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Single-nucleotide polymorphisms (SNPs) of apolipoprotein C3 (APOC3) play important role in lipid metabolism, and dyslipidemia
underlies nonalcoholic fatty liver disease (NAFLD). But the correlation of serum lipidomics, APOC3 SNPs, and NAFLD remains
limited understood. Enrolling thirty-four biopsy-proven NAFLD patients from Tianjin, Shanghai, Fujian, we investigated their
APOC3 genotype and serum lipid profile by DNA sequencing and ultraperformance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS), respectively. Scoring of hepatocyte steatosis, ballooning, lobular inflammation, and liver fibrosis
was then performed to reveal the role of lipidomics-affecting APOC3 SNPs in NAFLD-specific pathological alterations. Here, we
reported that APOC3 SNPs (rs4225, rs4520, rs5128, rs2070666, and rs2070667) intimately correlated to serum lipidomics in
NAFLD patients. A allele instead of G allele at rs2070667, which dominated the SNPs underlying lipidomic alteration, exhibited
downregulatory effect on triacylglycerols (TGs: TG 54 : 7, TG 54 : 8, and TG 56 : 9) containing polyunsaturated fatty acid
(PUFA). Moreover, subjects with low-level PUFA-containing TGs were predisposed to high-grade lobular inflammation
(TG 54 : 7, rho = −0:454 and P = 0:007; TG 54 : 8, rho = −0:411 and P =0.016; TG 56 : 9, rho = −0:481 and P = 0:004). The
significant correlation of APOC3 rs2070667 and inflammation grading [G/G vs. G/A+A/A: 0.00 (0.00 and 1.00) vs. 1.50
(0.75 and 2.00), P = 0:022] further confirmed its pathological action on the basis of lipidomics-impacting activity. These
findings suggest an inhibitory effect of A allele at APOC3 rs2070667 on serum levels of PUFA-containing TGs, which are
associated with high-grade lobular inflammation in NAFLD patients.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) reflects an impor-
tant pathological syndrome demonstrating hepatocyte stea-
tosis, ballooning, and lobular inflammation, with clinical
outcomes of liver fibrosis/cirrhosis, hepatocellular carci-
noma, and related mortality [1–8]. By its rapid growing inci-
dence in the recent decades, NAFLD has already been a
leading cause of chronic liver diseases worldwide [9–13].
Aberrant lipid metabolism, which facilitates the hepatocyte
steatosis, oxidative stress, hepatic injury, and inflammation
[12, 14–16], is now widely accepted to serve as a fundamen-
tal etiology that results in the NAFLD-inducing “multiple
hits” [10, 17, 18].

Nowadays, multiple studies reveal an intimate associa-
tion of single-nucleotide polymorphisms (SNPs) in the
lipometabolism-related genes [19–24] and the genetic sus-
ceptibility of NAFLD [25–32]. Among these genes, APOC3
encodes apolipoprotein C3 (apoC3), which is the critical
inhibitor of lipoprotein lipase (LPL) in chylomicron (CM)
remnants and very-low-density lipoprotein (VLDL) [33–
35]. The modulatory effect of apoC3 on LDL receptor
(LDLR) activation causes the reduction of uptake and inte-
gration of triglyceride- (TG-) rich particles in hepatocytes
[33–35]. Loss-of-function mutations of APOC3 (R19X,
IVS2+1G→A, IVS3+1G→T, A43T, and V50M) [33, 36] have
been well described to correlate to plasma triglycerides [37]
and related cardiovascular diseases (coronary heart disease,
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ischemic cardiovascular disease, etc.) in heterozygous car-
riers [33, 36]. The critical role of APOC3 in lipid metabolism,
together with the dyslipidemia caused by APOC3 mutations
[38, 39] and apolipoprotein C3 deficiency [33, 36], suggests
an association of APOC3 SNPs and dyslipidemia-based
NAFLD. However, this APOC3 SNPs and NAFLD associ-
ation remains limited, yet controversial, understood [32,
40–43]. In brief, APOC3 variants (C-482T or T-455C) in
the promoter are reported to predispose subjects to NAFLD
by Petersen et al. [32], but this observation was disproved
by Kozlitina et al. [41]. Thus, the correlation of APOC3 SNPs,
serum lipids, and NAFLD needs further exploration.

