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ABSTRACT

BACKGROUND

Genetic predisposition may have important role in pathogenesis of non-alcoholic fatty liver
disease (NAFLD). Angiotensin II type I receptor (AGTR1) has been known to involve in the process
of liver steatosis and fibrosis. This study aimed to investigate the association between AGTR1
A1166C polymorphism and NAFLD.

METHODS

A cross-sectional study was conducted during May 2014-May 2015 among healthy adults referring
to our radiology clinic for abdominal sonography. AGTR1 A1166C polymorphism was evaluated
in subjects with NAFLD and healthy individuals using allelic discrimination method.

RESULTS

58 subjects with NAFLD were compared with 88 healthy individuals without NAFLD. The
frequency of AA and CC genotypes of AGTR1 was significantly higher in patients with NAFLD
compared with controls (p = 0.029 and 0.042, respectively). C allele was more detected in subjects
with NAFLD compared with the healthy controls (OR: 2.1; 95% CI: 1.23-3.61, p = 0.006). CC
genotype (OR: 10.62; 95% CI: 1.05-106.57, p = 0.045) and C allele (OR: 6.81; 95% CI: 1.42-
32.48, p =0.016) were also predictors of severe fatty liver disease in our study population.

CONCLUSION
Our results provide the first evidence that AGTR1 gene A1166C polymorphism not only is
associated with NAFLD and but also may predict its severity.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is usually considered as the hepatic
feature of metabolic syndrome and is a rapidly growing disease worldwide.'
NAFLD is a clinical spectrum ranging from simple steatosis to non-alcoholic
steatohepatitis (NASH), which may progress to liver cirrhosis and hepatocel-
lular carcinoma.? NAFLD is now considered as the most common cause of
abnormalities in liver function tests. However, its early diagnosis is important
because of its potential to progress to liver cirrhosis and hepatocellular carcinoma.’
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233 patients were evaluated

33 patients were excluded
- 27 did not consent
- 4 using medications
- 2 other liver diseases

200 patients included (58 participants with
NAFLD and 142 without NAFLD)

A1166C polymorphism of AGTRI gene was

checked in 146 participants

I

l
58 with
NAFLD

88 without
NAFLD

Fig.1: Flow Diagram of the study

Many hepatologists now believe that NAFLD/NASH is
an important cause of liver cirrhosis in patients marked
as cryptogenic cirrhosis.* Furthermore, there is substantial
evidence suggesting the association between NAFLD
and sub-clinical atherosclerosis independent of traditional
metabolic risk factors.® Therefore, understanding the
pathogenesis, risk factors, and new treatment modalities of
NAFLD/NASH can be an important priority in the field
of hepatology. Some traditional risk factors for NAFLD
include metabolic syndrome, obesity, hyperlipidemia,
advanced age, and insulin resistance.® Subsequently, the
global increase in the prevalence of NAFLD is probably
secondary to global increase in metabolic syndrome and
obesity, however, the role of genetic predisposition to
NAFLD/NASH should not be neglected.” NAFLD can
occur in the absence of metabolic syndrome and its com-
ponents and this especially highlights the role of genetic
susceptibility as an important stimulus of the disease.?
Renin-angiotensin system (RAS) is an enzymatic
pathway participated in the regulation of blood pressure,
cardiovascular system, and electrolyte balance.’ Liver is
the primary source of angiotensinogen that is converted
to angiotensin I by rennin. Thereafter, angiotensin I is
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converted to angiotensin Il by angiotensin converting
enzyme (ACE)."” Angiotensin II acts through two G-
protein-coupled receptor subtypes: type 1 angiotensin II
type 1 receptor (AGTR) and type 2 receptor.!” Genetic
polymorphisms of AGTR1 have been suggested to be
associated with cardiovascular disease and metabolic
syndrome.!! In animal studies, the deletion of AGTR1 was
associated with diffuse hepatic steatosis.?> Furthermore,
AGTRI1 interactions have been observed in promotion of
hepatic fibrosis.!* Such evidence suggest AGTRI role as
an important regulator of hepatic steatosis. This study
aimed to investigate the association between polymor-
phisms of AGTR1 with NAFLD and its metabolic com-
ponents in a cluster of Iranian population.

