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Abstract: There is an association between nonalcoholic fatty liver disease (NAFLD) and atheroscle-
rosis, but the genetic risk of atherosclerosis in NAFLD remains unclear. Here, a single-nucleotide
polymorphism (SNP) of the heat shock 70 kDa protein 8 (HSPA8) gene was analyzed in 123 NAFLD
patients who had been diagnosed using a liver biopsy, and the NAFLD phenotype including the
maximum intima–media thickness (Max-IMT) of the carotid artery was investigated. Patients with
the minor allele (A/G or G/G) of rs2236659 showed a lower serum heat shock cognate 71 kDa
protein concentration than those with the major A/A allele. Compared with the patients with the
major allele, those with the minor allele showed a higher prevalence of hypertension and higher
Max-IMT in men. No significant associations between the HSPA8 genotype and hepatic pathological
findings were identified. In decision-tree analysis, age, sex, liver fibrosis, and HSPA8 genotype were
individually associated with severe carotid artery atherosclerosis (Max-IMT ≥ 1.5 mm). Noncirrhotic
men aged ≥ 65 years were most significantly affected by the minor allele of HSPA8. To predict the risk
of atherosclerosis and cardiovascular disease, HSPA8 SNP genotyping might be useful, particularly
for older male NAFLD patients.

Keywords: cardiovascular disease; liver biopsy; carotid artery ultrasound; precision medicine

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver
disease, affecting approximately 30% of adults worldwide [1]. By 2030, NAFLD is predicted
to become the most common etiological factor behind the need for liver transplantation
in Western countries [2,3]. In addition to cirrhosis-related complications, liver cancer, and
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extrahepatic cancer, recent epidemiological studies confirmed that cardiovascular disease
(CVD) is a main cause of death in NAFLD patients, and hepatic fibrosis caused by NAFLD
is associated with both liver-related mortality and CVD events [4–7]. NAFLD is also
associated with several well-known metabolic risk factors for CVD and atherosclerotic
CVD (ASCVD), including obesity, insulin resistance, metabolic syndrome, type 2 diabetes,
and dyslipidemia [8]. To date, no clinical management strategy to predict a particular risk
for future ASCVD to distinguish between liver-related events and liver cancer in NAFLD
has been established [9].

Carotid intima–media thickness (IMT) is a surrogate marker for the presence and
progression of atherosclerosis [10,11]. IMT is also a strong predictor of future cerebral and
cardiovascular events [12,13]. Moreover, recent studies showed that atherosclerosis is also
associated with NAFLD. A meta-analysis by Sookoian et al. revealed that atherosclerosis
that was evaluated using the carotid IMT was more severe in NAFLD patients than in
those without NAFLD [14]. The presence of carotid plaques was also more common in
patients with NAFLD than in those without it [14,15]. Moreover, NAFLD was associated
with the progression of coronary artery atherosclerosis independently of known risk factors,
including age, hypertension, and diabetes, and NAFLD with a risk of advanced fibrosis
was found to strongly promote atherosclerosis formation in the coronary artery [16]. These
findings suggest that NAFLD per se and hepatic fibrosis are associated with atherosclerosis
and an increased risk of ASCVD.

The genetic risk factors that can predict ASCVD in NAFLD are not completely under-
stood. Recent genome-wide association studies (GWAS) showed that the single-nucleotide
polymorphism (SNP) of patatin-like phospholipase domain-containing protein 3 (PNPLA3)
rs738409 was the most significant genetic risk factor for steatosis, fibrosis, and hepatocel-
lular carcinoma in NAFLD [17,18]. The association between this SNP and CVD has also
been studied. Petta et al. reported that carotid IMT was greater in those with PNPLA3 G/G
than in those with C/C or C/G [19]. However, Di Costanzo et al. reported that participants
with PNPLA3 C/C showed similar carotid IMT to those with the PNPLA3 G/G genotype in
blood donor volunteers [20]. In addition, Unalp-Arida and Ruhl examined the relationship
between NAFLD and mortality in 5662 participants who were genotyped for PNPLA3
I148M (NCBI dbSNP ID: rs738409 C>G). They identified that M variant heterozygosity was
a significant risk factor for cardiovascular disease [21]. Thus, the association between the
PNPLA3 genotype and CVD in NAFLD has not been confirmed.

Heat shock cognate 71 kDa protein (HSC70) is a member of the heat shock protein 70
(HSP70) family that is encoded by the heat shock protein family A member 8 (HSPA8) gene.
It is a molecular chaperone involved in many cellular processes [22]. Recent experimental
and clinical studies have shown the association between HSC70/HSPA8 and CVD. The
HSC70 chaperone system mediates cardiac myosin binding protein C turnover and is
associated with hypertrophic cardiomyopathy [23]. HSPA8 genetic variants are associated
with the risk of coronary heart disease [24]. However, to the best of our knowledge, no study
has yet investigated the association between HSPA8 SNP and atherosclerosis in NAFLD.
The current study thus investigated the association among an HSPA8 SNP, atherosclerosis,
and hepatic pathogenesis in NAFLD.

2. Materials and Methods
2.1. Patients

We analyzed data from 123 Japanese patients with a histological diagnosis of NAFLD at Saga
University Hospital. Patients with habitual alcohol intake (ethanol consumption > 210 g/week
for men and >140 g/week for women) or a positive hepatitis B surface antigen and/or
a positive hepatitis C antibody test result were not included. Patients with a diagnosis
of autoimmune liver disease, drug-induced hepatotoxicity, hemochromatosis, Wilson’s
disease, or endocrine disease were not included. The study protocol was approved by
the Clinical Research Ethics Review Committee at Saga University Hospital (approval
number: 2017-01-12) and the Institutional Review Board from the Faculty of Medicine, Saga
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University (2019-30-37). The study was conducted in accordance with the principles of the
1975 Declaration of Helsinki, as revised in 2013. Written informed consent was obtained
from all participants in this study.

2.2. Physical Examination and Serum Biochemical Measurements

Clinical data including age, sex, and medical history of comorbid diseases were col-
lected from the patients’ medical records. Body weight and height were measured on
the day of liver biopsy, and body mass index (BMI) was calculated as body mass (kg)
divided by the square of height (m2). Venous blood samples were obtained after an
overnight fast and used to measure the platelet count, and the albumin, aspartate amino-
transferase, alanine aminotransferase (ALT), γ-glutamyl transpeptidase, alkaline phos-
phatase, fasting plasma glucose (FPG), glycated hemoglobin A1c (HbA1c), insulin, total
cholesterol, high-density-lipoprotein cholesterol (HDL-C), low-density-lipoprotein choles-
terol (LDL-C), triglyceride, blood urea nitrogen (BUN), and creatinine (Cr) levels were
determined using conventional laboratory techniques. Insulin resistance—using the home-
ostatic model assessment for insulin resistance (HOMA-IR)—was determined as fasting
insulin (IU/mL) × FPG (mg/dL)/405. The estimated glomerular filtration rate (eGFR) was
calculated using the following equation: 194 × Cr (mg/dL) − 1.094 × age (years) − 0.287
for men, and the values obtained for women were multiplied by 0.739 [25]. The HSC70 con-
centration in 123 serum samples was determined using an enzyme-linked immunosorbent
assay (ELISA) kit (#SKT-106; StressMarq Biosciences Inc., Victoria, BC, Canada) in accor-
dance with the manufacturer’s protocol. The minimum detection level of the ELISA kit
was 1.54 ng/mL. All of the samples analyzed in the present study showed a concentration
higher than this.

