71% vs 39.78 %), suggesting that carriers
of this genotype had a significantly increased risk of NAFLD (OR 2.786, 95%ClI: 1.300-
5.962, P = 0.008) (Table 3). The carriers of the homozygous AA genotype had no
significantly increased risk of NAFLD compared to participants with GG homozygous
alleles (P = 0.609). The close association was further revealed in the dominant model
(combined GA and AA genotypes, GA + AA vs GG, OR 2.321, 95%CI: 1.121-4.806, P =
0.022) (Tables 3 and 4).

The percentage of the PNPLA3 rs738409 GG genotype was also significantly higher
in patients with NAFLD than in controls (33.90% vs 16.13%, P = 0.004). The OR of
NAFLD was 3.889-fold (95%ClI: 1.534-9.926, P = 0.004) higher in participants with the
GG genotype than in those with the CC genotype; and the participants carrying G
allele also had a high risk of NAFLD (GG + GC vs CC, OR 2.364, 95%CI: 1.105-5.055, P
= 0.025) (Table 3). The multiple logistic regression analysis revealed that the
PPARGCI1A rs8192678 A allele was a risk factor for NAFLD (OR 2.202, 95%CI: 1.030-

4.705, P = 0.042) independent of age, sex, and PNPLA3 rs738409 polymorphism
(Table 5).

Association between PPARGC1A rs8192678 polymorphism and hepatic histological

features

The hepatic histological features, including steatosis, activity (lobular inflammation
and ballooning), and fibrosis, were assessed in patients with NAFLD. The frequencies
of PPARGCI1A rs8192678 GA + AA genotypes were remarkably higher in patients
with moderate-to-severe steatosis (S2-3) and activity 2-4 (A = 2) compared with those
with mild steatosis (S1) and activity 0-1 (A < 2). Also, the carriers with risk A allele
(carrying GA and AA genotypes) had a significantly increased risk in NAFLD patients
with 52-3 and A =2 (OR 5.000, 95%CI: 1.343-18.620, P = 0.012 and OR 4.071, 95%CI:
1.076-15.402, P = 0.031). The multivariate analysis showed that PPARGCI1A rs8192678
A allele was also significantly associated with S2-3 and A > 2 (OR 6.190, 95%CI: 1.508-
25.410, P = 0.011 and OR 4.506, 95%CI: 1.070-18.978, P = 0.040) after adjusting for age,
sex, BMI, and PNPLA3 rs738409 risk G allele. However, no significant differences were
found in significant fibrosis 2-4 (F2-4) and advanced fibrosis 3-4 (F3-4) compared with
FO0-1 and FO-2 (P = 0.186 and P = 0.426) (Figure 1A-E and Table 6).

The patients with NASH carrying PPARGCI1A rs8192678 GA + AA genotypes had
an OR of 4.431 (95%CI: 1.245-15.763, P = 0.017) when compared with NAFL (Table 4).
The multivariate analysis also showed that PPARGC1A rs8192678 risk A allele was
independently associated with NASH after adjusting for age, sex, BMI, and PNPLA3
rs738409 risk G allele in patients with NAFLD (OR 6.337, 95%CI: 1.135-35.392, P =
0.035) (Table 6).

PPARGC1A rs8192678 genotype is associated with nonobese NASH patients

The GA + AA genotypes were not associated with obese NAFLD, obese NASH, and
obese NAFL in the dominant model compared with nonobese NAFLD, nonobese
NASH, and nonobese NAFL, respectively. Genetic analysis also showed no significant
difference in the patients carrying A allele in PPARGC1A rs8192678 between obese
NASH and obese NAFL groups (Table 4).

The remaining anthropometric values, biochemical test values, and PNPLA3
polymorphism did not show any significant differences between the two groups, apart
from a trend in a higher level of GGT (P = 0.068) and CAP (P = 0.056) in nonobese
NASH. However, genetic analysis showed that the proportion of PPARGCIA
rs8192678 GA + AA genotypes was significantly higher in the patients with nonobese
NASH compared with patients with nonobese NAFL, which was significantly
associated with nonobese NASH (OR 22.000, 95%ClI: 1.540-341.292, P = 0.021) (Tables 4
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Table 1 Clinical characteristics of patients with nonalcoholic fatty liver disease and controls

