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ABSTRACT

Background and Aim: Recent research has shown that microRNAs (miRNAs) can be regarded
as new biomarkers for metabolic and angiogenesis-related diseases. This study aimed to
Received: 23 Feb 2022 . investigate the effect of 8 weeks of resistance training on the expression of miRNAs associated
Accepted: 03 Mar 2022 : with adipose tissue angiogenesis in rats with a high-fat diet.
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Materials and Methods: Forty male Wistar rats were randomly divided into four groups
(each with 10 rats): normal diet, normal diet+resistance training, high-fat diet, and high-fat
diet+resistance training. The resistance training groups performed 5 sessions of resistance
training protocol each week for 8 weeks. After one week of familiarity with ladders, in the 2"
week, weights of 30% of body weight were attached to the rats’ tails, which gradually reached
about 180% of their body weight by the end of 8 weeks. To evaluate the effect of resistance
training and a high-fat diet on miR-221, miR-222, miR-329, and vascular endothelial growth
factor (VEGF) variables, sampling of mesenteric adipose tissue was performed immediately
after killing the animals.

Results: The levels of miR-221, miR-222, and VEGF in the resistance training group+normal

Keywords: : diet and resistance training group-+high-fat diet increased significantly compared to the control
High-fat diet : groups (P=0.001, and P=0.001, respectively). However, no significant difference was observed
Angiogenesi; :  inany groups regarding miR-329 (P=0.103).

MicroRNAs, Resistance Conclusion: The results showed that resistance training increased microRNAs levels associated
training : with adipose tissue angiogenesis in rats on a high-fat and normal diet.
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1. Introduction

ecause of changes in lifestyle and consum-
ing more high-calorie and high-fat foods,
weight gain and obesity are seen more in
society. Research has shown that eating
high-fat foods increases the number and
volume of adipose cells, which ultimately
results in adipose tissue proliferation and
various problems such as insulin resistance, high blood
pressure, cardiovascular disease, metabolic syndrome,
stroke, type 2 diabetes, and sudden death [1, 2]. For this
reason, in recent years, researchers have investigated the
relationship between a high-fat diet, adipose tissue, and
vascular diseases [3, 4].

Adipose tissue needs angiogenesis for its survival
and development, so it produces vascular endothelial
growth factor (VEGF). On the other hand, increasing
fat mass leads to the secretion of anti-angiogenesis fac-
tors, including resistin, and ultimately obesity leads to
atherosclerosis and cardiovascular diseases. Therefore,
adipose tissue survival depends on its vascular network
[5, 6]. When new adipose tissue is made, the required
blood vessels are also formed [7, §]. Excessive expan-
sion of adipose tissue can lead to hypoxia. A significant
reduction (70%) in adipose tissue PO, was reported in
obese rats. Factors such as leptin, adiponectin, VEGF,
and hypoxia are involved in adipose tissue angiogenesis
[9]. Stimulation of VEGF leads to the growth, migra-
tion, and survival of endothelial cells, resulting in fur-
ther expansion of the vascular network and growth of
the adipose mass, but extra stimulation of antiangiogenic
factors versus angiogenic factors suppresses the process
of angiogenesis; as a result, angiogenesis stops and the
arteries are damaged [10].

Factors such as the type of diet, metabolic and hormonal
diseases, as well as lifestyle, are effective in the process of
angiogenesis. In other words, exercise, on the one hand,
and obesity, on the other hand, change angiogenesis in
adipose tissue, resulting in changes in metabolic processes
[11, 12]. So far, few studies have been conducted on the
effect of resistance exercise on the activity of visceral adi-
pose tissue and subcutaneous fat, and most studies have
examined the effect of endurance activities on adipokines
and cytokines of adipose tissue. According to Disanzo et
al. (2014), acrobic exercise increases the expression of the
VEGF-A gene in adipose tissue, and this gene is a crucial
factor in the angiogenesis of this tissue [13]. Molla Has-
sanzadeh et al. (2016) investigated the effect of 8 weeks
of aerobic exercise on angiogenesis and body composition
in overweight women. The results showed that 8 weeks
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of aerobic exercise increased VEGF and significantly re-
duced the body mass index of overweight women [14].
Van Pelt et al. (2017) also showed that aerobic exercise
increased angiogenic factors in subcutaneous fat of over-
weight women [15]. Therefore, exercise is one of the ap-
propriate and effective ways to regulate the metabolic sta-
tus of the body. In addition, exercise can prevent metabolic
and cardiovascular diseases not only by reducing fat mass
but also by regulating transcription and improving protein
levels. Furthermore, they prevent adipose tissue hypoxia
by increasing mRNA and VEGF in adipose tissue [16].

