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ABSTRACT

Background and objectives: Atherosclerotic cardiovascular disease is the leading
cause of death in industrialized countries. High level of plasma lipids including cholesterol
and triglycerides is one of the most important risk factors of atherosclerosis. Previous
studies have shown that three members of the ATP-binding cassette, subfamily G (ABCG4,
ABCGS and ABCGS) are involved in transporting sterols across membranes. The purpose of
this study was to assess the effect of high-intensity resistance training (IIRT) and aerobic
exercise (AE) on expression of the ABCG4, ABCG5 and ABCGS genes in female athletes.

Methods: Twenty-four female athletes from the Khorasan Province (Iran) were
randomly selected and assigned into three groups: control (N=3), AE (N=8) and HIRT
(N=8). The subjects in the HIRT group and the AE group performed exercise at intensity of
75-60% of 1-repetion maximum and 75-80% of maximum heart rate, respectively. Blood
samples were collected at baseline and immediately after the exercise session. After isolation
of lymphocytes by centrifugation and purification of mRNA, gene expression changes were
investigated by Real-Time-PCR. Data were analyzed using one-way ANOVA and the Tukey's
lest.

Results: Both training protocols significantly increased the expression of ABCG4, AB(GS
and ABCGS in the subjects (P<<0.05), and there was no significant difference in the
expression of these genes between the experimental groups (P>0.05 .(

Conelusion: A single session of HIRT and AE may have beneficial effects on prevention
of atherosclerosis .

Keywords: Aerobic Exercise, High Intensily Resistance Training, ABCG4, ABCGS, ABCGS,
PBMN.

This paper should be cited as: Bagheri R, Darroudi S, Hosseini SM, Nikkar H, Khodadadi F, Kasraee S, Sazegar M,
Rashidlamir A. [Effects of High-Intensity Resistance Training and Aerobic Exercise on Expression of ABCG4, ABCG5
and ABCG8 Genes in Female Athletes]. mljgoums. 2020; 14(3): 40-45.


mailto:Rashidlamir@um.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

41 / Bagheri and colleagues

INTRODUCTION

The most frequent cause of death in
industrialized countries is atherosclerosis,
which is closely linked with plasma
lipoprotein  levels and  subsequently
cholesterol deposition in vascular cells (1).
Cholesterol and phospholipids are imperative
for the body; however, excessive accumulation
of cholesterol or fat is toxic and a risk factor
for atherosclerosis (2). Reverse cholesterol
transport (RCT) is a process in which excess
cholesterol from peripheral tissues, including
arterial wall macrophages, is returned to the
liver, where it is broken and excreted. This
process prevents cholesterol adherence to the
artery wall (3). Reduction of cholesterol intake
in intestines and transport of excess cholesterol
in peripheral tissues to the liver and biliary
cholesterol secretion are necessary for
maintaining cholesterol homeostasis.
Excessive cholesterol in the liver is excreted
directly to the bile or indirectly to bile acids
(4).

ATP-binding cassette transporters (ABC) have
an important role in RCT and are divided into
seven groups of A to G (5). Regarding the
important role of ABCG and ABCA
transporters in the absorption and elimination
of sterols, the role of these genes in
determining the genetic significance of lipid
levels is currently under consideration (6).
These two members play a role in lipid
transfer and provide a protective mechanism
for removal of excess cholesterol in the body.
However, ABCAl1 and ABCG1 are not
involved in transfer of cholesterol from the
liver to bile ducts (7). ATP-binding cassette
transporters consist of a large family of
membrane proteins that utilize ATP hydrolysis
energy for transporting various molecules
across the biological membrane (8). As a
member of the ABC family and a lipid carrier,
ABCG have several members including
ABCG1, ABCG2, ABCG3, ABCG4, ABCGS5,
ABCG8, ABCG11, ABCG12 and ABCG26
(9). The ABC protein is involved in the RCT
process and the metabolism of plasma and
tissue cholesterol (10). In fact, all ABCGs
except for G2, play an important role in the
RCT process (11).