Variables NAFLD (n = 59) Controls (n=93) P value
Sex (M/F) 43/16 59/34 0.227
Age (year) 38.20+13.78 4220 £11.05 0.039
BMI (kg/m?) 27.31+3.31 23.06 +2.74 <0.0001
ALT (U/L) 70.56 +47.6 24.98 +16.07 <0.0001
GGT (U/L) 72:751£55.22. 25.94 +18.17 <0.0001
ALP (U/L) 97.07 +44.73 96.50 + 32.54 0.347
TC (mmol/L) 4.86 £ 0.86 4.39+0.89 0.001
TG (mmol/L) 1.99+1.25 1.14+0.74 <0.0001
HDL-C (mmol/L) 1.20£0.28 1.23£0.28 0.177
LDL-C (mmol/L) 2.83+0.7 2.24 +0.50 <0.0001
FBG (mmol/L) 5.93 £2.62 531£0.79 0.941
UA (pmol/L) 361.32 +105.78 274.25 +76.53 <0.0001
CAP (dB/m) 313 (277-351) 212 (172-232) <0.0001
LSM (kPa) 7.7 (5.6-12) 5.25 (4.1-7.0) <0.0001
Hypertension, n (%) 22 (37.29%) 15 (16.13%) 0.003
T2DM, n (%) 7 (11.86%) 1(1.08%) 0.005
Obesity, 1 (%) 41 (69.49%) 19 (20.43%) <0.0001
Steatosis (S, 1)

S1/S2/S3 25/25/9 / /
Activity (A, n)

A0/A1/A2/A3/A4 1/12/16/22/8 / /
Fibrosis (F, n)

FO/F1/F2/F3/F4 11/29/8/7/4 / /

The data are expressed as mean + SD, or as 7 (%) for normally distributed variables and as median (interquartile range) when distribution of the variable

was skewed. NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass index; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: y-

glutamyl transpeptidase; TC: Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein

cholesterol; FBG: Fasting blood glucose; UA: Uric acid; LSM: Liver stiffness measurement; CAP: Controlled attenuation parameter; T2DM: Type 2 diabetes

mellitus.
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and 7).

mRNA expression of PPARGC1A in the liver of patients with NAFLD

The expression of PPARGC1A mRNA in the liver biopsy specimens of patients with
NAFLD was evaluated by RT-PCR. The results obtained by RT-PCR in the GA or AA
group (n = 5) were compared with the results in the GG group (n = 5) at PPARGC1A
rs8192678. As shown in Figure 1F, the expression of PPARGC1A mRNA transcripts in
the liver was significantly lower in the GA or AA group than in the GG group (P =
0.014).

DISCUSSION

Genetic factors may be important in the development of NAFLD, in either obese or
nonobese patients. The present study further indicated that PPARGC1A rs8192678 risk
A allele was associated with liver biopsy-proven NAFLD susceptibility in a Chinese
Han adult population, and it was especially associated with NASH compared with
NAFL. The PPARGCI1A rs8192678 risk A allele was also associated with nonobese
NASH in patients with nonobese NAFLD. In addition, this polymorphism was
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Table 2 Clinical characteristics of patients with nonalcoholic steatohepatitis and nonalcoholic fatty liver among patients with

nonalcoholic fatty liver disease

Variable NAFL (n = 22) NASH (n = 37) P value
Sex (M/F) 17/5 26/11 0.559
Age (year) 3723 +13.64 38.78 +14.01 0.605
BMI (kg/m?) 27.07 +3.69 27.38+3.17 0.675
ALP (U/L) 102.96 + 52.34 93.56 + 39.91 0.982
GGT (U/L) 38.00 (23.80-69.03) 69.70 (39.00-85.50) 0.023
ALT (U/L) 46.00 (30.33-64.95) 7140 (46.9-111.70) 0.006
TC (mmol/L) 5.03 +1.04 476 +0.72 0.801
TG (mmol/L) 1.91+0.74 2.04+1.48 0.532
HDL-C (mmol/L) 1.21+£0.28 119+0.28 0.903
LDL-C (mmol/L) 2.97+0.91 2.72+0.49 0.444
FBG (mmol/L) 6.43 +3.59 5.62+1.77 0.318
UA (pmol/L) 360.91 +107.80 361.62 +106.22 0.482
CAP (dB/m) 295.50 (249.25-345.00) 333.00 (296.25-356.25) 0.038
LSM (kPa) 6.20 (4.55-9.95) 9.60 (6.50-12.85) 0.008
Obesity, 1 (%) 16 (72.73) 25 (60.97) 0.677
Hypertension, n (%) 8 (36.36) 14 (37.84) 0.910
T2DM, n (%) 3 (13.64) 4 (10.81) 0.746