Experts have drawn their attention to the effect of mi-
croRNAs (miRNAs) in various cellular and molecular
processes. MicroRNAs are small fragments of RNA
molecules, 18-22 nucleotides in length, that play an es-
sential role in regulating the activity of genes and induce
the degradation or inhibition of specific mRNA transla-
tion of target genes [17, 18]. miRNAs are transcribed in
the nucleus as fragments of several hundred nucleotides.
This precursor miRNA becomes an incomplete hairpin
and matures into a mature miRNA during cutting and pro-
cessing in the nucleus and cytoplasm [18]. Therefore, the
role of miRNAs in angiogenesis in various tissues, includ-
ing adipose tissue, can be mentioned. Some research has
examined various microRNAs for angiogenesis: miR-93,
miR-195, miR-276, miR-34a, miR-124, miR-329, miR-
199b, miR-204, miR-200b, miR-361-5p, miR-874, miR-
125-5p, miR-146, miR-211, and miR-222 [19, 20]. Based
on studies on the expression and function of miRNA in
angiogenesis, they fall into two major classes. One group
of miRNAs, including miR-34a, miR-124, miR-29, miR-
126, miR-150, miR-221, miR-222, and miR17-92 further
regulate angiogenesis by targeting specific genes. The
other group of miRNAs is modulated by antiangiogenic
or hypoxic factors. They include miR-483-3p, miR-21,
miR-210, miR-296, miR-93, miR-206, miR-26, miR-155,
miR-424, miR-27b, and miR-130a [19].

Evidence shows that miR-221 and miR-222 have the same
genes, target, and biological functions in physiological an-
giogenesis and tumor [21, 22]. However, an interesting study
shows that these two miRNAs have different activities in
mediating angiogenesis. miR-222 inhibits mediated vascu-
lar growth (cell proliferation and migration, transducer and
transcription activator bound to 30UTR expression, and cy-
clin D1 in ECs) [23]. Thus, the role of miR-222 or its targets
is cell-dependent. miR-221 and miR-222 have many mRNA
targets responsible for miRNA-mediated angiogenesis [21].
miR-329 adversely regulates angiogenesis by directly tar-
geting the angiogenesis CD146 gene. miR-329 expression is
decreased by VEGF and TNF-o, leading to positive regula-
tion of CD146 and increased angiogenesis [24].
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Moderate-intensity aerobic exercise does not affect
subcutaneous adipose tissue angiogenesis in individuals
with insulin resistance. In this regard, it has been shown
that intense interval training versus continuous training
reduces visceral and subcutaneous fat. It has been sug-
gested that further reduction of visceral and subcutane-
ous fat after strenuous interval training may be due to
angiogenesis hormones. In general, exercise improves
body composition and associated risks by reducing cell
volume rather than cell count. Considering the effect of
exercise on miRNAs related to adipose tissue and the
contradictory results regarding the process of angiogen-
esis in adipose tissue and the role of a high-fat diet in its
creation, we aimed to evaluate the effect of 8 weeks of
resistance training on some of the microRNAs associated
with adipose tissue angiogenesis in high-fat dietary rats.

2. Materials and Methods

Forty male 6-week-old Wistar rats (Mean+SD body
weight: 193.38+10.85 g) were prepared from the Pasteur
Institute of Iran. After transferring to an animal labora-
tory environment and a week of familiarity with the new
environment, the animals were weighed with a digital
scale (Rat grimace scale) with an accuracy of 0.0001 g
and then randomly divided into two groups of normal
diet (n=20) and high-fat diet (n=20) (1* phase). In the 2*¢
phase, the subjects of the high-fat diet group were fed a
high-fat diet for four weeks. Then, after four weeks, the
subjects in each group were randomly divided into the
following two groups (n=10) (3" phase).

The normal diet group was divided into two groups
(n=10 per group): 1) normal diet and 2) normal
diet+resistance training. The high-fat diet group was di-
vided into two groups (n=10 per group): 1) high-fat diet
and 2) high-fat diet+resistance training. The groups were
homogenized based on the mean weight. The rats in the
resistance training groups then performed their training
protocol for 8 weeks. Normal and high-fat diet groups
did not participate in any exercise program during this
period (the 4" phase). Also, five rats lost their lives dur-
ing the investigation for unknown reasons (two rats in
the high-fat diet group and one rat in the other groups),
and finally, 35 rats remained alive.

To keep and feed the subjects

After transferring the subjects to the laboratory envi-
ronment, they (in groups of 5) were kept in transparent
polycarbonate cages at 20°C-24°C, a humidity of 45%
to 55%, over a 12:12 hours light: dark cycle. During the
study period, the group with a normal diet of standard
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mouse food and the group with a high-fat diet, accord-
ing to the research of Srinivasan et al., were fed high-fat
food (58% of calories in the form of fat) as pellets. A
high-fat diet is a combination of normal rat meal (365 g/
kg), pork fat (sheep fat used as a substitute in this study
(310 g/kg), casein (250 g/kg), cholesterol (10 g/kg),
mixed vitamins and minerals (60 g/kg), DL-methionine
(3 g/kg), yeast powder (1 g/kg) and sodium chloride (1
g/kg) [25]. Subjects in the high-fat group and the high-
fat diet grouptresistance training began to eat a high-fat
diet four weeks before the start of the training protocol.
At the same time as the training protocol, all animals had
free access to water and food.