MATERIALS AND METHODS

A cross-sectional study was conducted during May-
October 2014 among healthy adults (aged > 18 years)
referring to our radiology clinic for abdominal sonography.
(Figure 1) NAFLD was diagnosed according to below
mentioned sonographic criteria. An expert radiologist
with enough expertise in diagnosis of fatty liver performed
all ultrasound procedures. The radiologist was totally un-
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aware of clinical and laboratory tests of the participants.
Participants with a history of liver cirrhosis, underlying
liver diseases such as autoimmune hepatitis, hepatitis B
or C viruses induced hepatitis, Wilson’s disease, hepato-
biliary cancers, those with > 20 g/day alcohol consump-
tion, and individuals receiving some specific medica-
tions known to cause hepatic steatosis (like amiodarone,
valproic acid, etc) were excluded from the study. Finally,
the patients with NAFLD were compared with those
without NAFLD.

A data gathering form was used for recording the
participants’ characteristics including sex, age, height,
weight, body mass index (BMI), hip circumference,
waist circumference, waist-to-hip ratio, systolic and
diastolic blood pressure, and a history of hyperlipid-
emia, diabetes, hypertension, and ischemic heart disease
(IHD). BMI was calculated using this formula: body
weight (kg)/square of height (m?). A well trained exam-
iner measured waist circumference at the midpoint be-
tween the lower costal margin and the anterior superior
iliac crest using a standard tape. Hip circumference was
measured at the widest point between the hip and the
buttock by the examiner. Systolic and diastolic blood
pressure of brachial artery was measured using ap-
propriate cuffs. Blood samples (10 mL) were drawn in
standard tubes and were sent to our research lab affili-
ated to Shahid Beheshti University of Medial Sciences,
Tehran, Iran. Serum aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase
(ALP), albumin, total cholesterol, high-density lipopro-
tein (HDL), triglyceride, low density lipoprotein (LDL),
and glucose were measured using the same commercial
kits with standard biochemical chemistry methods.

Definition

NAFLD was diagnosed based on ultrasonographic
findings. These four criteria were used for diagnosis of
hepatic steatosis in ultrasonography: hepatorenal echo
contrast, liver brightness, deep attenuation, and vascular
blurring. The severity of liver echogenicity was considered
as a marker of severity of liver steatosis and classified as
below: grade 0: normal echogenicity; grade 1: normal
visualization of diaphragm and intrahepatic vessel borders
but slight, diffuse increase in fine echoes in liver parenchy-
ma; grade 2: moderate, slightly impaired visualization of
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intrahepatic vessels and diaphragm with diffuse increase
in fine echoes of liver parenchyma; grade 3: marked in-
crease in the fine echoes of liver parenchyma with poor
or non-visualization of the intrahepatic vessel borders,
diaphragm, and posterior right lobe of the.!* NAFLD was
defined as the presence of above mentioned ultrasound
criteria and absence of chronic liver diseases such as
autoimmune hepatitis, hepatitis B or C viruses induced
hepatitis, hepatobiliary cancers, Wilson’s disease, > 10
g/day alcohol consumption, and receiving some specific
medications known to cause hepatic steatosis (like amio-
darone, valproic acid, etc).

National Cholesterol Education Program and Adult
Treatment Panel III (NCEP: ATPIII) criteria were used
for definition of metabolic syndrome. Metabolic syndrome
was defined as the presence of three or more of the
following metabolic components: 1: Central obesity as
waist circumference > 102 cm for men and > 88 cm for
women, 2: Hypertriglyceridemia as triglyceride > 150
mg/dL or taking specific medications, 3: Low HDL cho-
lesterol as <40 mg/dL in men and < 50 mg/dL in women
or specific medications, 4: Systolic blood pressure > 130
mmHg or diastolic blood pressure > 85 mmHg or specific
medications, and 5: Fasting plasma glucose >100 mg/dL
or specific medications or previously diagnosed type 11
diabetes.”” An ALT level over 40 IU/L was considered
abnormal. Diabetes mellitus was defined as having fasting
plasma glucose > 126 mg/dL or taking glucose lowering
agents. The participants were considered to have high
blood pressure if they used anti-hypertensive medications
or if they had systolic blood pressure > 140 mm/Hg or
diastolic blood pressure > 90 mm/Hg. The sample size
was estimated assuming a prevalence of 25% for a 95%
confidence interval and 80% power.