The data are expressed as mean + SD, or as n (%) for normally distributed variables and as median (interquartile range) when distribution of the variable
was skewed. NAFL: Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; BMI: Body mass index; ALP: Alkaline phosphatase; GGT: y-glutamyl
transpeptidase; ALT: Alanine aminotransferase; TC: Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-
density lipoprotein cholesterol; FBG: Fasting blood glucose; UA: Uric acid; LSM: Liver stiffness measurement; CAP: Controlled attenuation parameter;
T2DM: Type 2 diabetes mellitus.

Table 3 Genotype distribution of PPARGC1A rs8192678 and patatin-like phospholipase domain-containing protein 3 rs738409 in

patients with nonalcoholic fatty liver disease and controls

Genotype NAFLD (n =59) Controls (n=93) X P value OR (95%Cl)
PPARGCIA rs8192678

GG 14 (23.73%) 39 (41.94%)

GA 37 (62.71%) 37 (39.78%) 7.148 0.008 2.786 (1.300-5.962)
AA 8 (13.56%) 17 (18.28%) 0.262 0.609 1.311 (0.464-3.704)
GA+AA 45 (76.27%) 54 (58.06%) 5.269 0.022 2.321 (1.121-4.806)
PNPLAS3 rs738409

cC 12 (20.34%) 35 (37.63%)

CcG 27 (45.76%) 43 (46.24%) 2152 0.142 1.831 (0.812-4.131)
GG 20 (33.90%) 15 (16.13%) 8.423 0.004 3.889 (1.524-9.926)
CG +GG 47 (79.56%) 58 (62.37%) 5.055 0.025 2.364 (1.105-5.055)

OR: Odds ratio; CI: Confidence interval; PNPLA3: Patatin-like phospholipase domain-containing protein 3; NAFLD: Nonalcoholic fatty liver disease.

associated with moderate-to-severe steatosis and higher histological activity, but not
with significant and advanced fibrosis.

PPARGC1A/PGC-1a is a coactivator for a number of transcription factors,
including the peroxisome proliferator-activated receptor. PGC-1a is a critical regulator
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Table 4 Association tests of PPARGC1A rs8192678 polymorphism between different groups

Case Control Dominant model
PPARGC1A rs8192678

GG GA AA GG GA AA X P value OR (95%Cl)
NAFLD vs Control 14 37 8 39 37 17 5.269 0.022 2.321 (1.121-4.806)
NASH vs Control 5 28 4 39 37 17 9.550 0.002 4.622 (1.653-12.929)
NASH vs NAFL 5 28 4 9 9 4 5.721 0.017 4.431 (1.245-15.763)
Obese vs nonobese participants 17 33 10 36 41 15 1.864 0.172 1.626 (0.807-3.276)
Obese NAFLD vs nonobese NAFLD 9 27 5 5 10 3 0.235 0.628 1.368 (0.384-4.865)
Obese NASH vs nonobese NASH 4 19 2 1 9 2 0.408 0.348 0.477 (0.047-4.806)
Obese NAFL vs nonobese NAFL B 8 3 4 1 1 2.264 0.132 4.400 (0.596-32.501)
Obese NASH vs obese NAFL 4 19 2 ® 8 3 1.324 0.250 2.386 (0.531-10.734)
Nonobese NASH vs nonobese NAFL 1 9 2 4 1 1 6.785 0.021 22.000 (1.540-314.292)

NAFL: Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; NAFLD: Nonalcoholic fatty liver disease; OR: Odds ratio; CI: Confidence interval.