Studies have shown that ABCG1, ABCGA4,
ABCG5 and ABCG8 are the major
determinant of on high-density lipoprotein
(HDL) levels and the most important
protective agents against atherosclerosis (12).
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Moreover, ABCG4, ABCG5 and ABCGS are
key regulators in the removal of cholesterol
and phospholipid from macrophage foam cells.
In addition, the expression of these regulatory
factors, especially in the leucocyte, is
important for homeostatic regulation (13).
In recent years, various studies have been
conducted on the effect of exercise on the
ABC-family proteins. Connolly et al. showed
that a single bout of intensive exercise changes
the expression of hundreds of genes, including
inflammatory and pro-inflammatory genes as
well as genes necessary for physiological
functions in healthy men (14). In addition, a
number of studies have shown that genetic
factors may contribute to the improvement of
cardiovascular risk factors in response to
regular physical activity (15). Biittner et al.
examined the effect of treadmill running at
80% VO;,max and 60% VO.max on gene
expression profile of white blood cell and
reported upregulation of 450 genes and
downregulation of 150 genes in male
participants (16). Previous studies have shown
that expression of the ABCG4, ABCG5 and
ABCGS8 genes is influenced by various factors,
.including a high-fat diet and physical training
Although several studies have investigated the
effect of different types of training on
expression of ABCAL and ABCGL1 (17, 18), no
study has yet investigated the response of
ABCG4, ABCG5 and ABCG8 to exercise. It
has been suggested that a high cholesterol diet
can increase ABCG5/ABCGS8 levels and
cholesterol transfer from the liver to the biliary
duct (19). The aim of the present study was to
investigate effects of aerobic exercise (AE)
and high-intensity resistance training (HIRT)
on the expression of ABCG4, ABCG5 and
ABCG8 genes in lymphocytes of female
athletes.
MATERIALS AND METHODS

Overall, 24 female athletes with mean age
of 21.48 years and mean body mass index of
22.28 kg.m? were selected for participation in
the study. Exclusion criteria included having
cardiovascular disease, diabetes, hypertension
or other health risk factors and consumption of
alcohol or sport supplements. Informed
consent was obtained from all participants
prior to participation in the study(20).
First, the participants were familiarized with
the study procedures and were randomly
assigned into three groups:_aerobic exercise



(AE; n=8), high-intensity resistance training
(HIRT; n=8) and control (C; n=8).
Measurements were performed at baseline and
after eight weeks at the same time of day. The
participants were instructed not to alter their
regular lifestyle and dietary habits during the
study.
The subject were weighed on emptied bladder
using a digital scale (lumbar, China) to the
nearest 0.1 kg. Height was measured with a
stadiometer (Race industrialization, China) to
the nearest 0.1 cm. Body fat percentage was
determined using a caliper device (Lafayette,
model 01127, USA) with an accuracy of 1mm.
Three skinfold sites were measured, namely
above the iliac, femoral neck and triceps-
brachii on the right side. Then, body fat
percentage was calculated using the Jackson
and Pollock formula (21).
To minimize dietary variability, the
participants were required to submit 3-day
(two weekdays and one weekend) food records
at baseline and eight weeks after the training
session. Each dietary item was entered into the
Diet Analysis Plus software (version 10,
Cengage, USA) and total energy consumption
as well as the amount of energy derived from
proteins, fats and carbohydrates were assessed.
Maximal strength testing took place 24 hours
after the body composition measurement. The
participants warmed up for 10 minutes and
rested for five minutes between every three
attempts. They were instructed to refrain from
food intake for two hours before the testing;
however, water consumption was allowed. The
test was carried out every two weeks. The
maximal strength was measured using the
following formula (22):

1 repetition maximum (1RM) = weight/

(1.0278-0.0278xreps)

Each set of HIRT included nine exercises at
nine stations, with 20 repetitions per exercise,
and no rest interval between stations. Three
sets with three minutes rest intervals between
sets were performed. The intensity of the
exercises was set at 75-80% of 1RM. The total
time of the training sessions was 40 minutes,
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consisting of 15 minutes of warm up, 10
minutes of cool down and 15 minutes of
training. The control group did not perform
any exercise. The exercises included chest
press, leg press, seated rowing, leg extension,
biceps curl and standing calf raise.