2.3. Liver Biopsy and Histological Assessment

An ultrasonography-guided liver biopsy was performed using a 16-gauge biopsy
needle. Liver biopsy sections were stained with hematoxylin and eosin and Azan stain
and evaluated by an experienced pathologist (S.A.) who specializes in liver pathology and
was blinded to the clinical data. Hepatic steatosis, lobular inflammation, and hepatocyte
ballooning were evaluated using the NAFLD activity score (NAS) [26]. Liver fibrosis was
classified in accordance with the work of Kleiner et al. [26] and Brunt et al. [27]. Steatosis
was scored as 0, 1, 2, or 3 (score 0, <5%; score 1, 5%–33%; score 2, 34%–66%; and score 3,
>66% of the biopsy), and fibrosis was scored as 0, 1, 2, 3, or 4 (stage 0, no fibrosis; stage 1,
perisinusoidal or periportal fibrosis; stage 2, perisinusoidal and portal/periportal fibrosis;
stage 3, bridging fibrosis; and stage 4, cirrhosis). NAFLD was diagnosed if the steatosis
score was 1 or higher. Patients who presented with at least grade 1 of each of the three
features (steatosis, ballooning, and lobular inflammation) and had a compatible overall
pattern of liver injury were classified as having nonalcoholic steatohepatitis (NASH), and
the remaining patients were diagnosed with NAFL (NAFLD without NASH) [28].

2.4. Intima–Media Thickness Measurements

The carotid artery IMT was measured using ultrasound (LOGIQ E10; GE Healthcare
Japan, Tokyo, Japan). IMT was measured on the right and left sides in the areas of the
common carotid artery, bulbus, and internal carotid artery using a linear probe (#L2-9-D;
GE Healthcare Japan, Tokyo, Japan). The maximum-IMT (Max-IMT) was defined as the
maximum difference between the first (intima–lumen) and second (media–adventitia)
interfaces on the far wall of either the right or the left carotid artery bulb, internal carotid
artery, and common carotid artery [29,30]. Max-IMT was expressed in mm, and the carotid
plaque was included in the analysis [14,29]. Max-IMT ≥ 1.5 mm was considered to confer
a significant risk for future cardiovascular events [31].
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2.5. DNA Extraction and HSPA8 Genotyping

To extract DNA from whole blood, an automatic nucleic acid extraction system
(Quick Gene DNA whole blood kit S, Cat. No. DB-S; Fujifilm, Tokyo, Japan) was used,
in accordance with the manufacturer’s protocol. The concentration of DNA was mea-
sured for all of the samples and then adjusted to 50 ng/µL with double-distilled wa-
ter. The purity of DNA was checked using a spectrocolorimeter (NanoDrop 2000 C;
Thermo Fisher Scientific, Waltham, MA, USA) and the absorbance ratio of 260 nm/280 nm
was between 1.8 and 1.9 for all of the DNA samples. The HSPA8 sequence was in ac-
cordance with the NCBI Reference Sequence (NCBI ClinVar ID: 3312) can be found at
https://www.ncbi.nlm.nih.gov/gene/3312 (accessed on 25 May 2022), and NC_000011.10:
g.123062473A>G (GRCh38) (rs2236659) was investigated in the present study. The ge-
nomic region containing the SNP was amplified using polymerase chain reaction (PCR)
with a forward primer (5’-GCCAAGAAGCCGAATCTGTT-3’) and a reverse primer (5’-
GCCTCACGATAACGCACTCA-3’). The PCR conditions were as follows: initial denat-
uration at 96 ◦C for 2 min; then 40 cycles of 96 ◦C for 20 s, 64 ◦C for 20 s, and 72 ◦C for
20 s; followed by a final extension step at 72 ◦C for 2 min. The PCR product size was
verified using agarose gel electrophoresis. After the PCR product had been refined using
the ExoSAP-IT (Thermo Fisher Scientific), the sequencing reaction was performed using
a sequencing primer (5’-GCCCAAACCCCTCCCTTCAG-3’) in a Bio-Rad DNA Engine
Dyad PTC-220 Peltier Thermal Cycler using ABI PRISM® BigDye® Terminator v3.1 Cycle
Sequencing Kits (Applied Biosystems, Waltham, MA, USA), in accordance with the manu-
facturer’s protocol. The genotype was defined as major allele (homozygous for the major
allele; A/A) or minor allele (heterozygous or homozygous for the minor allele; A/G or
G/G). For the genotyping of PNPLA3, a predesigned TaqMan probe (Applied Biosystems,
Foster City, CA, USA) was used for the genotyping of rs738409 (C_7241_10), in accordance
with the manufacturer’s protocol.

2.6. Statistics

Continuous variables were expressed as the mean ± standard deviation (SD) or as the
median (interquartile range). Qualitative data were presented as number and percentage,
which was indicated in parentheses. A chi-squared test and Fisher’s exact test were used
for categorical factors. Numerical variables were compared using the Mann–Whitney U
test. Spearman’s correlation coefficient was used to test the correlation between variables.
The Kruskal–Wallis test was used to test the differences between two or more groups. A
decision-tree algorithm was performed to investigate the profiles of patients with significant
atherosclerosis (Max-IMT ≥ 1.5 mm), including the HSPA8 genotype, age, sex, and hepatic
fibrosis stage. Statistical analyses were performed using SPSS version 22.0 software (IBM
Corp., Armonk, NY, USA) and GraphPad 9 software (GraphPad, San Diego, CA, USA).
Differences were considered statistically significant at p < 0.05.

3. Results
3.1. Comparison of HSPA8 Genotype Characteristics

Patient characteristics are summarized and compared between the groups according
to HSPA8 genotypes (Table 1, Figure 1). There was no difference in sex, age, body weight,
or height between NAFLD patients with the major allele or minor allele of HSPA8 genotype.
BMI (p = 0.031), prevalence of hypertension (p = 0.017), and hyperuricemia (p = 0.043) were
higher in patients with at least one copy of the minor allele than in those homozygous for
the major allele. However, platelet count (p = 0.015) and ALT (p = 0.015) were higher in
patients with the major allele than in those with at least one copy of the minor allele. There
were no significant differences in lipid-metabolism-related parameters (total cholesterol,
HDL-C, LDL-C, and triglycerides), glucose-metabolism-related parameters (FPG, HbA1c,
and HOMA-IR), or renal function (BUN, Cr, and eGFR) between the genotypes. The serum
HSC70 concentration was significantly higher in patients with the major allele genotype
than in those with at least one copy of the minor allele (9.5 vs. 4.2 mg/L, p = 0.013) (Table 1
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and Figure 1A). Pathological findings including the prevalence of NASH and severity of
steatosis, inflammation, ballooning, and fibrosis did not differ significantly between the
genotypes. There was also no significant difference in the Max-IMT between the HSPA8
genotypes in the patients overall (Table 1 and Figure 1B).