Genotyping

Whole blood was collected from the study participants
in EDTA tubes and the genomic DNA was extracted
from the peripheral blood leukocytes using a QIAamp
DNA Blood Kit (QIAGEN Inc., Hilden, Germany).
DNA was stored at -20° until the time of usage. TagMan
polymerase chain reaction (PCR) was applied for deter-
mination of A—C transversion at nucleotide position
1166 of the angiotensin II type 1 receptor gene (AGTR1
A1166C). Genotype determination was performed using
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Table 1: Baseline characteristics of the study participants

Variables 'With NAFLD (58 patients) Without NAFLD (142 patients) P value
Age (year) 40.71 + 6.84 37.07 +7.03 0.0001
Weight (kg) 83.46+£9.73 77.44 +£7.57 0.0001
Height (cm) 172.53 £ 6.27 174.76 £ 5.67 0.015
BMI (kg/m?) 28.06 +3.23 25354221 0.0001
Waist circumference (cm) 87.75+7.42 83.67+7.24 0.0001
Hip circumference (cm) 101.06 £ 4.70 96.03 +4.56 0.0001
Triglyceride (mg/dL) 183.37 £ 73.57 161.62 £42.29 0.15
HDL (mg/dL) 41.50 +5.54 42.05+5.28 0.50
LDL (mg/dL) 133.98 £ 15.99 129.30 + 18.86 0.09
Cholesterol (mg/dL) 199.10 + 44.09 184.07 +38.76 0.018
FPG (mg/dL) 88.60 +16.15 86.95+10.89 0.40
ALT (IU/L) 38.56 £ 17.61 20.76 + 6.40 0.0001
AST (IU/L) 23.98 +8.97 22.92 +6.37 0.34
ALP (IU/L) 159.96 +43.46 160.90 + 33.70 0.87
Albumin (mg/dL) 4334043 4.38+0.36 0.37

NAFLD: Non-alcoholic fatty liver disease; BMI: body mass index; LDL: Low density lipoprotein; HDL: high density lipoprotein; FPG: fasting plasma glucose; ALT: alanine aminotransferase;

ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; kg: kilogram; cm: centimeter

TagMan 5’ nuclease assay (Applied Biosystems, Foster
City, CA) by two TagMan probes, one for each allele.
Allelic Discrimination (AD) method and applied biosys-
tem (ABI) Proteomic Investigation Strategy for Mam-
mals (PRISM) 7500 instrument and sequence detector
software (SDS) 1.1 (Applied Biosystems, Foster City,
CA) were applied for data analysis and genotyping. Ge-
notyping PCR reaction consisted of TagMan Universal
PCR Master Mix 2X, TagMan predesigned primers, and
probes mixture (assay ID C 441625 10, Applied Bio-
systems, Foster City, CA), deionized water, and 20 ng of
purified genomic DNA.PCR was performed at 93°C for
5 min, followed by 30 cycles at 93°C for 60 s, at 55°C
for 60 s and 72°C for 60 s. A final extension step was
carried out at 72°C for 5 min.

Ethics and consent

Prior approval for the sonography and blood sam-
pling were obtained from the Ethics Committee of AJA
University of Medical Sciences, Tehran, Iran. A written
informed consent including all steps of the study, the
possible harms and benefits of the study were signed by
all the participants after careful description of the study
protocol. The study was performed in accordance with
the Helsinki Declaration as revised in Seoul in 2008.
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Statistical analysis

Student’s t test was used for comparisons of continuous
variables. Chi-square test was used for analysis of cat-
egorical variables. Mann-Whitney test (non-parametric
test) was used when appropriate. Logistic regression
model was applied to identify independent risk factors of
NAFLD. SPSS software version 16.0 (SPSS Inc.; Chi-
cago, IL, USA) was used for statistical analysis. P values
< 0.05 were considered as statistically significant.