Table 5 Multiple logistic regression analysis of predictive factors for nonalcoholic fatty liver disease

Variables B S.E. Wald OR (95%Cl) P value
Age (year) -0.031 0.015 4.236 0.970 (0.942-0.999) 0.040
Sex (Male) -0.233 0.385 0.365 0.793 (0.373-1.686) 0.546
PPARGCIA rs8192678 A allele 0.789 0.388 4.148 2.202 (1.030-4.705) 0.042
PNPLA3 15738409 G allele 0.857 0.403 4524 2356 (1.070-5.191) 0.033

OR: Odds ratio; CI: Confidence interval; PNPLA3: Patatin-like phospholipase domain-containing protein 3.

Table 6 Association of the PPARGC1A genotypes with steatosis, activity, and fibrosis in patients with nonalcoholic fatty liver disease

Genotypes Dominant model Multivariate analysis'
Histological features
GG (n=14) GA + AA (n=45) Pvalue OR (95%Cl) P value OR (95%Cl)
Steatosis (S) S1 10 (71.43%) 15 (33.33%)
$2-3 4 (28.57%) 30 (66.67%) 0.012 5.000 (1.343-18.620)  0.011 6.190 (1.508-25.410)
Activity (A) A<2 6 (42.86%) 7 (15.56%)
Az2 8 (57.14%) 38 (84.44%) 0.031 4.071 (1.076-15.402)  0.040 4.506 (1.070-18.978)
Significant fibrosis ~ F0-1 12 (85.71%) 28 (62.22%)
F2-4 2 (14.29%) 17 (37.78%) 0.100 3.643 (0.726-18.292)  0.186 3.449 (0.551-21.598)
Advanced fibrosis Fo-2 13 (92.86%) 35 (77.78%)
F3-4 1(7.14%) 10 (22.22%) 0.206 3.714 (0.432-31.949)  0.426 2.549 (0.255-25.490)
NASH NAFL 9 (64.28%) 13 (28.89%)
NASH 5 (35.71%) 32 (71.11%) 0.017 4.431 (1.245-15.763)  0.035 6.337 (1.135-35.392)

!Multivariate analysis adjusted for age, sex, body mass index, and patatin-like phospholipase domain-containing protein 3 rs738409 risk G allele. NAFL:
Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; OR: Odds ratio; CI: Confidence interval.

of adaptive thermogenesis, cellular respiration, and energy metabolism[17]. Recent
studies suggested that PGC-1a also regulates lipid metabolism, PGC-1a stimulates the
expression of farnesoid X receptor (FXR) target genes in hepatic cells and reduces TG
secretion by enhancing FXR activity[18]. In addition, PGC-1a can transactivate the
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Table 7 Biochemical and genetic characteristics of patients with nonobese nonalcoholic fatty liver disease

Variables NAFL (n = 6) NASH (n=12) P value
Sex (M/F) 4/2 10/2 0.569
Age (year) 35.33 +18.44 39.67 + 4.80 0.452
BMI (kg/m?) 22.83 +1.61 23.69 £0.90 0.122
ALP (U/L) 123.32 % 77.62 84.25 +23.28 0.426
GGT (U/L) 28.50 (21.18-85.00) 73.25 (54.75-99.25) 0.068
ALT (U/L) 42,00 (21.78-78.50) 71.15 (41.10-115.25) 0.325
TC (mmol/L) 511+0.55 4.96 £1.02 0.606
TG (mmol/L) 2.00 £0.43 1.77£0.95 0.371
HDL-C (mmol/L) 1.10£0.16 1.24 +£0.44 0.943
LDL-C (mmol/L) 3.16 £ 0.46 2.82+0.80 0.524
FBG (mmol/L) 5.03 £ 0.94 524 +0.85 0.587
UA (pmol/L) 360.86 + 167.34 354.17 + 67.43 0.684
CAP (dB/m) 257.00 £ 57.03 316.73 + 43.48 0.056
LSM (kPa) 6.95 £ 4.07 6.79 £2.06 0.421
PPARGCIA rs8162678

GG, 11 (%) 4 (66.67) 1(8.33)

GA + AA, 1 (%) 2 (33.33) 11 (91.67) 0.021
PNPLA3 rs738409

CC, 1 (%) 2 (33.33) 1(8.33)

CG + GG, 1 (%) 4 (66.67) 11 (91.67) 0.245

The data are expressed as mean * SD, or as 7 (%) for normally distributed variables and as median (interquartile range) when distribution of the variable
was skewed. NAFL: Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; BMI: Body mass index; ALT: Alanine aminotransferase; ALP: Alkaline
phosphatase; GGT: y-glutamy] transpeptidase; TC: Total cholesterol; TG: Total triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-
density lipoprotein cholesterol; FBG: Fasting blood glucose; UA: Uric acid; LSM: Liver stiffness measurement; CAP: Controlled attenuation parameter;