Table 1. Characteristics of patients according to presence of HSPA8 SNP.

Major Allele Minor Allele p Value

Characteristics n = 80 n = 43

Gender, Male/Female, n (%) 32 (40)/48 (60) 16 (37.2)/27 (62.8) 0.762
Age, Years 60 (47–69) 64 (56–68) 0.173
Height, cm 157.5 (151.2–165.3) 156.8 (150.9–163.5) 0.392
Weight, kg 72.2 (60.8–78.5) 73.5 (63.2–83.7) 0.282

BMI, kg/m2 * 27.5 (25.6–32) 30 (28–34.1) 0.031
Hypertension, n (%) * 43 (53.8) 33(76.7) 0.012
Dyslipidemia, n (%) 63 (78.8) 36 (83.7) 0.507

Diabetes, n (%) 49 (61.3) 31 (72.1) 0.229
Hyperuricemia, n (%) * 26 (32.5) 22 (51.2) 0.043
Platelet count, ×103/µL 19.9 (16.2–23.5) 17.2 (14.9–21.3) 0.015

Albumin, g/dL 4.1 (3.8–4.3) 4 (3.8–4.2) 0.512
AST, U/L 56.5 (38–77.8) 50 (29–78) 0.442

ALT, U/L * 63 (40.8–103.5) 47 (31–72) 0.015
GGT, U/L 63.5 (43.3–111.5) 65 (39–93) 0.384
ALP, U/L 242 (191.8–301) 224 (190–263) 0.176

Total cholesterol, mg/dL 187 (162–212.8) 175 (160–198) 0.231
HDL-C, mg/dL 47 (39.3–60.8) 47 (40–57) 0.554
LDL-C, mg/dL 116.5 (94–135.3) 104 (93–127) 0.283

Triglyceride, mg/dL 145.5 (106.5–178) 151 (113–187) 0.494
BUN, mg/dL 13.3 (11.2–16.4) 14.5 (11.7–16.9) 0.323

Cr, mg/dL 0.69 (0.6–0.9) 0.69 (0.6–0.9) 0.775
eGFR, ml/min 75.1 (63.2–89.7) 67.3 (57.2–91.1) 0.259
FPG, mg/dL 109 (97–134) 112 (95–130) 0.920

HbA1c, % 6.2 (5.6–7.3) 6.1 (5.7–6.6) 0.696
HOMA-IR 4.3 (2.8–7.1) 5 (3.2–6.9) 0.392

HSC70 (ng/mL) * 9.53 (3.9–13) 4.2 (3.3–9.9) 0.013
Max-IMT, mm 1.3 (0.8–1.8) 1.3 (0.9–2.1) 0.392

NAFL/NASH, n 18/62 13/30 0.346
Steatosis Score, n

(0/1/2/3) 0/52/18/10 0/30/9/4 0.828

Inflammation Score, n
(0/1/2/3) 2/42/30/6 2/25/13/3 0.803

Ballooning Score, n
(0/1/2) 17/35/28 14/16/13 0.387

Fibrosis Stage, n
(0/1/2/3/4) 3/29/20/24/4 5/9/12/14/3 0.274

* Indicates that the data are statistically significant difference (p < 0.05). Data are expressed as median (range) or
number. Abbreviations: M/F, male/female; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; HDL-C, high-density-lipoprotein
cholesterol; LDL-C, low-density-lipoprotein cholesterol; BUN, blood urea nitrogen; Cr, creatinine; HOMA-IR,
Homeostatic Model Assessment for Insulin Resistance; HSC70, heat shock cognate protein 70; Max-IMT, the
maximum of all local maximal measures of intima–media thickness; eGFR, estimated glomerular filtration rate;
FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; NAFL/NASH, nonalcoholic fatty liver/nonalcoholic
steatohepatitis.
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Figure 1. Comparison of serum HSC70 concentration and Max-IMT between HSPA8 genotypes.
(A,B) HSC70 concentration (A) and Max-IMT (B) were compared between the patients homozygous
for the major allele and those with at least one copy of the minor allele in the patients overall. The
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3.2. HSPA8 Genotype Is Associated with Max-IMT in Men

Because there was no relationship between the Max-IMT and HSPA8 genotypes overall
in the patients, we stratified the patients by sex and compared Max-IMT between the
genotype groups. In the male patients, the Max-IMT in those with at least one copy of the
minor allele was significantly greater than that in patients who were homozygous for the
major allele (2.1 vs. 1.2 mm, p = 0.005), whereas there was no significant difference among
the female patients (1.4 vs. 1.0 mm, p = 0.301) (Figure 2A). Max-IMT was divided into three
categories (Max-IMT < 1 mm, 1-1.4 mm, and ≥1.5 mm), and patients with at least one copy
of the minor allele were compared among the categories. Overall, and in female patients
alone, there was no significant difference in the prevalence of the patients with at least one
copy of the minor allele compared with that of the patients homozygous for the major allele
(p = 0.540 and p = 0.720) (Figure 2B,C). However, in male patients, the prevalence of patients
with at least one copy of the minor allele was greater in those with Max-IMT ≥ 1.5 mm
than at the other two Max-IMT levels (68.8% vs. 31.2%, p = 0.025) (Figure 2D).
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3.3. PNPLA3 Genotype Is Not Associated with Max-IMT

To evaluate the association between the PNPLA3 SNP and atherosclerosis, Max-IMT
was compared among the three PNPLA3 genotypes (Figure 3A). There was no relationship
between the Max-IMT and PNPLA3 genotypes in the patients overall (CC, 1.1 mm; GC,
1.4 mm; and GG, 1.25 mm) (Figure 3A). In the HSPA8 analysis, we next stratified the
patients by sex and compared Max-IMT between the genotype groups. However, there
was no significant difference in male patients (CC + GC, 1.4 mm; GG, 1.2 mm) or female
patients (CC + GC, 1.2 mm; GG, 1.3 mm) (Figure 3B).

Genes 2022, 13, 1265 7 of 13 
 

 

 
Figure 2. Sex differences in the association of Max-IMT and HSPA8 genotypes. (A) Comparison of 
Max-IMT between the HSPA8 genotypes stratified by sex. The middle bar represents the median 
and the upper/lower bars represent the 95% confidence interval. (B–D) HSPA8 genotype prevalence 
in the individual Max-IMT categories overall (B) and in female patients (C) and male patients (D). 
* p < 0.05 and ** p < 0.01. Max-IMT, maximum intima–media thickness; HSPA8, heat shock 70 kDa 
protein 8. 