Resistance training protocol

Resistance training consisted of five sessions of climb-
ing a 1-m ladder with 46 steps per week for 8 weeks.
In this training method, after attaching the weight to the
rat’s tail, the rat was encouraged to climb a vertical lad-
der (90 degrees). A weight was attached by a narrow
rope with tape to the end of the mouse tail (2 to 3 cm
below the beginning of the tail) and was considered an
overload. The weights included lead bags that were ad-
justable according to the target weight. After one week
of familiarity with climbing ladders, in the 2™ week, a
weight as heavy as 30% of their body weight was at-
tached to the rat’s tail, which gradually reached about
180% of their body weight [26]. The exercises were per-
formed in 5 sets of 4 repetitions with 3 minutes of rest
between sets and about 10 seconds of rest between rep-
etitions (Table 1). Before starting each exercise program,
they did two sets of five repetitions to warm up without
weights. In the end, they did a 5-repetition set without
weights to cool down [26, 27].

Method of anesthetizing subjects, collecting, and
preserving tissue

Subjects in each group were anesthetized 48 hours
after the last exercise training session with a peritoneal
injection of a combination of ketamine (70 mg/kg), and
xylazine (3-5 mg/kg) were killed. A sampling of mes-
enteric (visceral) adipose tissue was performed immedi-
ately after killing the animal, and then 1 g of the tissue
was fixed in a 10% formalin buffer (German Merck).
The stabilized tissue was then dehydrated during various
stages, placed in paraffin molds (Majal Company, Iran),
and frozen in a nitrogen capsule at -80°C.



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1

Winter 2022. Volume 3. Number 1

Journal of Vessels and Circulation
Qom University of iViedicai Sciences

Table 1. Resistance training protocol on a 1-m ladder (Rest between sets=3 minutes)

Week 15! znd 3I’d 4lh 5th 6th 7th 7th
Intensity (percentage of body weight) Getting to know 30 70-80 100 120 140 160 180
Setxrepetition 5x4 S5x4 5x4 S5x4 5x4 5x4 5x4

Preparation of tissue extract and measurement of
dependent variables

Frozen tissues were placed in a refrigerator full of lig-
uid nitrogen and pounded when floating in the liquid.
Before the resulting powder lost its state, 100 mg was
rapidly put in a microtube, and 1 mL of saline phosphate
buffer was added. Then it was placed on the shaker (IKA
MS 3D digital model made in the USA) for 1 minute.
According to the kits’ instructions for 20 minutes with
a rotation speed of 3000 rpm, a centrifuge with a solu-
tion of 15000 rpm was obtained with the help of a model
centrifuge (FEF 1401). The centrifuge extract was re-
frozen and refrigerated to measure the research vari-
ables. VEGF measurement was done using the ELISA
method and Kosa Bio Biotechnology Company kit for
mouse samples according to the manufacturer’s instruc-
tions (CUSABIO, China). The sensitivity of the method
and the dispersion coefficient was measured as 0.033 ng/
ml and 8%, respectively (sensitivity=0.033 ng/mL and

assay— 0 /0)- ELISA steps were performed to measure
the dependent variable as follows. 1%, the standard solu-
tion was diluted based on the kit brochure. Then, 40 Lan-
da from the tissue sample were combined with 10 Landa
antibodies and, after half an hour, were washed with an
automatic washer and kept at 37°C. Substrate mixtures
A and B were added in equal proportions and incubated
at 37°C without light. In the next step, 50 Landa were
added from the stop solution. Then, with the help of an
ELISA device, VEGF was determined according to the
color change ratio created and in proportion to the gener-
ated wavelength reading.

To remove RNA from sir samplers

All Sir Samples and microtubules used to extract mi-
croRNAs were placed overnight in DEPC solution at a
concentration of one-tenth of a percent and then dried us-
ing an oven at 45°C; then samplers and microtubes were
autoclaved twice regularly.