We, therefore, performedAPOC3 sequencing, serum lipi-
domic detection, and pathological evaluation in Chinese Han
patients with biopsy-proven NAFLD. The association among
APOC3 SNPs, serum lipid profile, and pathological scoring
was then investigated to uncover the lipidomics-based inter-
vention of APOC3 polymorphisms on NAFLD.

2. Materials and Methods

2.1. Study Subjects. Thirty-four (male : female = 19 : 15)
Chinese Han patients with biopsy-proven NAFLD were
recruited from Xinhua Hospital, Shanghai (n = 17); Tianjin
Hospital of Infectious Diseases, Tianjin (n = 9); and Zhengx-
ing Hospital, Zhangzhou, Fujian (n = 8) during January 2012
and June 2013 in this cross-sectional study (Table 1). The fol-
lowing criteria were employed for patient exclusion: (1)
drinking history or excessive alcohol consumption, (2) virus
hepatitis, (3) steatosis-related chronic liver diseases, and (4)
liver transplantation [44–47]. Each participator provides
1mL total blood for further detection. Institutional approval
of this study was obtained from Xinhua Hospital Research
Ethics Committee, and informed consent was issued by each
participant. All methods in this study were conducted in
accordance with the approved guidelines and the Declaration
of Helsinki.

2.2. DNA Isolation and Genotyping of APOC3 SNPs. After
centrifugation of 500μl total blood, DNA was extracted from
peripheral mononuclear cells by QiAamp DNA Mini Kit
(Qiagen, Venlo, Netherlands). The concentration and quality
of DNA were verified using NanoDrop® ND-1000 (Thermo
Fisher Scientific, Waltham, MA, USA) and 0.8% agarose gel
electrophoresis. Thereafter, primers of five APOC3 SNPs
(rs4225, rs4520, rs5128, rs2070666, and rs2070667) were
designed on the basis of dbSNP database (https://www.ncbi
.nlm.nih.gov/snp/) to construct a custom Ion AmpliSeq
panel (Thermo Fisher Scientific, Waltham, MA, USA). The
emulation polymerase chain reaction (PCR) of the template
DNA was processed using the Ion OneTouch 2 System
(Thermo Fisher Scientific, Waltham, MA, USA) according
to the manufacturer’s instructions. APOC3 SNPs were suc-
cessively genotyped according to the following procedures:
(1) DNA sequencing by Ion 318 Chip on the Ion PGM™ Sys-
tem (Thermo Fisher Scientific, Waltham, MA, USA) and (2)
data analysis by the Auto-user software (Life Technology,
Gaithersburg, MD, USA) [48].

2.3. Lipidomics Analysis. Serum sample (40μl) from each
NAFLD patient was subjected to serum lipidomic analysis
using Triple TOF 5600 mass spectrometer (AB SCIEX,
Framingham, MA, USA) by means of untargeted ultraper-
formance liquid chromatography-tandem mass spectrome-
try (UPLC-MS/MS). Firstly, a Waters BEH C8 column
(2:1mm × 100mm and 1.7μm) was used for lipid separation.
The mobile phases were composed of 3 : 2 (v/v) ACN/H2O
(10mM AcAm, phase A) and 9 : 1 (v/v) IPA/ACN (10mM
AcAm, phase B). A 20-minute elution gradient program
was run at the flow rate of 0.26mL/min and the column tem-
perature of 55°C. The elution gradient stared with 32% B for
1.5min and rose up linearly to 85% B at 14min, then reached
97% B at 15.5min for 2.5min. It returned to 32% B within
0.1min and held for 1.9min for column equilibration.

The UPLC-MS/MS parameters conducted for lipid detec-
tion were summarized as follows: temperature of interface
heater, 600°C in electrospray ionization (ESI) (–) and 500°C
in ESI (+); ion spray voltage of MS: 4500V in ESI (–) and
5500V ESI (+); declustering potential: 100V ESI (–) and
100V ESI (+); collision energy: 10V ESI (–) and 10V ESI
(+). Thirteen quality control (QC) samples were randomly
inserted into the testing sequence.

Raw data obtained was identified using LipidView/Peak-
View (AB SCIEX, Framingham, MA, USA) and quantified
using MultiQuant 2.0 (AB SCIEX, Framingham, MA, USA).
The relative standard deviation of 239 serum lipids in QC
samples was measured against the internal standards [49].