3.3. PNPLA3 Genotype Is Not Associated with Max-IMT 
To evaluate the association between the PNPLA3 SNP and atherosclerosis, Max-IMT 

was compared among the three PNPLA3 genotypes (Figure 3A). There was no relation-
ship between the Max-IMT and PNPLA3 genotypes in the patients overall (CC, 1.1 mm; 
GC, 1.4 mm; and GG, 1.25 mm) (Figure 3A). In the HSPA8 analysis, we next stratified the 
patients by sex and compared Max-IMT between the genotype groups. However, there 
was no significant difference in male patients (CC + GC, 1.4 mm; GG, 1.2 mm) or female 
patients (CC + GC, 1.2 mm; GG, 1.3 mm) (Figure 3B). 

 
Figure 3. Max-IMT and PNPLA3 genotypes. (A) Max-IMT was compared among three PNPLA3 
genotypes. (B) Comparison of Max-IMT between the two PNPLA3 genotype groups stratified by 
sex. The middle bar represents the median and the upper/lower bars represent the 95% confidence 
interval. Max-IMT, maximum intima–media thickness; PNPLA3, patatin-like phospholipase do-
main-containing protein 3. 

Figure 3. Max-IMT and PNPLA3 genotypes. (A) Max-IMT was compared among three PNPLA3
genotypes. (B) Comparison of Max-IMT between the two PNPLA3 genotype groups stratified by
sex. The middle bar represents the median and the upper/lower bars represent the 95% confidence
interval. Max-IMT, maximum intima–media thickness; PNPLA3, patatin-like phospholipase domain-
containing protein 3.

3.4. Relationship between Hepatic Fibrosis and Arteriosclerosis

The association between arteriosclerosis and age or hepatic fibrosis was investigated.
Max-IMT in each hepatic fibrosis stage was evaluated. There was a significant positive
correlation between the Max-IMT and age (ρ = 0.4098, p < 0.0001) (Figure 4A). The Max-IMT
showed a significant difference at different fibrosis stages (p = 0.018) (Figure 4B). Moreover,
hepatic fibrosis in patients with hypertension was more severe than that in patients without
hypertension (p = 0.031) (Figure 4C).
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3.5. Decision-Tree Algorithm for Profiles of Significant Arteriosclerosis

To clarify the profile associated with significant arteriosclerosis (Max-IMT ≥ 1.5 mm)
and to evaluate the impact of the HSPA8 genotype on significant arteriosclerosis, a decision-
tree algorithm was generated using four variables (HSPA8 genotype, age, sex, and hep-
atic fibrosis) (Figure 5). Age was the first factor that could be associated with signifi-
cant arteriosclerosis. In patients aged ≥ 65 years, hepatic fibrosis was the second fac-
tor to be identified, and 80% of patients with cirrhosis (fibrosis stage = 4) showed sig-
nificant arteriosclerosis (profile 1). In patients aged ≥ 65 years without liver cirrhosis
(fibrosis stages = 0, 1, 2, and 3), sex was the third factor to be identified, and 80% of men
and 20% of women showed significant arteriosclerosis. Among them, the HSPA8 genotype
was the fourth factor to be identified in men and women. In men, all patients with at least
one copy of the minor allele showed significant arteriosclerosis (profile 2), whereas only
57.1% of the patients homozygous for the major allele showed significant arteriosclerosis
(profile 3). In women, 40% of patients with at least one copy of the minor allele (profile 4)
and 33.3% of patients with at least one copy of the minor allele (profile 5) showed significant
arteriosclerosis. In patients aged < 65 years, sex was the second factor to be identified. In
female patients aged < 65 years, HSPA8 was the third factor, followed by fibrosis stage (pro-
files 6–9). There were no female patients with significant arteriosclerosis aged < 65 years
who were homozygous for the major allele and mild liver fibrosis (stage = 1) (profile 6),
whereas 42.9% of these patients showed significant arteriosclerosis if the liver fibrosis stage
was 2 or more severe (profile 7). In male patients aged < 65 years, the fibrosis stage was the
third factor and HSPA8 genotype was not a factor (profile 10).
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4. Discussion

The present study identified the effect of HSPA8 (rs2236659) SNP on atherosclerosis
in NAFLD and clarified sex differences and interactions with confounding factors such
as liver fibrosis and age. This work demonstrated that the G allele of the HSPA8 SNP is
associated with a higher prevalence of hypertension, greater Max-IMT in male patients, and
significant atherosclerosis of the carotid artery in older male patients. In female patients
without advanced liver fibrosis, homozygosity for the major A allele of the HSPA8 SNP
was associated with nonsignificant atherosclerosis. Although NAFLD pathogenesis and its
CVD risk are mainly linked to lifestyle-related factors, the current study demonstrates that
the genetic background is at least partially related to the ASCVD risk in NAFLD.

Several loci were recently identified as genetic risk factors for NAFLD and CVD in
GWAS. For NAFLD, genetic variability in PNPLA3, TM6SF2, MBOAT7, GCKR, HSD17B13,
and other genes was found to be associated with the prevalence of NAFLD and dis-
ease progression [32–35]. PNPLA3 was also associated with prevalence, pathological
severity—including that of liver fibrosis—hepatocarcinogenesis, and mortality in NAFLD
patients [21,36,37]. Meanwhile, the associations between these genetic variants including
PNPLA3 and CVD outcome in NAFLD remain unclear. Moreover, in the present study, no
association between atherosclerosis and PNPLA3 was identified (Figure 3). For coronary
artery disease, carotid artery atherosclerosis, and peripheral artery disease, numerous loci
have been identified as risk factors for disease occurrence and progression [38–41]. To date,
HSPA8 has not been identified in a GWAS for NAFLD and CVD. Moreover, to the best
of our knowledge, no GWAS for CVD in NAFLD has been performed. According to the
results of the present study, the HSPA8 SNP (rs2236659), at least in part, is a specific marker
of atherosclerosis in NAFLD. Because CVD is a major event and cause of death in NAFLD
patients [4–7], a GWAS that includes a large cohort should be performed in the near future
to elucidate the genetic factors that confer a risk of CVD in NAFLD.

Reactive oxygen species (ROS) and oxidative stress induced by them are key factors
involved in the development of CVD and NAFLD. Excessive ROS production reduces
the antioxidant capacity and causes further oxidative damage in the liver and vascular
wall [42,43]. HSC70 and HSP70 regulate ubiquitin-dependent pexophagy, which selectively
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removes ROS-stressed peroxisomes, allowing the ubiquitin E3 ligase STIP1 homology and
U-box-containing protein 1 to recognize and ubiquitinate ROS-stressed peroxisomes in
the cytoplasm, leading to their turnover by autophagy [44]. Therefore, attenuated HSC70
function might cause the development of endothelial cell dysfunction and atherosclerosis.
In the present study, at least one copy of HSPA8 was associated with atherosclerosis in
men (Figure 2A,D). Our decision-tree analysis also identified that the minor allele was
strongly associated with significant atherosclerosis in noncirrhotic men aged 65 years or
older [Figure 5]. Sex is associated with differences in oxidative stress. Under physiological
conditions, women are less susceptible than men to oxidative stress due to the antioxidant
properties of estrogen and sex differences in NADPH-oxidase activity [45]. Sex differences
caused by the HSPA8 genotype in the present study might be associated with differences in
the susceptibility to NAFLD between men and women, and men might be more susceptible
than women to developing NAFLD when the minor allele is present.