Extraction of microRNAs

To extract microRNA, we used the RNA extrac-
tion kit (Rena Biotechnology Company), access code
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(RB1001), and according to the manufacturer’s instruc-
tions. Also, RT steam-loop housekeeping method was
used to evaluate microRNA levels. 1%, we mixed 50
mg of the tissue with 1 mL of bufferrazole to obtain a
homogeneous solution and then transferred the mixture
to a 2-mL microtube. The mixing solution was placed
at a constant ambient temperature for 5 minutes. Then,
200 pL of chloroform was added to the set, shaken vig-
orously for 10-15 second, and left in the medium for 5
minutes. The tube containing the mix was centrifuged at
8000 rpm for 5 minutes. At the end of this phase, the two
phases were visible. The clear supernatant containing the
RNA was removed and transferred to another tube; 1000
pL of 100% cold ethanol was added and then placed at
-20°C for 8 minutes. Finally, the tube was removed from
the freezer and centrifuged. Similar to the previous step,
the liquid inside the tube was discarded after centrifuga-
tion. At this stage, sometimes but not usually, colorless
or whitish spots were observed on the body and bottom
of the tube. The centrifuge was repeated by adding 80%
ethanol for washing, and after removing the ethanol and
drying the contents inside the tube (the air-dry method
was used at this stage), 50 to 20 uL of double distilled
water was added depending on the amount of precipitate
and dissolved in the tube with an RNA pipette.

Next, 5 pL of the mixture was analyzed qualitatively
using electrophoresis on 1% agarose gel to be used in
cDNA synthesis after confirmation. For DNA replica-
tion, DNA strands were removed from the extracted
RNA product using DNase I. For this purpose, after
adding the DNase enzyme, the reaction mixture was in-
cubated at 37°C for 30 minutes. To confirm the RNA
quality, the decomposed DNA sample was analyzed on
1% agarose gel.

miRNA synthesis

According to Table 2, cDNA synthesis was performed
using an RNA biotechnology cDNA synthesis kit. All
materials were provided by Rena Biotechnologists Com-
pany. After completing the process and obtaining the
threshold cycles (ct), the expression of the desired vari-
ables was measured using mathematical calculations.
ACt of each sample was calculated using an internal
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Table 2. The sequence of microRNAs primers examined
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Primer Name Primer Sequence From MiRBase Database
MiR-329 GAGGUUUUCUGGGUUUCUGUUUC
MiR-221 UAGCAGCACGUAAAUAUUGGCG
MiR-222 UAGCAGCACAUAAUGGUUUGUG

MiR-139-5p UCUACAGUGCACGUGUCUCCAGU

control (miR-139-5p) and miRNA (subtracting Cts from
internal control). Then, the corresponding AACt for each
sample was calculated by subtracting the ACt of that
sample from the mean ACt of the control group. Finally,
a mathematical relation was used to report changes in the
quantitative expression of variables (Table 2).

Statistical method

Descriptive statistics indices (Mean+SD) were used to
describe the variables. Regarding the inferential statis-
tics section, the Shapiro-Wilk test was used to assess the
normality of the data in the study groups. After proving
the normality of the data, the independent t-test, One-
way, and Two-way ANOVA were used to determine the
differences between dependent variables in the research
groups, and the Scheffe post hoc test was used to com-
pare the two groups. The significance level of P<0.05
was considered for all statistical tests. All calculations
were performed in SPSS Software version 26.

3. Results

The study results did not show a significant differ-
ence between the initial average weight of the normal
diet groups and the high-fat diet (t=0.75, P=0.45). While
after 12 weeks, a significant difference in the subject’s

Table 3. Distribution of body weight (g) in different groups
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body weight was observed after the diet intervention
in the group of a normal diet and high-fat diet (t=4.40,
P=0.001). Table 3 presents the Mean+SD of the rat’s body
weight in each group in the initial weight stage, weight
after 4 weeks, and weight after 12 weeks.

Table 4 presents the statistical indicators related to the
research variables. To investigate the interactive effect
of resistance training and high-fat diet on the research
variables, a Two-way ANOVA was performed. The re-
sults showed that the interaction effect of exercise and
diet on miR-222 was significant (P=0.045, F=4.374).
This means that resistance training and diet significantly
increased miR-222. The calculated effect size equals
0.12, and the test power to detect this difference was
0.52. However, the interaction of exercise and nutrition
on miR-221 (P=0.061, F=3.785), miR-329 (P=0.334,
F=1.123), and VEGF (P=0.249, F=1.379) is not signifi-
cant (Table 5).

Also, the main effect of training on miR-221 (P=0.001,
F=107.79), miR-222 (P=0.001, F=136.96), and VEGF
(P=0.001, F=61.99) is significant. There is a significant
difference between the exercise groups, but it is not sig-
nificant on miR-329 (P=0.103, F=2.820). The study of
the main effect of nutrition showed that the main effect
of nutrition on VEGF (P=0.008, F=8.159) is significant.