In the HIRT group, subjects ran for 1.5 mile at
75 to 80% of maximum heart rate (HR). In the
AE group, subjects ran on treadmill for 1.5
miles at 70% of maximum HR. The HR was
monitored using a HR monitor.

Blood samples were taken after 12 hours of
overnight fasting. The samples were collected
in tubes containing EDTA anticoagulant and
were transferred to the laboratory. A semi-
quantitative RT-PCR method was used to
perform the mRNA purification test. The
lymphocytes were put in liquid nitrogen and
completely crushed by mortal and pestle. The
degraded tissue was homogenized in the RLT
buffer. The use of the rotor-stator homogenizer
provides more levels of RNA. Tissue powder
and liquid nitrogen were poured into a 2 ml
RNase free tube and allowed the nitrogen to be
evaporated, but the lymphocytes were not
frozen. An adequate amount of RLT buffer
was added. Lysate was transferred directly to
the QlAshredder column located on the tube
and centrifuged for 2 minutes and high speed.
Total RNA was extracted from 80 to 100 mg
of tissue using an RNA purification Kit
(AccuZol, Bioneer, Cat. No: k3090, Korea).
Complementary DNA (cDNA) was produced
using oligo-(dt);s primers (0.25 npg per
reaction) and a CcDNA synthesis kit
(AccuPower RT PreMix) according to the
manufacturer’s instructions. Real-time PCR
was performed wusing the LightCycler
apparatus  (Corbet, Australia). Real-time
quantitative PCR was performed using
QuantiFast SYBR Green PCR Kit (Cat. No.
204052; Qiagen, GmbH, Germany) in a 15 uL
reaction solution containing 0.5 pL single-
strand cDNA, 7.5 pLL Master Mix, 1 pL of the
each primers (5 pmol/uL) and 5 pL dH2O.
Sequences of the primers used in the
experiment are listed in tablel.

Table 1. The sequences of the primers used in the study

Gene Forward primer Reverse primer
ABCG4 5'-CCGAGACCAGCCGCTTC-3 '5-TCCCAAAGACTGGGCAACTAAG-3
ABCG5 -CGTCAGATTTCCAATGACTTCCG-3'5 -TCCGTCCTCCAGTTCATAGTACA-35
ABCG8 -AGGCTCAGTTACAGGCTCAGAG-35 -GTCCCACTTCTGCTGGCATGAT-3'5
Actin AGCCTTCCTTCCTGGGCATGG AGCACTGTGTTGGCGTACAGGTC
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Results of the PCR experiment were analyzed
by gel electrophoresis.

Normality of data and homogeneity of
variance between groups were investigated
using the Shapiro-Wilk test and the Levene’s
test, respectively. Parametric tests were used to
examine intergroup variations. One-way
ANOVA and Tukey's test were used to detect
significant differences. All statistical analyses
were performed in IBM SPSS Statistics 24.0 at
significance of 0.05.

RESULTS

Baseline anthropometric characteristics of
the participants are presented in table2. A
single bout of AE and HIRT increased the
expression of ABCG4, ABCG5 and ABCGS8
(Table 3). The results of the Tukey's test
indicated no significant difference in the
expression of the mentioned genes between the
two training groups (P>0.05). Moreover, the
anthropometric variables did not change
significantly after the training intervention.