He et al. reported the association between an HSPA8 SNP (rs2236659) and coronary
heart disease in 2006 Chinese participants, and they tested whether HSPA8 mRNA expres-
sion varied according to mutation status using a luciferase reporter assay with human
umbilical vein endothelial cells [24]. In that study, patients who were carriers of the
rs2236659 G allele, which is defined as the minor allele in our study, had a decreased risk of
coronary heart disease, and the rs2236659 G allele was associated with a 37–40% increase in
luciferase expression by the reporter HSPA8 gene luciferase in endothelial cells compared
with that in those with the A allele. In the present study, the serum HSC70 concentration
was significantly lower in patients with at least one copy of the rs2236659 G allele than in
those without this allele (Figure 1A). Male patients with at least one copy of the rs2236659
G allele showed severe carotid artery atherosclerosis compared with those homozygous for
the A allele (Figure 2D). The conclusions of our study and those of the study by He et al.
are consistent in showing that HSPA8/HSC70 is protective against cardiovascular disease
and atherosclerosis. However, the findings on the association between the rs2236659 G
allele and HSPA8/HSC70 expression did not match, and the clinical phenotypes in patients
with the G allele showed conflicting results. A possible explanation for these contradictory
results is that the serum HSC70 protein was measured in the present study. The process
of HSPA8 gene transcription into the HSC70 protein occurs in a complex environment,
namely, the microenvironment in the body, while also potentially being influenced by the
external environment. Therefore, it is important to evaluate the influence of functional
protein HSC70 in the real world, not only the gene HSPA8 as a substance. To the best of our
knowledge, tissue- and cell-specific expression of HSPA8/HSC70 mRNA and protein has
not been well studied. Moreover, all of the patients included in our study also had NAFLD.
Compensatory feedback in multiple tissues including the liver might affect the circulating
HSC70 protein concentration and might result in a lower serum HSC70 concentration in
patients with at least one copy of the G allele than in those with homozygosity of the A
allele. Severe atherosclerosis was observed in male patients with at least one copy of the
G allele in the present study. Tissue-specific expression of quantitative trait loci and the
biological significance of circulating HSC70 should be further investigated to identify the
clinical implications of the HSPA8 SNP.

Chaperone-mediated autophagy (CMA) is a lysosomal-dependent protein degrada-
tion pathway. HSC70 specifically binds protein targets and transports them for CMA
degradation [46]. Recent studies showed that CMA is critically involved in the develop-
ment of both NAFLD and CVD [47,48]. Moreover, CMA is associated with the degradation
of lipid-droplet-associated proteins and facilitates lipid metabolism in the cell based on
the nutrient conditions [49]. Impaired CMA is associated with intracellular lipid accu-
mulation [50] and causes hepatic steatosis [47,49]. Therefore, in the present study, severe
hepatic steatosis was expected in the patients with at least with one copy of the minor
allele, but there was actually no difference in this regard between those homozygous for the
major allele and those with at least one copy of the minor allele (Table 1). Compensatory
activation of macrolipophagy, which is independent of HSC70, might cause similar severity
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of hepatic steatosis between the HSPA8 genotypes. Our understanding of the effect of the
HSPA8 SNP on NAFLD pathology is currently limited.

In the present study, Max-IMT positively correlated with hepatic fibrosis (Figure 4B),
and hepatic fibrosis was an identifiable factor in all of the patients’ profiles (Figure 5).
These findings support the results of recent epidemiological studies showing that hepatic
fibrosis is a risk factor for CVD events in NAFLD patients [5,7]. However, the HSPA8 SNP
was also an identifiable factor in several patients’ profiles, and there was no association
of the HSPA8 SNP with the hepatic pathological findings, suggesting that it can predict
the CVD-specific risk in NAFLD. There are several limitations in the present study. First,
the study design was cross-sectional, so the causal relationship between the HSPA8 SNP
and the progression of IMT remains unclear. Moreover, the association between the HSPA8
SNP and CVD events/mortality also remains unclear. Additionally, this study involved
a relatively small sample size recruited at a single center. A multicenter and longitudinal
study with a larger sample size is required to confirm the effects of the HSPA8 SNP on
hepatic and CVD pathogenesis in NAFLD patients.

In conclusion, the HSPA8 SNP (rs2236659) is associated with carotid atherosclerosis in
NAFLD in men. To predict the risk of CVD, genotyping the HSPA8 SNP might be a useful
approach, particularly for older male patients.

Author Contributions: Conceptualization, H.T.; methodology, H.M. and W.Z.; software, W.Z.; valida-
tion, H.T.; formal analysis, Y.K., Y.Z. and K.A.; investigation, K.T., R.P. and Y.K.; resources, S.A.; data
curation, C.I., W.Y., H.I., T.K., S.O., T.A. and A.K.; writing—original draft preparation, Y.Z.; writing—
review and editing, H.T.; supervision, H.T., Y.T., K.M., I.O., S.N. and K.A.; project administration,
H.M.; funding acquisition, H.T. and K.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by JSPS Grant-in-Aid for Young Scientists number 18K15754 and
internal budget of Saga University Hospital for advanced medical technology.

Institutional Review Board Statement: The study protocol was approved by the Clinical Research
Ethics Review Committee at Saga University Hospital (approval number: 2017-01-12) and the
Institutional Review Board from the Faculty of Medicine, Saga University (2019-30-37). The study
was conducted in accordance with the principles of the 1975 Declaration of Helsinki, as revised
in 2013.