PNPLA3: Patatin-like phospholipase domain-containing protein 3.
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hepatocyte nuclear factor 4a-dependent human hepatic lipase gene promoter to
increase the production of hepatic lipase. The PGC-1a is also highly expressed in the
liver and coordinates the induction of fatty acid oxidation when fasting. Multiple
studies showed that decreased PGC-1a expression might be the mechanism
underlying metabolic diseases. Tissue-specific reduction of PGC-1a expression in
adipose, liver, and muscle reduced glucose tolerance and insulin sensitivity in mice[19,
20], supporting the hypothesis that decreased PGC-1a expression in insulin-sensitive
tissues might contribute to a higher risk of T2DM. PPARGC1A mRNA expression
decreased in muscle and adipose tissue of human participants with T2DM[21], and a
correlation existed between adipose PGC-1a protein levels and decreased insulin
sensitivity[22]. T2DM was also a risk factor for NAFLD. Another reported PPARGC1A
polymorphism rs2290602 also decreased the expression of PPARGCI1A in patients with
NAFLD[6]. Therefore, genetic factors that alter the expression of PGC-1a might
participate in the pathogenesis of NAFLD. The present study also indicated that the
expression of PPARGCI1A was significantly lower in patients who carried the A allele,
which supported the hypothesis that decreased PGC-1a expression in steatosis liver
tissues might contribute to a higher risk of NAFLD.

Recently, the association between different single nucleotide polymorphisms (SNPs)
and metabolic diseases, such as NAFLD, was reported[23]. Therefore, different
polymorphisms of PPARGCIA associated with different metabolic diseases were
investigated. Iglseder et al[24] showed that the -3974T/C (rs2970865) polymorphism of
the PPARGCIA gene was associated with the severity of carotid atherosclerosis. The
variations in rs2290602 in the PPARGCIA gene was expected to affect lipid and
glucose metabolism and result in the development of NAFLD and NASH][6]. Another
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Figure 1 Comparison of various quantitative phenotypes (hepatic histological features and mRNA expression) in patients with
nonalcoholic fatty liver disease at the PPARGC1A rs8192678 polymorphism. A-E: Prevalence of moderate-severe steatosis (S2-3), activity 2-4 (A 2
2), significant fibrosis (F2-4), advanced fibrosis (F3-4), and nonalcoholic steatohepatitis according to the PPARGC1A rs8192678 polymorphism in 59 patients with
nonalcoholic fatty liver disease. The reference genotype for the PPARGC1A rs8192678 polymorphism was GG, and a mode of dominant inheritance was used; F:

The intrahepatic mRNA expression of PPARGC1A between the GG group (n = 5) and the GA or AA group (n = 5) at PPARGC1A rs8192678. NASH: Nonalcoholic
steatohepatitis.
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common PPARGCIA rs8192678 polymorphism might contribute to the risk of
coronary artery disease in the Chinese population[9,24], and was also associated with
obesity, hypertension, and T2DM. This polymorphism in PPARGC1A was also
reported to be related to the susceptibility of NAFLD in different populations and
ethnicities. The present study showed that the variation of PPARGC1A rs8192678 GA
genotype was significantly higher in patients with NAFLD, but PPARGC1A rs8192678
AA genotype showed no difference between NAFLD and control groups, and the
percentage of AA genotype was only 13.56% (8/59) in NAFLD patients, which was
consistent with the findings of Lin et al[7] in obese children in Taiwan. The explanation
of this finding in Lin et al[7] concluded two probable reasons. First, the number with
PPARGCIA rs8192678 AA genotype was relatively small, because of the sample
variation and inadequate statistical power, the role of AA genotype in NAFLD was not
presented. Second, the cellular effects of PGC-1a were complicated, and the
mechanism by which PGC-1a influenced the pathogenesis of NAFLD was still unclear
[7]. However, a comparison between GA + AA and GG genotypes revealed that the
participants who carried the PPARGCIA rs8192678 A allele were found to be
significantly associated with not only liver biopsy-proven NAFLD but also NASH,
independent of age, sex, BMI, and PNPLA3 rs738409 risk G allele in the dominant
model. No study analyzed the association between the PPARGCIA 158192678 A allele
and hepatic histological features in NAFLD. Significant associations of PPARGC1A
rs8192678 risk A allele with moderate-to-severe steatosis and higher histological
activity in patients with NAFLD were found in this study. However, significant
fibrosis and advanced fibrosis were not associated with PPARGCIA rs8192678 risk A
allele. This suggested that PPARGC1A rs8192678 risk A allele was associated with
steatosis and liver damage, contributing to the occurrence of NASH.