2.4. Hepatic Histopathologic Assessment. Liver specimens
from each patient were obtained by ultrasound-guided nee-
dle biopsy. Each sample was then treated by 10% formalin
fixing, paraffin embedding, slicing, and hematoxylin & eosin
(HE) and Masson’s trichrome staining in succession. Three
pathologists who were not aware of the study assessed the
NAFLD-related pathological characteristics according to
the steatosis, activity, and fibrosis (SAF) scoring method as
follows: (1) steatosis (S0, <5%; S1, 5-33%; S2, 34-66%; S3,
>66%); (2) activity: sum of lobular inflammation (0, no foci

Table 1: Basic information of population.

Mean SD

Age (years) 41.03 14.81

Weight (kg) 75.34 9.49

Waist (cm) 90.59 6.61

BMI (kg/m2) 26.90 3.13

ALB (mg/dl) 41.36 7.55

ALT (U/L) 70.47 56.19

AST (U/L) 52.04 34.78

TC (mg/dl) 4.70 0.64

TG (mg/dl) 1.71 0.70

HDL (mg/dl) 1.16 0.28

LDL (mg/dl) 2.70 0.56

SD: standard deviation; ALB: albumin; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; TC: total cholesterol; TG: total triglyceride;
HDL: high-density lipoprotein; LDL: low-density lipoprotein.
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per 200× field; 1, <2 foci per 200× field; 2, 2-4 foci per 200×
field; 3, >4 foci per 200× field) and ballooning (0, none; 1,
few balloon cells; 2, many cells/prominent ballooning); (3)
fibrosis (F0, none; F1, perisinusoidal or portal fibrosis; F2,
perisinusoidal and periportal fibrosis without bridging; F3,
bridging fibrosis; F4, cirrhosis) [1, 50–52].

2.5. Statistical Analysis. All data were expressed as means ±
standard deviation (SD). Unpaired Student’s independent
t-test was used to investigate the differences in serum lipi-
domics after examining the normality of data (P ≥ 0:1) by
Kolmogorov-Smirnov test. Spearman’s correlation was per-
formed to evaluate the association of serum lipid profile
and hepatic histological parameters. Differences in histo-
logical parameters were analyzed by Mann-Whitney U
test. Analyses were performed using SPSS21.0 (SPSS Inc.,
Chicago, IL, USA) with a two-side significant criterion at
P < 0:05.

3. Results

3.1. APOC3 SNPs Correlated with Serum Lipidomics in
NAFLD Patients. Detecting APOC3 SNPs and 239 serum
lipids, the effect of APOC3 polymorphisms on serum lipido-
mics was subjected to evaluation. Dramatically, there was a
distinct correlation between APOC3 SNPs (rs4225, rs4520,
rs5128, rs2070666, and rs2070667) and serum lipidomics in
our NAFLD cohort (Table 2). APOC3 SNP-related lipids,
including ceramide (Cer), diacylglycerol (DG), choline plas-
malogen (PCO), phosphatidylethanolamine (PE), ethanol-
amine plasmalogen (PEO), phosphatidylinositol (PI), and
triacylglycerol (TG), characterized the lipidomic alteration
(Table 2).

3.2. G/A or A/A Genotype of APOC3 rs2070667 Exhibited
Downregulatory Effect on Serum Lipid Profile. In contrast to
most APOC3 SNPs exhibiting limited-scale lipidomic associ-
ation, APOC3 rs2070667 exerted wide-range impacts on
serum lipids of Cer, DG, PCO, and TG with statistical signif-
icance (Table 2). When compared to those with G/G geno-
type, NAFLD patients carrying G/A+A/A genotypes at
APOC3 rs2070667 demonstrated statistically lowered levels
of TGs (TG 54 : 7, TG 54 : 8, and TG 54 : 9), whereas obvious
higher levels of Cer (Cer 42 : 1; 2), DG (DG 36 : 4), and PCO
(PCO 38 : 4 and PCO 40 : 4) (Table 2).

3.3. APOC3 rs2070667-Dependent Low-Level TGs Associated
with High-Grade Lobular Inflammation. To shed light on
the interaction between serum lipidomics and NAFLD, we
further investigated the association of APOC3 rs2070667-
related differential serum lipids and NAFLD-specific patho-
logical disorders (hepatocyte steatosis, lobular inflammation,
ballooning, and liver fibrosis). Interestingly, polyunsaturated
fatty acid- (PUFA-) containing TGs among these ones
showed a negative correlation with lobular inflammation in
similar Spearman coefficients (TG 54 : 7, rho = −0:454 and
P = 0:007; TG 54 : 8, rho = −0:411 and P =0.016; TG 56 : 9,
rho = −0:481 and P =0.004) (Figure 1(b)). Being compared
to those carrying G/G at APOC3 rs2070667, the NAFLD
patients with G/A or A/A genotype were characterized by

low serum levels of PUFA-containing TGs and high-grade
lobular inflammation (Figure 1(b)). Other pathological char-
acteristics of NAFLD, especially hepatocyte steatosis, shared
the mild correlation of serum PUFA-containing TGs in an
inverse manner (Figures 1(a), 1(c), and 1(d)).