Informed Consent Statement: Written informed consent was obtained from all patients involved in
this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Acknowledgments: The authors thank Maki Miyahara, Kozue Tashiro, and Chieko Ogawa for
managing the samples and clinical data. The authors also thank Akiko Takano for assistance with
the ELISA experiments. The authors thank Ken Higashimoto, from Divison of Molecular Genetics
& Epigenetics, Department of Biomolecular Sciences, Faculty of Medicine, Saga University for his
excellent advice. They are also grateful to Jodi Smith, ELS, from Edanz: https://jp.edanz.com/ac
(accessed on 25 May 2022) for editing a draft of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Younossi, Z.; Anstee, Q.M.; Marietti, M.; Hardy, T.; Henry, L.; Eslam, M.; George, J.; Bugianesi, E. Global burden of NAFLD and

NASH: Trends, predictions, risk factors and prevention. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 11–20. [CrossRef]
2. Noureddin, M.; Vipani, A.; Bresee, C.; Todo, T.; Kim, I.K.; Alkhouri, N.; Setiawan, V.; Tran, T.; Ayoub, W.S.; Lu, S.C.; et al. NASH

leading cause of liver transplant in women: Updated analysis of indications for liver transplant and ethnic and gender variances.
Am. J. Gastroenterol. 2018, 113, 1649–1659. [CrossRef]

3. Byrne, C.D.; Targher, G. NAFLD: A multisystem disease. J. Hepatol. 2015, 62, S47–S64. [CrossRef]
4. Targher, G.; Corey, K.E.; Byrne, C.D. NAFLD, and cardiovascular and cardiac diseases: Factors influencing risk, prediction and

treatment. Diabetes Metab. 2021, 47, 101215. [CrossRef]

https://jp.edanz.com/ac
http://doi.org/10.1038/nrgastro.2017.109
http://doi.org/10.1038/s41395-018-0088-6
http://doi.org/10.1016/j.jhep.2014.12.012
http://doi.org/10.1016/j.diabet.2020.101215


Genes 2022, 13, 1265 12 of 13

5. Sanyal, A.J.; Van Natta, M.L.; Clark, J.; Neuschwander-Tetri, B.A.; Diehl, A.; Dasarathy, S.; Loomba, R.; Chalasani, N.; Kowdley,
K.; Hameed, B.; et al. Prospective Study of Outcomes in Adults with Nonalcoholic Fatty Liver Disease. N. Engl. J. Med. 2021,
385, 1559–1569. [CrossRef]

6. Fujii, H.; Iwaki, M.; Hayashi, H.; Toyoda, H.; Oeda, S.; Hyogo, H.; Kawanaka, M.; Morishita, A.; Munekage, K.; Kawata, K.; et al.
Clinical Outcomes in Biopsy-Proven Nonalcoholic Fatty Liver Disease Patients: A Multicenter Registry-based Cohort Study. Clin.
Gastroenterol. Hepatol. 2022, S1542-3565(22)00008-8. [CrossRef]

7. Simon, T.G.; Roelstraete, B.; Hagström, H.; Sundström, J.; Ludvigsson, J.F. Non-alcoholic fatty liver disease and incident major
adverse cardiovascular events: Results from a nationwide histology cohort. Gut 2021, 6, 34489307. [CrossRef]

8. Stols-Gonçalves, D.; Hovingh, G.K.; Nieuwdorp, M.; Holleboom, A.G. NAFLD and Atherosclerosis: Two Sides of the Same
Dysmetabolic Coin? Trends Endocrinol. Metab. 2019, 30, 891–902. [CrossRef]

9. Stahl, E.P.; Dhindsa, D.S.; Lee, S.K.; Sandesara, P.B.; Chalasani, N.P.; Sperling, L.S. Nonalcoholic Fatty Liver Disease and the Heart
JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2019, 73, 948–963. [CrossRef]

10. Grobbee, D.E.; Bots, M.L. Carotid artery intima-media thickness as an indicator of generalized atherosclerosis. J. Intern. Med.
1994, 236, 567–573. [CrossRef]

11. Howard, G.; Sharrett, A.R.; Heiss, G.; Evans, G.W.; Chamb-less, L.E.; Riley, W.A.; Burke, G.L. Carotid artery intimal-medial
thickness distribution in general populations as evaluated by B-mode ultrasound. ARIC Investigators. Stroke 1993, 24, 1297–1304.
[CrossRef] [PubMed]

12. Lorenz, M.W.; Markus, H.S.; Bots, M.L.; Rosvall, M.; Sitzer, M. Prediction of clinical cardiovascular events with carotidintima-
media thickness: A systematic review and meta-analysis. Circulation 2007, 115, 459–467. [CrossRef] [PubMed]

13. Nezu, T.; Hosomi, N.; Aoki, S.; Matsumoto, M. Carotid Intima-Media Thickness for Atherosclerosis. J. Atheroscler. Thrombosis
2016, 23, 18–31. [CrossRef]

14. Sookoian, S.; Pirola, C.J. Non-alcoholic fatty liver disease is strongly associated with carotid atherosclerosis: A systematic review.
J. Hepatol. 2008, 49, 600–607. [CrossRef] [PubMed]

15. Ampuero, J.; Gallego-Durán, R.; Romero-Gómez, M. Association of NAFLD with subclinical atherosclerosis and coronary-artery
disease: Meta-analysis. Rev. Esp. Enferm. Dig. 2015, 107, 10–16.

16. Sinn, D.H.; Kang, D.; Chang, Y.; Ryu, S.; Gu, S.; Kim, H.; Seong, D.; Cho, S.J.; Yi, B.K.; Park, H.D.; et al. Non-alcoholic fatty liver
disease and progression of coronary artery calcium score: A retrospective cohort study. Gut 2017, 66, 323–329. [CrossRef]

17. Anstee, Q.M.; Darlay, R.; Cockell, S.; Meroni, M.; Govaere, O.; Tiniakos, D.; Burt, A.D.; Bedossa, P.; Palmer, J.; Liu, Y.L.; et al.
Genome-wide association study of non-alcoholic fatty liver and steatohepatitis in a histologically characterised cohort. J. Hepatol.
2020, 73, 505–515. [CrossRef]

18. Liu, Y.L.; Patman, G.L.; Leathart, J.B.; Piguet, A.C.; Burt, A.D.; Dufour, J.F.; Day, C.P.; Daly, A.K.; Reeves, H.L.; Anstee, Q.M.
Carriage of the PNPLA3 rs738409 C > G polymorphism confers an increased risk of non-alcoholic fatty liver disease associated
hepatocellular carcinoma. J. Hepatol. 2014, 61, 75–81. [CrossRef]

19. Petta, S.; Valenti, L.; Marchesini, G.; Marco, V.D.; Licata, A.; Cammà, C.; Barcellona, M.R.; Cabibi, D.; Donati, B.; Fracanzani,
A.; et al. PNPLA3 GG genotype and carotid atherosclerosis in patients with non-alcoholic fatty liver disease. PLoS ONE 2013,
8, e74089.