Several studies reported that PPARGCI1A rs8192678 was significantly associated
with obesity; this polymorphism conferred a higher risk of obesity in certain
populations[25,26]. The patients who carried PPARGCIA rs8192678 AA genotype
benefited more from interventions aimed at weight loss, including caloric restriction,
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bariatric surgery, and acarbose treatment[27,28]. The prevalence of lean NAFLD and
nonobese NAFLD has increased in eastern and western countries in recent years. The
genetic, metabolic, microbiome, metabolomics, and inflammatory factors may also be
the causes of NAFLD in lean or nonobese individuals. Genetic factors may also be
important in the occurrence and development of nonobese NAFLD. IFNL3 rs12979860
polymorphism has been shown to be associated with hepatic inflammation and
fibrosis in patients with nonobese NAFLD[29]. Two SNPs rs12447924 and rs12597002
of the cholesteryl ester transfer protein gene were reported to be associated with a risk
of steatosis in nonobese individuals[30]. Wang et al[31] found a significantly higher
prevalence of advanced fibrosis (F = 3) and LSM values in patients with nonobese
NASH compared with obese NASH; also, a higher prevalence of TM6SF2 T allele was
observed in patients with nonobese NASH, indicating that patients with nonobese
NASH had more severe hepatic histological changes and genetic susceptibility in the
Chinese population[31]. The present study found that the PPARGCIA rs8192678 A
allele was not significantly closely associated with obese participants, patients with
obese NAFLD, and patients with obese NASH. However, the PPARGC1A rs8192678 A
allele was relatively more common in patients with nonobese NASH compared with
patients with obese NASH. The results also showed that the PPARGC1A rs8192678
GA + AA genotypes were remarkably associated with nonobese NASH, indicating
that the PPARGCI1A rs8192678 A allele was associated with a high risk of NASH. This,
especially, increased the risk of nonobese NASH, and the PPARGC1A rs8192678
polymorphism might be the pathogenesis of nonobese NASH. Despite no significant
difference in TC, TG, ALT, GGT, FBG, UA, and CAP values and PNAPL3 rs738409
between the nonobese NAFL and NASH groups, the levels of GGT (P = 0.068) and
CAP (P = 0.056) followed an increasing trend in nonobese NASH. This suggested that
genetic background might also be a risk factor for nonobese NASH. The influence of
metabolic factors, such as lipid and glucose, needs further exploration using a large
sample.

The association between PPARGC1A 158192678 and NAFLD in the Asian
population is controversial. Hui ef al[15] and Zhou et al[14] reported no association
between the PPARGC1A rs8192678 variant and ultrasound-defined NAFLD in
Chinese adults[14,15]. However, Tai et al[8] reported that the PPARGCI1A variant
rs8192678 was associated with liver biopsy-proven NASH in severely obese Taiwanese
patients[8]. Saremi et al[32] also indicated that the AA genotype and A allele of
PPARGCI1A increased in Iranian patients with liver biopsy-proven NAFLD[32]. The
frequency of the PPARGC1A rs8192678 A allele was 0.453 in Han Chinese, 0.350 in
Europeans, and 0.040 in Africans according to the National Center for Biotechnology
Information human SNP database, which inferred that the PPARGC1A rs8192678 risk
A allele conferred a higher genetic susceptibility to NAFLD in Asians than in
Europeans and Africans[7]. Also, the PPARGCI1A rs8192678 was associated with
NAFLD, especially NASH, in the Chinese Han adult population with liver biopsy-
proven NAFLD. This contradictory conclusion might be due to the different criteria
used for the definition of NAFLD; ultrasonography or liver biopsy was carried out in
different studies. In the present study, the gold diagnostic standard for NAFLD, liver
histopathology, was used to avoid the potential image bias in Chinese Han patients
with NAFLD.