Mean1SD
LT A Initial Weight Weight After 4 Weight After 12
g Weeks Weeks
Normal diet+Resistance training 9 191.69+11.47 253.24+11.22 322.79+12.95
Normal diet
Normal diet 9 189.10+7.64 247.42+9.55 352.27+11.63
High-fat diet+Resistance training 9 192.63+15.53 267.6419.02 348.659.42
High-fat diet
High-fat diet 8 193.9249.60 270.88+9.42 409.35+10.36

Journal of Vessels and Circulation
Qom University of Medical Sciences



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1

Winter 2022. Volume 3. Number 1

Journal of Vessels and Circulation
Qom University of iViedicai Sciences

Table 4. Statistical indicators related to miR-222, miR-221, VEGF, miR-329

MeantSD
Group
miR-221 miR-222 miR329 VEGF

Normal diet+Resistance training 1.99340.62 3.477+0.95 0.353+0.08 3.079+0.88

Normal diet
Normal diet 0.218+0.09 0.194+0.11 0.537+0.39 0.889+0.50
High-fat diet+Resistance training 2.095+0.42 3.228+0.89 0.58210.24 2.103+0.93

High-Fat diet
High-fat diet 0.880+0.36 0.940+0.46 0.781+0.49 0.482+0.28

Journal of Vessels and Circulation
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Abbreviation: VEGF: Vascular endothelial growth factor.

There was a significant difference between normal and
high-fat diet groups, but on miR-221 (P=0.12, F=2.041),
miR-222 (P=0.304, F=1.091), and miR-329 (P=0.056,
F=4.226) is not significant (Table 5).

difference between the normal diet+resistance training
group and the high-fat diet in miR-221 (P=0.013), miR-
222 (P=0.001), and VEGF (P=0.001). Due to the differ-
ence between the means of the groups, miR-221, miR-
222, and VEGF levels in the high-fat food group are less

To compare 2 by 2, four groups with each other, the  than the normal diet-+resistance training group.

Scheffe post hoc test was used; the results of the post
hoc test showed a significant difference between the
normal food+resistance training group with the normal
food group regarding miR-221 (P=0.001), miR-222
(P=0.001), and VEGF (P=0.001). Due to the differences
in means, resistance training has significantly increased
miR-221, miR-222, and VEGF levels in the normal food
groupresistance training. There was also a significant

In addition, a significant difference was observed between
the high-fat group-resistance training food and the normal
diet group in miR-221 (P=0.001) and miR-222 (P=0.001).
According to the difference between the means, resistance
training has significantly increased miR-221 and miR-222
levels in the high-fat diet+resistance training group. Also,
a significant difference was observed between the high-fat

Table 5. Results of Two-way analysis of variance to investigate the effect of exercise and nutrition interventions on study

variables

Variables Source Sum of Squares df Mean of Squares F Sig. Eta Observed Power

Diet 1.274 1 1.274 2.041 0.120 0.085 0.329

miR-221 Training 19.512 1 19.512 107.799  0.000™" 0.777 1.000

Dietxtraining 0.685 1 0.685 3.785 0.061 0.109 0.470

Diet 0.540 1 0.540 1.091 0.304 0.034 0.173

miR-222 Training 67.728 1 67.728 136.962  0.000"" 0.815 1.000

Dietxtraining 2.163 1 2.163 4.374 0.045° 0.124 0.527

Diet 0.489 1 0.489 4.226 0.056 0.122 0.522

miR-329 Training 0.319 1 0.319 2.820 0.103 0.083 0.370

Dietxtraining 0.268 1 0.134 1.123 0.334 0.047 0.236

Diet 4171 1 4.171 8.159 0.008™ 0.208 0.790

VEGF Training 31.693 1 31.693 61.994 0.000"" 0.667 1.000

Dietxtraining 0.705 1 0.705 1.379 0.249 0.043 0.207

"P<0.05. "P<0.01. "P<0.001.

Journal of Vessels and Circulation
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diet+resistance training group and the high-fat diet group
in miR-221 (P=0.004), miR-222 (P=0.001), and VEGF
(P=0.007) levels. Due to the difference between the means
of the groups, miR-221, miR-222, and VEGF levels in the
high-fat diet group are less than the high-fat diet+resistance
training group.

4. Discussion

The current study aimed to investigate the effect of 8
weeks of resistance training on the expression of miR-
NAs associated with adipose tissue angiogenesis in rats
with a high-fat diet. The results showed that the interac-
tion effect of exercise and a high-fat diet on miR-222
was significant, meaning that 8 weeks of resistance train-
ing and a high-fat diet caused a significant increase in
miR-222 level compared to the control group. The study
of the main effects of the variables showed that 8 weeks
of a high-fat diet caused a significant decrease in VEGF
level compared to the normal diet group. In addition, the
study of the main effect of training showed that the effect
of resistance training on miR-221, miR-222, and VEGF
was significant, meaning that 8 weeks of resistance
training increased these variables compared to the non-
training group. However, the effect of resistance training
on miR-329 was not significant and did not change this
variable. The results of this study are consistent with the
results of Schmitz et al. (2018), who examined longer
work/rest intervals during high-intensity interval train-
ing (HIIT) at miR-222 levels [28]. Their results showed
that HIIT training could increase the circulating levels
of miR-222 related to heart growth. MiR-222 could be a
useful marker for monitoring the overall HIIT response
and identifying optimal work/rest combinations [28].
This finding is also consistent with observations from
animal studies by Liu et al. (2015) on increased miR-
222 levels in rats that performed aerobic exercise. Thus,
ECs and cardiomyocytes appear to be the main source
of increased miR-222 levels during HIIT, while natural
killer cells may also play a role in this event [29].