20. Costanzo, A.D.; D’Erasmo, L.; Polimeni, L.; Baratta, F.; Coletta, P.; Martino, M.D.; Loffredo, L.; Perri, L.; Ceci, F.; Montali, A.; et al.
Non-alcoholic fatty liver disease and subclinical atherosclerosis: A comparison of metabolically—Versus genetically-driven excess
fat hepatic storage. Atherosclerosis 2017, 257, 232–239. [CrossRef]

21. Unalp-Arida, A.; Ruhl, C.E. Patatin-Like Phospholipase Domain-Containing Protein 3 I148M and Liver Fat and Fibrosis Scores
Predict Liver Disease Mortality in the U.S. Population. Hepatology 2020, 71, 820–834. [CrossRef] [PubMed]

22. Stricher, F.; Macri, C.; Ruff, M.; Muller, S. HSPA8/HSC70 chaperone protein Structure, function, and chemical targeting. Autophagy
2013, 9, 1937–1954. [CrossRef] [PubMed]

23. Glazier, A.A.; Hafeez, N.; Mellacheruvu, D.; Basrur, V.; Nesvizhskii, A.I.; Lee, L.M.; Shao, H.; Tang, V.; Yob, J.M.; Gestwicki, J.E.;
et al. HSC70 is a chaperone for wild-type and mutant cardiac myosin binding protein C. JCI Insight 2018, 3, e99319. [CrossRef]
[PubMed]

24. He, M.; Guo, H.; Yang, X.; Zhou, L.; Zhang, X.; Cheng, L.; Zeng, H.; Hu, F.B.; Tanguay, R.M.; Wu, T. Genetic Variations in HSPA8
Gene Associated with Coronary Heart Disease Risk in a Chinese Population. PLoS ONE 2010, 5, e9684. [CrossRef]

25. Horio, M.; Imai, E.; Yasuda, Y.; Watanabe, T.; Matsuo, S. Performance of GFR equations in Japanese subjects. Clin. Exp. Nephrol.
2013, 17, 352–358. [CrossRef]

26. Kleiner, D.E.; Brunt, E.M.; Natta, M.V.; Behling, C.; Contos, M.J.; Cummings, O.W.; Ferrell, L.D.; Liu, Y.C.; Torbenson, M.S.;
Unalp-Arida, A.; et al. Design and validation of a histological scoring system for nonalcoholic fatty liver disease. Hepatology 2005,
41, 1313–1321. [CrossRef]

27. Brunt, E.M.; Janney, C.G.; Di Bisceglie, A.M.; Neuschwander-Tetri, B.A.; Bacon, B.R. Nonalcoholic steatohepatitis: A proposal for
grading and staging the histological lesions. Am. J. Gastroenterol. 1999, 94, 2467–2474. [CrossRef]

28. Nascimbeni, F.; Bedossa, P.; Fedchuk, L.; Pais, R.; Charlotte, F.; Lebray, P.; Poynard, T.; Ratziu, V. Clinical validation of the FLIP
algorithm and the SAF score in patients with non-alcoholic fatty liver disease. J. Hepatol. 2020, 72, 828–838. [CrossRef]

29. Hensley, B.; Huang, C.; Martinez, C.V.C.; Shokoohi, H.; Liteplo, A. Ultrasound Measurement of Carotid Intima-Media Thickness
and Plaques in Predicting Coronary Artery Disease. Ultrasound Med. Biol. 2020, 46, 1608–1613. [CrossRef]

http://doi.org/10.1056/NEJMoa2029349
http://doi.org/10.1016/j.cgh.2022.01.002
http://doi.org/10.1136/gutjnl-2021-325724
http://doi.org/10.1016/j.tem.2019.08.008
http://doi.org/10.1016/j.jacc.2018.11.050
http://doi.org/10.1111/j.1365-2796.1994.tb00847.x
http://doi.org/10.1161/01.STR.24.9.1297
http://www.ncbi.nlm.nih.gov/pubmed/8362421
http://doi.org/10.1161/CIRCULATIONAHA.106.628875
http://www.ncbi.nlm.nih.gov/pubmed/17242284
http://doi.org/10.5551/jat.31989
http://doi.org/10.1016/j.jhep.2008.06.012
http://www.ncbi.nlm.nih.gov/pubmed/18672311
http://doi.org/10.1136/gutjnl-2016-311854
http://doi.org/10.1016/j.jhep.2020.04.003
http://doi.org/10.1016/j.jhep.2014.02.030
http://doi.org/10.1016/j.atherosclerosis.2016.12.018
http://doi.org/10.1002/hep.31032
http://www.ncbi.nlm.nih.gov/pubmed/31705824
http://doi.org/10.4161/auto.26448
http://www.ncbi.nlm.nih.gov/pubmed/24121476
http://doi.org/10.1172/jci.insight.99319
http://www.ncbi.nlm.nih.gov/pubmed/29875314
http://doi.org/10.1371/journal.pone.0009684
http://doi.org/10.1007/s10157-012-0704-5
http://doi.org/10.1002/hep.20701
http://doi.org/10.1111/j.1572-0241.1999.01377.x
http://doi.org/10.1016/j.jhep.2019.12.008
http://doi.org/10.1016/j.ultrasmedbio.2020.03.004


Genes 2022, 13, 1265 13 of 13

30. Terminology and Diagnostic Criteria Committee; Japan Society of Ultrasonics in Medicine. Standard method for ultrasound
evaluation of carotid artery lesions. J. Med. Ultrason (2001) 2009, 36, 219–226.

31. Baldassarre, D.; Hamsten, A.; Veglia, F.; de Faire, U.; Humphries, S.E.; Smit, A.J.; Giral, P.; Kurl, S.; Rauramaa, R.; Mannarino,
E.; et al. IMPROVE Study Group. Measurements of carotid intima-media thickness and of interadventitia common carotid diameter
improve prediction of cardiovascular events: Results of the IMPROVE (Carotid Intima Media Thickness [IMT] and IMT-Progression
as Predictors of Vascular Events in a High Risk European Population) study. J. Am. Coll. Cardiol. 2012, 60, 1489–1499. [PubMed]

32. Romeo, S.; Kozlitina, J.; Xing, C.; Pertsemlidis, A.; Cox, D.; Pennacchio, L.A.; Boerwinkle, E.; Cohen, J.C.; Hobbs, H.H. Genetic
variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat. Genet. 2008, 40, 1461–1465. [CrossRef]
[PubMed]

33. Eslam, M.; Valenti, L.; Romeo, S. Genetics and epigenetics of NAFLD and NASH: Clinical impact. J. Hepatol. 2018, 68, 68–79.
[CrossRef] [PubMed]

34. Anstee, Q.M.; Seth, D.; Day, C.P. Genetic factors that affect risk of alcoholic and nonalcoholic fatty liver disease. Gastroenterology
2016, 150, 1728–1744. [CrossRef] [PubMed]

35. Abul-Husn, N.S.; Cheng, X.; Li, A.H.; Xin, Y.; Schurmann, C.; Stevis, P.; Liu, Y.; Kozlitina, J.; Stender, S.; Wood, G.C.; et al. A
protein-truncatingHSD17B13 variant and protection from chronic liver disease. N. Engl. J. Med. 2018, 378, 1096–1106. [CrossRef]
[PubMed]

36. Rotman, Y.; Koh, C.; Zmuda, J.M.; Kleiner, D.E.; Liang, T.J.; NASH CRN. The association of genetic variability in patatin-like
phospholipase domain-containing protein 3 (PNPLA3) with histological severity of nonalcoholic fatty liver disease. Hepatology
2010, 52, 894–903. [CrossRef]

37. Kawaguchi, T.; Sumida, Y.; Umemura, A.; Matsuo, K.; Takahashi, M.; Takamura, T.; Yasui, K.; Saibara, T.; Hashimoto, E.;
Kawanaka, M. Japan Study Group of Nonalcoholic Fatty Liver Disease. Genetic polymorphisms of the human PNPLA3 gene are
strongly associated with severity of non-alcoholic fatty liver disease in Japanese. PLoS ONE 2012, 7, e38322. [CrossRef]

38. Nikpay, M.; Goel, A.; Won, H.H.; Hall, L.M.; Willenborg, C.; Kanoni, S.; Saleheen, D.; Kyriakou, T.; Nelson, C.P.; Hopewell, J.C.;
et al. A comprehensive 1000 Genomes-based genome-wide association meta-analysis of coronary artery disease. Nat. Genet. 2015,
47, 1121–1130.