RESULTS

Of 233 individuals, 33 subjects were excluded from
the study (27 did not consent to participate in the study,
4 due to medications, and 2 due to other causes of liver
disease). Of the remaining 200 individuals who completed
the study, 58 (29%) subjects were found to have different
degrees of fatty liver. We categorized the severity of fatty
infiltration of the liver (based on sonographic findings)
to mild, moderate, and severe. In patients with NAFLD,
31 (15.5%) subjects had mild NAFLD, and 27 (13.5%) had
moderate to severe NAFLD. Mean age of the patients with
NAFLD was 40.71 + 6.84 years compared with those with-
out NAFLD 37.07 + 7.03 years (p = 000.1). Baseline char-
acteristics and anthropometric indices of the study partici-
pants were outlined in table 1. Mean of all anthropometric
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Table 2: Associated risks in subjects with NAFLD and those without NAFLD

Variables NAFLD (+) NAFLD (-) OR (95% CI) Pvalue
Metabolic Sy 31 (53.44%) 27 (19.01%) 3.51 (1.84 - 6.66) <0.001
DM 6 (10.34%) 4(2.81%) 32(1.58-9.71) <0.01
HLP 15 (25.86%) 12 (8.45%) 3.77 (1.64 - 8.69) 0.002
CAD 2 (3.44%) 1(0.7%) 5.03 (0.44 - 10.66) 0.20
HTN 3 (5.17%) 1 (1.4%) 7.61(0.78 - 15.74) 0.1
Smoking 9 (15.51%) 13 (9.15%) 1.82(0.73 - 4.53) 0.14

NAFLD: Non-alcoholic fatty liver disease; Metabolic Sy: Metabolic syndrome; DM: Diabetes mellitus; HLP: Hyperlipidemia; HTN: Hypertension; CAD: Coronary artery disease; OR:

Odds Ratio; CI: Confidence interval

Table 3: Multivariate regression analysis for the NAFLD predictors

Variables OR (95% CI) P value
BMI 7.74 (1.25-3.73) 0.005
Waist circumference 9.26 (0.68 - 0.92) 0.002
Hip circumference 5.21 (1.02 - 1.39) 0.022
Metabolic syndrome 15.21 (9.74 - 14.43) <0.001
ALT 26.46 (1.19 - 1.50) <0.001
NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; ALT: Alanine aminotransferase; OR: Odds Ratio; CI: Confidence interval
Table 4: Association between A1166C polymorphism of AGTR1 gene and NAFLD

Variables NAFLD (+) NAFLD (-) OR 95% CI) P value
Genotype

AA 25 (43.1%) 57 (64.7%) 1 Reference 1

AC 27 (46.5%) 28 (31.8%) 2.19 1.08 - 4.46 0.029

CcC 6(10.3%) 3(3.4%) 4.56 1.05-19.70 0.042
Allele

A 77 (66.3%) 142 (80.6%) 1 Reference 1

C 39 (33.6%) 34 (19.3%) 2.11 1.23-3.61 0.006

NAFLD: Non-alcoholic fatty liver disease; OR: Odds Ratio; CI: Confidence interval

indices including BMI, weight, height, waist circumfer-
ence, and hip circumference were significantly higher
in subjects with NAFLD compared with those without
NAFLD (p < 0.05, table 1). Mean total cholesterol was
significantly higher in subjects with NAFLD in com-
parison with the controls using univariate analysis (p =
0.018, tablel). Mean HDL, LDL, triglyceride, and fast-
ing plasma glucose were not associated with NAFLD
in univariate analysis (table 1). Higher serum ALT was
also a predictor of NAFLD (38.56 + 17.61 vs. 20.76 +
6.40 TU/L) (p = 0.0001). Metabolic syndrome was de-
tected in 31 (53.44%) individuals in NAFLD group and
in 27 (19.01 %) individuals in the control group (p <
0.001) (OR: 3.51, 95% CI: 1.84-6.66). Personal history
of hyperlipidemia and diabetes mellitus were also asso-
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ciated with NAFLD (p < 0.05, table 2).

Multivariate logistic regression analysis of risk factors
showed that BMI, metabolic syndrome, waist circumfer-
ence, hip circumference, and serum ALT were independent
predictors of NAFLD in our study population (table 3).

58 subjects with NALFD were compared with 88 sub-
jects without NAFLD regarding A1166C polymorphism
of AGTR1 gene. The genotype frequencies of the gene
polymorphisms did not significantly differ from the
values predicted by Hardy-Weinberg equilibrium. The
frequencies of AA, AC, and CC genotypes were outlined
in table 4. The AC and CC genotypes were significantly
associated with NAFLD in our study population (table 4).
C allele was more detected in subjects with NAFLD
compared with the healthy controls (OR: 2.1; 95% CI:
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Fig.2: Allelic discrimination plot for A1166C polymorphism
of AGTR1

1.23-3.61, p = 0.006). The association between disease
severity and frequencies of genotypes and alleles were
also determined. CC genotype (OR: 10.62; 95% CI:
1.05-106.57, p = 0.045) and C allele (OR: 6.81; 95% CI:
1.42- 32.48, p = 0.016) were also predictors of severe
fatty liver disease in our study population.