The results also showed that resistance training increased
VEGF in the training group compared to the control group,
which is consistent with the results of Fernandes et al. (2018)
and Disanzo et al. (2014) studies. They stated that acrobic
exercise increases the expression of the VEGF-A gene in
adipose tissue and is suggested as an important angiogenic
factor and mechanism for potential therapeutic applications
in vascular diseases [13, 30]. Therefore, it seems that the
increase in VEGF levels due to exercise is an important fac-
tor in the development of angiogenesis in adipose tissue,
which is an important factor and an advantage in athletes
over non-athletes. Angiogenesis factors in adipose tissue

Winter 2022. Volume 3. Number 1

are caused by hypoxia, which occurs due to increased fat
mass. Stimulation of VEGF causes the growth, migration,
and survival of endothelial cells, resulting in further expan-
sion of the vascular network and growth of fat mass [10].

On the other hand, the results showed that resistance
training increased miR-221 compared to the control
group, which is contrary to the results of research by
Lee et al. (2018). They investigated the dynamic regu-
lation of circulating miRNAs during acute exercise
and long-term training in basketball athletes [31]. This
study showed for the 1% time that miR-146a, miR-21,
miR-221, and miR-210 are reduced in response to acute
exercise in basketball athletes. Reasons for this differ-
ence in results include differences in exercise protocol,
different miRNAs in the blood and tissues of the body,
as well as differences in subjects. Changes in miR-
221 were significantly associated with peak workload
and creatine kinase (after three months of basketball
matches). These findings provide the basis for defining
miRNAs as biomarkers and their physiological role in
cardiovascular adaptation resulting from long-term ex-
ercise. By targeting multiple transcripts, miR-221 regu-
lates multiple aspects of the cellular response to hypoxia,
such as inhibition of apoptosis [32, 33], changes from
mitochondrial respiration to glycolysis [34], and induc-
es angiogenesis [32, 35]. Thus, a decrease in miR-221
may reflect an initial cellular response to hypoxia after
acute exercises, such as an increase in cellular apopto-
sis and mitochondrial metabolism. In addition, the in-
flammatory response is another process associated with
exercise, especially acute high-intensity exercise. Also,
miR-21 [36], miR-221 [37], and miR-146a [38, 39] have
been identified as critical dampers in the inflammatory
response. It can be argued that the decrease in miR-21,
miR-221, and miR-146a levels may reflect the initial in-
flammatory process that occurs after acute exercise [40].
In addition, the study results are contrary to the results of
Akbarpour et al. (2020). They investigated the effect of
8 weeks of resistance training on some miRNAs associ-
ated with cell death in women with breast cancer. The
results showed that 8 weeks of resistance training caused
a significant increase in miR-329, miR-15, and miR-16
levels in women with breast cancer. As a result, 8 weeks
of resistance training increases some of the microRNAs
associated with cell death in women with breast can-
cer, which can increase cell death and decrease cancer
mass in women with breast cancer [41]. Also, miR-329
negatively regulates angiogenesis by directly targeting
the CD146 gene in the angiogenesis process. Besides,
miR-329 expression is decreased by VEGF and TNF-a,
leading to positive regulation of CD146 and increased
angiogenesis [24].



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1

Winter 2022. Volume 3. Number 1

There is ample evidence that miR-221, and miR-222
have the same genes, targets, and similar biological
functions in physiological angiogenesis [21, 22]. How-
ever, an interesting study showed that these two miR-
NAs have different activities in mediating angiogenesis.
Also, miR-222 (but not miR-221) inhibits mediated vas-
cular growth (including cell proliferation and migration,
transducer and transcription activator bound to 30UTR
expression, and cyclin D1 in ECs) [23]. Thus, the role
of miR-222 or its targets is cell-dependent. It is also pos-
sible that the specific biological activity of miRNAs of
miR-221 and miR-222 depends on the specific sequence
differences downstream of the general grain, particularly
nucleotides 13-16, in the two miRNAs [21]. Meanwhile,
miR-221 and miR-222 have many mRNA targets re-
sponsible for miRNA-mediated angiogenesis. There-
fore, more studies are needed on other unknown gene
targets to fully understand their molecular mechanisms.
In addition, miR-126 reduces endostar and regulates
miR-221, thereby suppressing angiogenesis in human
central venous endothelial cells. Endostar can inhibit
the formation of new blood vessels in fat and normal-
ize blood vessels in adipose tissue, which is also called
the injection of recombinant human endostatin [16]. In
a word, miR-221 and miR-222, with different biologi-
cal activities, are completely involved in angiogenesis.
These new findings could have far-reaching implications
for treating various angiogenesis-related diseases. It is
promising that other analyses of the miR-221 and miR-
222 genes will offer a deeper insight into the complex
miRNA network in future research. Further development
of therapeutic innovations using miRNA may become an
option for treating angiogenesis-related diseases such as
cardiovascular disease or incurable cancers.