3.4. NAFLD Patients Carrying A Allele at APOC3 rs2070667
Showed Severe Lobular Inflammation. By scoring hepatocyte
steatosis, lobular inflammation, ballooning, and liver fibrosis,
we assessed the role of APOC3 rs2070667 in NAFLD-related
pathological characteristics. An aggravation of lobular
inflammation and, to less extent, steatosis was documented
in the NAFLD patients carrying A allele (G/A and A/A) at
APOC3 rs2070667 in comparison to those with G allele (lob-
ular inflammation: G/G vs. G/A+A/A: 0.00 (0.00 and 1.00)
vs. 1.50 (0.75 and 2.00), P = 0:022; hepatocyte steatosis:
G/G vs. G/A+A/A: 2.00 (1.00 and 2.00) vs. 2.00 (1.75 and
3.00), P = 0:076) (Figures 2(a) and 2(b)). However, different
alleles at APOC3 rs2070667 showed insignificant effect on
ballooning (G/G vs. G/A+A/A: 2.00 (1.00 and 2.00) vs. 1.50
(1.00 and 2.00), P = 0:744) and liver fibrosis (G/G vs.
G/A+A/A: 2.00 (1.00 and 3.00) vs. 1.00 (0.00 and 3.00), P =
0:201) (Figures 2(c) and 2(d)). Thus, A allele at APOC3
rs2070667 is suggested to underlie severe lobular inflamma-
tion in the NAFLD patients with close association of lowered
levels of PUFA-containing TGs.

4. Discussion

Multiple researches have shed light on the versatile actions of
APOC3 in lipid metabolism [35, 38, 39, 53–56]. apoC3 within
CM is capable of inhibiting the LPL-dependent CM-TG
hydrolysis and the hepatic CM intake on a basis of apoE
and LDL receptor-related protein (LRP) combination [35,
53]. Upregulated apoC3 in VLDL also retards its clearance
[38, 39, 54–56]. In addition, plasma level of apoC3 exhibited
a correlation to HDL lipids of cholesterol ester (CE), TG, free
cholesterol (FC), phosphatidylcholine (PC), PCO, sphingo-
myelin (SM), DG, Cer, and LPC [37]. This lipometabolic
activity of apoC3 suggests an association of APOC3 SNPs
and lipid metabolic traits [20, 23, 35, 37–39, 53–56].

Indeed, subjects with APOC3 -2854 G/T demonstrate
higher serum TG [57], whereas -482C>T in APOC3 is related
to the serum levels of TG and other lipids in the Chinese
population [57]. An important role of polymorphisms tag-
ging APOC3 is further convinced in the occurrence of dys-
lipidemia by Genome-Wide Association Studies (GWAS)
[58–60]. Integrating DNA sequencing and UPLC-MS/MS
analysis, our study presented novel findings that a group
of APOC3 SNPs (rs4225, rs4520, rs5128, rs2070666, and
rs2070667) exerted global impact on serum lipidomics in
NAFLD patients. Moreover, APOC3 rs2070667 among these
ones was statistically associated with 7 differential serum
lipids, including Cer, DG, PCO, and TGs.

Nowadays, there are growing evidences highlighting a
crucial effect of serum lipids on NAFLD [61–64]. Relying
on the lipidomics-based evolutionary algorithm, serum lipids
of TG (16 : 0, 18 : 0, and 18 : 1), PC (18 : 1 and 22 : 6), and PCO
(24 : 1 and 20 : 4) are put forward to be predictive biomarkers
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of NAFLD [61]. On the contrary, both serum LPCs and
PUFA-containing phospholipids associate with the liver
fat content in an inverse manner [61]. Decrease in serum
palmitoyl-, stearoyl-, and oleoyl-LPC characterizes the mice
with experimental nonalcoholic steatohepatitis (NASH)
[62]. Nevertheless, FFA released from circulating TG and
adipose tissue has been reported to contribute to hepatocel-
lular FFA accumulation and steatosis [63, 64]. APOC3
SNPs, therefore, are proposed to interfere in the NAFLD
by lipidomic modulation.