DISCUSSION

The prevalence of NAFLD irrespective of severity
was 29% in our study population. However, only 13.5%
had moderate to severe fatty liver based on ultrasound
findings. This study population was totally composed of
citizens of a large city, Shiraz, with modern life styles.
This prevalence is comparable to the previous report
from this region.!¢!®

Results of the present study showed that BMI, meta-
bolic syndrome, waist circumference, hip circumference
(markers of central obesity), and serum ALT were all
associated with the presence of NAFLD independently.
These findings were also confirmed the results of the
previous studies from this region.!” NAFLD has no spe-
cific heralding sign or symptoms and many patients are
discovered in routine health examinations.?* Therefore,
in obese individuals and in subjects with central obesity
especially with high serum ALT level, careful evaluation
and follow-up should be considered for early detection
and treatment of NAFLD.

Two previous studies confirmed the associa-
tion between other AGTR1 gene polymorphisms and
NAFLD.2?2 However, the results of our study provide
the first evidence of the association between AGTR1
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gene A166C polymorphism and NAFLD. AC and CC
genotypes as well as C allele were predictors of NAFLD
in our study population. The other novel finding was the
association between CC genotype and C allele of AGTR1
gene with more severe forms of NAFLD. (Figure 2)

The role of rennin-angiotensin system in liver fibrosis
and steatosis has been previously investigated.'? Granzow
and colleagues showed that AGTR1 mediated activation
of Janus kinase-2 (JAK-2) led to activation of hepatic
stellate cells (HSCs) and liver fibrosis.”? Angiotensin II
also facilitates fibrogenic effects of transforming growth
factor-p (TGF-B) and promotes liver fibrosis.** Other
study on a rat model of NASH showed that development
of hepatic fibrosis in NASH might be the result of inter-
action between toll like receptor-4 (TLR-4) and angio-
tensin I1.” Based on these findings some authors started
to investigate the role of blocking rennin-angiotensin
system in the treatment of NAFLD/NASH in animal
models, 2?7 and in humans.?*%

A1166C polymorphism of AGTR1 has been studied
in some studies of NAFLD. In Iranian population, a re-
cent study confirmed the association between A1166C
polymorphism of AGTR1 gene and diabetes mellitus
type 2 (DM II) and coronary artery disease. C allele
was also more frequently detected in patients with DM
II and coronary artery disease.*® Palatini and colleagues
showed that C allele of A1166C polymorphism of AGTR1
predicted hypertension and metabolic syndrome.’' An-
other previously published study among patients with
metabolic syndrome has also confirmed these results.*
CC genotype of AGTR1 gene A1166C was reported to
be associated with central obesity and dyslipidemia.*
Frequency of C allele in AGTR1 gene A1166C was also
reported to be higher in subjects with insulin resistance
as a strong suggested underlying mechanism for hepatic
steatosis.** Such substantial evidence and results of the
present study all signify the role of RAS and AGTR1
gene A1166C polymorphism in the pathogenesis of
NAFLD.

Adiponectin is an adipocytokine that is expressed in
visceral adipose tissue and is involved in energy and
fat metabolism. Increased adiponectin level seems to
be protective against insulin resistance and decreased
plasma adiponectin has been observed in DM II and
cardiovascular disease.’**” Plasma adiponection level is
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also decreased in patients with NAFLD.*® On the other
hand, there is a direct association between plasma adipo-
nection level and rennin angiotensin system though that
blockade of rennin-angiotensin system causes increase
in serum adiponection level.¥

It has been previously suggested that C allele of
AGTRI1 A1166C has been associated with lower response
to statin therapy.*® Statins have been shown to be safe
and effective for the treatment of NASH especially in
those with other risks for cardiovascular disease.*'*
Therefore, our findings are also important in clinical sce-
nario and the association between AGTR1 gene A1166C
and clinical response to treatment of NAFLD can be the
topic for future studies. This study further emphasizes
the important role of RAS in hepatic steatosis and supports
targeting inhibition of renin-angiotensin pathway as a
treatment option for NAFLD.
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