5. Conclusion

In general, the study results showed that resistance
training by increasing miR-221, miR-222, and decreas-
ing miR-329 leads to activating pathways that increase
VEGF protein and ultimately increase angiogenesis in
rats with a high-fat and normal diet. Therefore, these
exercises can be appropriate and effective strategies for
modulating the body’s metabolic status. However, due
to the novelty of the subject and our research on an ani-
mal model, we suggest that more research be done on the
effect of exercise and especially resistance training on
miRNAs related to angiogenesis and anti-angiogenesis
of human adipose tissue to gain more accurate results
and a full understanding of their molecular mechanisms.

Journal of Vessels and Circulation
Qom University of iViedicai Sciences

Ethical Considerations
Compliance with ethical guidelines

Ethical principles of research in accordance with the
principles of working with laboratory animals were
approved by the Ethics Committee in Biomedical Re-
search of University of Qom. (Ethical Code: IR.QOM.
REC.1399.002).

Funding

This study was financially supported by the University
of Qom.

Authors' contributions

All authors equally contributed to preparing this article.
Conflict of interest

The authors declared no conflict of interest.
Acknowledgments

We thank all the colleagues who helped us carry out
this research.

References

[1] Brixius K, Schoenberger S, Ladage D, Knigge H, Falkowski
G, Hellmich M, et al. Long-term endurance exercise decreases
antiangiogenic endostatin signalling in overweight men aged
50-60 years. Br ] Sports Med. 2008; 42(2):126-9. [DOI:10.1136/
bjsm.2007.035188] [PMID]

[2] Teng A, Blakely T, Atkinson J, Kalediene R, Leinsalu M, Mar-
tikainen PT, et al. Changing social inequalities in smoking,
obesity and cause-specific mortality: Cross-national compari-
sons using compass typology. Plos One. 2020; 15(7):e0232971.
[DOI:10.1371/journal.pone.0232971] [PMID] [PMCID]

[3] Gasparotto AS, Borges DO, Sassi MG, Milani A, Rech DL,
Terres M, et al. Differential expression of miRNAs related to
angiogenesis and adipogenesis in subcutaneous fat of obese
and nonobese women. Mol Biol Rep. 2019; 46(1):965-73.
[DOI:10.1007 /s11033-018-4553-5] [PMID]

[4] Abedpoor N, Taghian F, Hajibabaie F. Physical activ-
ity ameliorates the function of organs via adipose tissue in
metabolic diseases. Acta Histochem. 2022; 124(2):151844.
[DOI:10.1016/j.acthis.2022.151844] [PMID]

[5] Deng Y, Scherer PE. Adipokines as novel biomarkers and
regulators of the metabolic syndrome. Ann N Y Acad Sci.
2010; 1212:E1-19.
[PMID] [PMCID]

[DOI:10.1111/].1749-6632.2010.05875.x]



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://www.qom.ac.ir/Pages/default.aspx
https://www.qom.ac.ir/Pages/default.aspx
https://www.qom.ac.ir/Pages/default.aspx
https://doi.org/10.1136/bjsm.2007.035188
https://doi.org/10.1136/bjsm.2007.035188
https://www.ncbi.nlm.nih.gov/pubmed/17646243
https://doi.org/10.1371/journal.pone.0232971
https://www.ncbi.nlm.nih.gov/pubmed/32649731
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7351173
https://doi.org/10.1007/s11033-018-4553-5
https://www.ncbi.nlm.nih.gov/pubmed/30565074
https://doi.org/10.1016/j.acthis.2022.151844
https://www.ncbi.nlm.nih.gov/pubmed/35045377
https://doi.org/10.1111/j.1749-6632.2010.05875.x
https://www.ncbi.nlm.nih.gov/pubmed/21276002
http://[
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3075414

Journal of Vessels and Circulation
Qom University of Medical Sciences

[6] Faber D, De Groot PG, Visseren F. Role of adipose tissue in
haemostasis, coagulation and fibrinolysis. Obes Rev. 2009;
10(5):554-63. [DOI:10.1111/j.1467-789X.2009.00593.x] [PMID]

[7] Conway EM, Collen D, Carmeliet P. Molecular mechanisms
of blood vessel growth. Cardiovasc Res. 2001; 49(3):507-21.
[DOI:10.1016/50008-6363(00)00281-9] [PMID]

[8] Karamysheva A. Mechanisms of angiogenesis. Biochemistry.
2008; 73(7):751-62. [DOI:10.1134,/50006297908070031] [PMID]