39. Koyama, S.; Ito, K.; Terao, C.; Akiyama, M.; Horikoshi, M.; Momozawa, Y.; Matsunaga, H.; Ieki, H.; Ozaki, K.; Onouchi, Y.; et al.
Population-specific and trans-ancestry genome-wide analyses identify distinct and shared genetic risk loci for coronary artery
disease. Nat. Genet. 2020, 52, 1169–1177. [CrossRef]

40. Bis, J.C.; Kavousi, M.; Franceschini, N.; Isaacs, A.; Abecasis, G.R.; Schminke, U.; Post, S.W.; Smith, A.V.; Cupples, L.A.; Markus,
H.S.; et al. Meta-analysis of genome-wide association studies from the CHARGE consortium identifies common variants
associated with carotid intima media thickness and plaque. Nat. Genet. 2011, 43, 940–947. [CrossRef]

41. Matsukura, M.; Ozaki, K.; Takahashi, A.; Onouchi, Y.; Morizono, T.; Komai, H.; Shigematsu, H.; Kudo, T.; Inoue, Y.; Kimura, H.;
et al. Genome-Wide Association Study of Peripheral Arterial Disease in a Japanese Population. PLoS ONE 2015, 10, e0139262.
[CrossRef] [PubMed]

42. Farzanegi, P.; Dana, A.; Ebrahimpoor, Z.; Asadi, M.; Azarbayjani, M.A. Mechanisms of beneficial effects of exercise training
on non-alcoholic fatty liver disease (NAFLD): Roles of oxidative stress and inflammation. Eur. J. Sport Sci. 2019, 19, 994–1003.
[CrossRef] [PubMed]

43. Förstermann, U.; Xia, N.; Li, H. Roles of Vascular Oxidative Stress and Nitric Oxide in the Pathogenesis of Atherosclerosis. Circ.
Res. 2017, 120, 713–735. [CrossRef] [PubMed]

44. Chen, B.H.; Chang, Y.J.; Lin, S.; Yang, W.Y. Hsc70/Stub1 promotes the removal of individual oxidatively stressed peroxisomes.
Nat. Commun. 2020, 11, 5267. [CrossRef] [PubMed]

45. Kander, M.C.; Cui, Y.; Liu, Z. Gender difference in oxidative stress: A new look at the mechanisms for cardiovascular diseases.
J. Cell. Mol. Med. 2017, 21, 1024–1032. [CrossRef] [PubMed]

46. Bandyopadhyay, U.; Kaushik, S.; Varticovski, L.; Cuervo, A.M. The chaperone-mediated autophagy receptor organizes in dynamic
protein complexes at the lysosomal membrane. Mol. Cell. Biol. 2008, 28, 5747–5763. [CrossRef]

47. Filali-Mouncef, Y.; Hunter, C.; Roccio, F.; Zagkou, S.; Dupont, N.; Primard, C.; Proikas-Cezanne, T.; Reggiori, F. The ménage à
trois of autophagy, lipid droplets and liver disease. Autophagy 2022, 18, 50–72. [CrossRef]

48. Madrigal-Matute, J.; de Bruijn, J.; van Kuijk, K.; Riascos-Bernal, D.F.; Diaz, A.; Tasset, I.; Martín-Segura, A.; Gijbels, M.J.J.; Sander,
B.; Kaushik, S.; et al. Protective role of chaperone-mediated autophagy against atherosclerosis. Proc. Natl. Acad. Sci. USA 2022,
119, e2121133119. [CrossRef]

49. Kaushik, S.; Cuervo, A.M. Degradation of lipid droplet-associated proteins by chaperone-mediated autophagy facilitates lipolysis.
Nat. Cell Biol. 2015, 17, 759–770. [CrossRef]

50. Greenberg, A.S.; Coleman, R.A.; Kraemer, F.B.; McManaman, J.L.; Obin, M.S.; Puri, V.; Yan, Q.W.; Miyoshi, H.; Mashek, D.G. The
role of lipid droplets in metabolic disease in rodents and humans. J. Clin. Investig. 2011, 121, 2102–2110. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/22999719
http://doi.org/10.1038/ng.257
http://www.ncbi.nlm.nih.gov/pubmed/18820647
http://doi.org/10.1016/j.jhep.2017.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29122391
http://doi.org/10.1053/j.gastro.2016.01.037
http://www.ncbi.nlm.nih.gov/pubmed/26873399
http://doi.org/10.1056/NEJMoa1712191
http://www.ncbi.nlm.nih.gov/pubmed/29562163
http://doi.org/10.1002/hep.23759
http://doi.org/10.1371/journal.pone.0038322
http://doi.org/10.1038/s41588-020-0705-3
http://doi.org/10.1038/ng.920
http://doi.org/10.1371/journal.pone.0139262
http://www.ncbi.nlm.nih.gov/pubmed/26488411
http://doi.org/10.1080/17461391.2019.1571114
http://www.ncbi.nlm.nih.gov/pubmed/30732555
http://doi.org/10.1161/CIRCRESAHA.116.309326
http://www.ncbi.nlm.nih.gov/pubmed/28209797
http://doi.org/10.1038/s41467-020-18942-3
http://www.ncbi.nlm.nih.gov/pubmed/33077711
http://doi.org/10.1111/jcmm.13038
http://www.ncbi.nlm.nih.gov/pubmed/27957792
http://doi.org/10.1128/MCB.02070-07
http://doi.org/10.1080/15548627.2021.1895658
http://doi.org/10.1073/pnas.2121133119
http://doi.org/10.1038/ncb3166
http://doi.org/10.1172/JCI46069

	Introduction 
	Materials and Methods 
	Patients 
	Physical Examination and Serum Biochemical Measurements 
	Liver Biopsy and Histological Assessment 
	Intima–Media Thickness Measurements 
	DNA Extraction and HSPA8 Genotyping 
	Statistics 

	Results 
	Comparison of HSPA8 Genotype Characteristics 
	HSPA8 Genotype Is Associated with Max-IMT in Men 
	PNPLA3 Genotype Is Not Associated with Max-IMT 
	Relationship between Hepatic Fibrosis and Arteriosclerosis 
	Decision-Tree Algorithm for Profiles of Significant Arteriosclerosis 

	Discussion 
	References