Table 2. Baseline anthropometric characteristics of the participants

Variable Control HIRT AE P-value
Age (year) 21.3+17 21.8+3 21.1+23 0.38
Height (cm) 161.6+1.8 160.5+3.9 163.1+£5.2 0.46
Weight (kg) 59.6+7.6 56.3+9.3 58.2+7.8 0.42
Body mass index (kg/m?) 228+3.4 21.8+3 21.8+19 0.45
Body fat percentage (%) 196 +1.6 18.2+3.1 19.6 £5.5 0.77
Table 3. Changes in expression of ABCG4, ABCG5 and ABCG8 genes in each study group
Gene Stage Control HIRT AE F P-value
ABCG4 Pre-training 0.37 £0.45 0.2+0.15 0.69 £ 0.45 19.91 0.001
Post-training 0.25+0.23 2.32+0.58 2.74 + 0.66
ABCG5 Pre-training 0.41+0.33 0.54 £0.34 0.64 + 0.49 9.21 0.001
Post-training 0.26 £ 0.25 1.22+0.45 1.37+0.64
ABCGS8 Pre-training 0.32+0.21 044 +0.41 0.7+0.37 7.21 0.004
Post-training 0.32+0.24 1.33+£0.52 1.58 £0.91
DISCUSSION

A single bout of both AE and HIRT increased
the expression of ABCG4, ABCG5 and ABCG8
in lymphocytes of female athletes. As
mentioned previously, ABCG4, ABCG5 and
ABCGS8 play an important role in the RCT
process. ABCG5 has been thought to reduce
biliary cholesterol secretion and absorption of
dietary cholesterol (23). ABCG4, which has
the same structure and function as ABCGL,
transfers cholesterol from macrophages to the
liver and regulates cholesterol homeostasis in
the brain (24). ABCG1 and ABCG4 increase
cholesterol efflux to HDL. Numerous studies
have shown that physical activity can increase
the expression of ABCAl (2, 16, 18, 25).
Despite the known effects of physical activity
on ABC family gene expression, few studies
have evaluated the effects of different types of
exercise on expression of these genes,
especially genes other than ABCAL (13, 16).
Wang et al. reported that ABCG1l and ABCG4
stimulate isotopic cholesterol efflux to HDL-2
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and HDL-3. They also observed that the
combination of ABCG1 and ABCG4 resulted
in a slight increase in the cholesterol efflux
(26).

Research has shown that physical activity followed
by dietary intervention may affect expression of
ABCG4, ABCG5 and ABCGS8 in lymphocyte, the
liver, small intestine and heart of mice. Ghanbari-
Niaki et al. reported that eight weeks of endurance
training (25 m/min, 60 minutes per session, five
days a week) led to expression of ABCG4, ABCG5
and ABCGS8 genes in the small intestine and kidney
of mice (18).

Another study showed that ABCG4 expression
changes were associated with significant variation
in plasma HDL-cholesterol level in the liver and
intestinal tissues (10).

A fat-free diet or consumption of unsaturated fatty
acids increase the expression of ABCA1l, ABCG4,
ABCG5 and ABCGS8, while low and moderate
intensity exercise can also increase the oxidation of
fatty acids (27).

Recently, Coté et al. showed that six weeks of
advanced exercise training (16-26 m/min at 0-10%



slope, 15-60 min/day, five times a week)
increase the expression of ABCG5 and ABCG8
genes in the small intestine of mice, while an
atherogenic diet (high fat / high cholesterol)
had no such effect (28). In a study by
Rashidlamir et al., an aerobic or resistance
training session significantly increased the
expression of ABCG1 (29). Previous studies
demonstrated that short-term endurance
training at moderate intensity increases
expression of the ABC genes, pre-beta HDL
level and eventually HDL, all of which
promote RCT and prevent atherosclerosis (30).
It has been suggested that ABCA1l, ABCGL,
ABCG4, ABCG5 and ABCGS8 expression may
be due to increased lipoprotein lipase, liver
lipase, beta-HDL and lecithin-cholesterol
acyltransferase, which are important factors in
the prevention of cardiovascular disease (2).
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In the present study, we did not evaluate the
effect of the trainings on nuclear receptors that
are present in the cholesterol outflow, namely
peroxisome proliferator-activated receptors,
liver X receptor and farnesoid X receptor that
are thought to be involved in regulation of
ABCG4, ABCG5 and ABCG8 expression (28),
which is a limitation of our study .
CONCLUSION

Our results demonstrate that AE and HIRT
are beneficial for cardiovascular health.
Therefore, we recommend athletes, especially
females, to perform HIRT in addition to AE to
achieve greater physiological benefits.
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