When compared to those with G/G genotype, we docu-
mented significantly lowered levels of TGs (TG 54 : 7, TG
54 : 8, and TG 54 : 9) in NAFLD patients with G/A or A/A
genotype at APOC3 rs2070667. Moreover, there was a nega-
tive correlation between these PUFA-containing TGs and
NAFLD-specific pathological characteristics, including lobu-
lar inflammation and steatosis, in comparable Spearman
coefficients. In contrast to saturated fatty acids that upregu-
late the levels of proinflammatory cytokines, n-3 PUFAs have
been described to attenuate the inflammation activity of liver
by the reduction of proinflammatory cytokine (e.g., TNF-α,
IL-1β, and IL-6) secretion, as well as the increase of anti-
inflammatory cytokine (e.g., adiponectin) [65–67]. Their
incorporation into the phospholipids of inflammatory cells
may underlie these pharmacological actions, resulting in

the improved membrane fluidity and modified lipid deriva-
tives [65]. On the other hand, PUFAs prevent the liver from
steatosis on a basis of SREBP-1c and lipogenic gene (e.g.,
FAS, ACC, and SCD-1) downregulation [68] and then allevi-
ate the hepatic inflammation by an amelioration of oxidative
stress [69, 70].

In the present study, we verified much higher SAF grade
of lobular inflammation in NAFLD patients carrying A allele
at APOC3 rs2070667 in comparison to those with G allele. By
the mild increase in their steatosis scoring, an association was
highlighted between APOC3 rs2070667 and hepatocyte stea-
tosis. In result, APOC3 rs2070667 is indicated to be responsi-
ble for the deteriorated pathological characteristics in
NAFLD patients by, to a large extent, its inhibitory impact
on the serum levels of PUFA-containing TGs. Contrastively,
there are some literatures deny the role of APOC3 SNPs in
NAFLD [40, 71]. This disagreement may be partially attrib-
uted to the test of blood lipids in routine method, which is
insufficient to distinguish numerous components and their
alterations in serum lipidomics.

Being contrast to most filtered SNPs locating in the exons
of APOC3, rs2070667 is found to be an intron-resided SNP
with probably intact structure and catalytic activity of apoC3.
Its effects on serum lipidomics and NAFLD could be attrib-
uted to the epigenetic regulations, such as DNA methylation
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Figure 1: Lower-level TGs were correlated with higher-grade lobular inflammation in nonalcoholic fatty liver disease patients. Scatters
reflected the serum levels of TGs (TG 54 : 7, TG 54 : 8, and TG 56 : 9) and pathologic scoring (steatosis, lobular inflammation, ballooning,
and fibrosis) in patients with nonalcoholic fatty liver disease. Linear fit lines were presented with rho corresponding to the correlation of
TGs and pathological characteristics. Inverse correlation between TG 54 : 7, TG 54 : 8, and TG 56 : 9 and lobular inflammation was
observed with statistical significance. The rho values of fit lines in (b) were similar.
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and miRNA-based expressive tuning [72–75]. Furthermore,
transcriptional regulation reflects another potential mecha-
nism of its lipidomic and pathological roles because approx-
imately 40% of transcription factor (TF) binding sites have
been identified in the introns [76].

However, there are some limitations in the present study.
First, lacking of quantitative apoC3 test remains a shortcom-
ing in highlighting the mechanisms underlying effects of
APOC3 SNPs. In addition, untargeted UPLC-MS/MS instead
of targeted UPLC-MS/MS was employed to investigate the
effect of APOC3 on serum lipidomics. Thus, number of
unsaturated bonds, but not their location, in serum lipids
could be identified in our experiments.

5. Conclusion

APOC3 SNPs exhibit impact on the serum lipidomics of
NAFLD patients. A allele at APOC3 rs2070667 demonstrates
predominantly downregulatory effect on the serum lipid
profile. Low-level PUFA-containing TGs (54 : 7, 54 : 8, and
56 : 9) among these differential lipids display significant asso-
ciation with high-grade lobular inflammation. Therefore,
NAFLD patients carrying A instead of G allele at APOC3
rs2070667 may susceptible to hepatic inflammation upon
the rs2070667-based alteration of serum TGs.
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