However, this study also had limitations. First, obtaining liver biopsies was difficult,
and hence patients with NAFLD were relatively few, especially those with nonobese
NAFLD. Consequently, no statistically significant differences were identified. Second,
the risk factors such as hypertension and diabetes, which might influence
obese/nonobese NAFLD, were not mentioned in this study. Therefore, a large number
of patients with liver biopsy-proven NAFLD should be included in further studies,
and well-designed case-control studies should be performed to confirm and support
these findings.

CONCLUSION

In conclusion, the present study showed that PPARGCIA rs8192678 risk A allele was
associated with liver biopsy-proven NAFLD/NASH, which also had an effect on the
severity of hepatic histological features (S2-3 and A > 2), and might also be associated
with nonobese NASH in the Chinese Han adult population. These findings also
suggested that PPARGC1A polymorphism rs8192678 risk A allele and lower
expression of PPARGCIA mRNA might contribute to the etiology of NAFLD. Further
studies with large samples are required to confirm these findings.
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Research background

Nonalcoholic fatty liver disease (NAFLD) has become the most common chronic liver
disease and is a significant global burden worldwide. It is also common in obese and
nonobese populations. Although the mechanism of NAFLD is unclear, genetic suscept-
ibility plays a vital role in NAFLD. The association between PPARGC1A rs8192678
polymorphism and NAFLD has been reported in several studies, but it is controversial
in the Asian population. Whether PPARGCI1A rs8192678 is associated with hepatic
histological features in NAFLD in the Chinese population is unknown.

Research motivation

The association between PPARGCI1A rs8192678 polymorphism and NAFLD requires
further investigation, and the association with hepatic histological features and
nonobese NAFLD in the Chinese population is unknown.

Research objectives
The aim was to investigate the association between PPARGCIA rs8192678

polymorphism and nonalcoholic steatohepatitis (NASH) and to determine whether
PPARGC1A rs8192678 is associated with the hepatic histological features of NASH.

Research methods

Patients with NAFLD and healthy controls were recruited to a cohort representing the
Chinese Han population. Patients with NAFLD were proven by liver biopsy. The SAF
(Steatosis, activity, and fibrosis) scoring system was used for histopathological
evaluation. The polymorphisms of PPARGCI1A rs8192678 and patatin-like phospho-
lipase domain-containing protein 3 (PNPLA3) rs738409 were genotyped. The intra-
hepatic mRNA expression of PPARGC1A was evaluated by real-time polymerase
chain reaction.

Research results

In NAFLD patients, 37 patients had NASH, of which 12 were nonobese NASH. The
PPARGC1A rs8192678 risk A allele (carrying GA and AA genotypes) increased the
risk of NAFLD in the dominant model. The PPARGCI1A rs8192678 A allele was also
found to be a risk factor for NAFLD after adjusting for age, sex, and PNPLA3 rs738409
polymorphism. In the hepatic histological features of NAFLD patients, moderate-to-
severe steatosis (52-3), and Activity 2-4 (A > 2) were more likely to carry PPARGC1A
rs8192678 risk A allele. After adjusting for age, sex, body mass index, and PNPLA3
rs738409 risk G allele, the PPARGC1A rs8192678 risk A allele was also independently
associated with S2-3, A > 2, and NASH. The results also showed that this
polymorphism was associated with nonobese NASH. In the group of patients who
carried A allele (GA or AA genotypes), the intrahepatic expression of PPARGC1A
mRNA was significantly lower than that in patients with GG genotype.

Research conclusions

The PPARGC1A rs8192678 A allele is a risk factor for NAFLD, and is associated with
the severity of hepatic histological features (S2-3 and A > 2) and NASH in NAFLD
patients, independent of PNPLA3 rs738409, and might be associated with nonobese
NASH.

Research perspectives

The result that PPARGCI1A rs8192678 was associated with liver biopsy-proven NASH
and had an additive effect on the severity of hepatic histological features was further
confirmed in the Chinese Han adult population. PPARGCIA rs8192678 might
contribute to the etiology of NAFLD. PPARGCIA rs8192678 might be a useful tool for
diagnosing NASH and predicting the severity of the hepatic histological features of
NAFLD.
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