[9] Brakenhielm E, Cao Y. Angiogenesis in adipose tissue. In:
Yang K, editor. Adipose tissue protocols. Totowa: Humana
Press; 2008. [DOI:10.1007/978-1-59745-245-8_5]

[10] Lijnen HR. Angiogenesis and obesity. Cardiovasc Res.
2008; 78(2):286-93. [DOI:10.1093/ cvr/cvm007] [PMID]

[11] Gealekman O, Guseva N, Hartigan C, Apotheker S, Gor-
goglione M, Gurav K, et al. Depot-specific differences and
insufficient subcutaneous adipose tissue angiogenesis in hu-
man obesity. Circulation. 2011; 123(2):186-94. [DOI:10.1161/
CIRCULATIONAHA.110.970145] [PMID] [PMCID]

[12] Sun K, Asterholm IW, Kusminski CM, Bueno AC, Wang ZV,
Pollard JW, et al. Dichotomous effects of VEGF-A on adipose
tissue dysfunction. Proc Natl Acad Sci USA. 2012; 109(15):5874-
9. [DOI:10.1073/ pnas.1200447109] [PMID] [PMCID]

[13] Disanzo BL, You T. Effects of exercise training on indica-
tors of adipose tissue angiogenesis and hypoxia in obese
rats. Metabolism. 2014; 63(4):452-5. [DOI:10.1016/j.me-
tabol.2013.12.004] [PMID]

[14] Molla Hf, Bizheh N, Moazami M, Nourshahi M. [The ef-
fects of eight weeks aerobic training on angiogenes factor and
body composition in overweight women (Persian)]. Physiol
Sport Phys Act. 2016; 9(2):1365-74. [Link]

[15] Van Pelt DW, Guth LM, Horowitz JF. Aerobic exercise el-
evates markers of angiogenesis and macrophage IL-6 gene
expression in the subcutaneous adipose tissue of overweight-
to-obese adults. ] Appl Physiol (1985). 2017; 123(5):1150-9.
[DOI:10.1152/japplphysiol.00614.2017] [PMID] [PMCID]

[16] Sun LL, Li WD, Lei FR, Li XQ. The regulatory role of micro
RNA s in angiogenesis-related diseases. ] Cell Mol Med. 2018;
22(10):4568-87. [DOI:10.1111/jemm.13700] [PMID] [PMCID]

[17] Thamotharan S, Chu A, Kempf K, Janzen C, Grogan T,
Elashoff DA, et al. Differential microRNA expression in hu-
man placentas of term intra-uterine growth restriction that
regulates target genes mediating angiogenesis and amino
acid transport. Plos One. 2017; 12(5):e0176493. [DOI:10.1371/
journal.pone.0176493] [PMID] [PMCID]

[18] Lucas T, Schéfer F, Miiller P, Eming SA, Heckel A, Dim-
meler S. Light-inducible antimiR-92a as a therapeutic strategy
to promote skin repair in healing-impaired diabetic mice.
Nat Commun. 2017; 8:15162. [DOI:10.1038/ncomms15162]
[PMID] [PMCID]

[19] Suérez Y, Fernandez-Hernando C, Pober JS, Sessa WC. Dic-
er dependent microRNAs regulate gene expression and func-
tions in human endothelial cells. Circ Res. 2007; 100(8):1164-
73. [DOI:10.1161/01.RES.0000265065.26744.17] [PMID]

[20] Chen H, Li L, Wang S, Lei Y, Ge Q, Lv N, et al. Reduced
miR-126 expression facilitates angiogenesis of gastric can-
cer through its regulation on VEGF-A. Oncotarget. 2014;
5(23):11873. [DOI:10.18632/ oncotarget.2662] [PMID] [PMCID]

Winter 2022. Volume 3. Number 1

[21] Celic T, Metzinger-Le Meuth V, Six I, Massy ZA, Metzinger
L. The mir-221/222 cluster is a key player in vascular biology
via the fine-tuning of endothelial cell physiology. Curr Vasc
Pharmacol. 2017; 15(1):40-6. [DOI:10.2174/1570161114666160
914175149] [PMID]

[22] Urbich C, Kuehbacher A, Dimmeler S. Role of microR-
NAs in vascular diseases, inflammation, and angiogenesis.
Cardiovasc Res. 2008; 79(4):581-8. [DOIL:10.1093/ cvr/cvn156]
[PMID]

[23] Dentelli P, Rosso A, Orso F, Olgasi C, Taverna D, Brizzi
MF. microRNA-222 controls neovascularization by regulat-
ing signal transducer and activator of transcription 5A ex-
pression. Arterioscler Thromb Vasc Biol. 2010; 30(8):1562-8.
[DOI:10.1161/ ATVBAHA.110.206201] [PMID]

[24] Wang P, Luo Y, Duan H, Xing S, Zhang ], Lu D, et al. Mi-
croRNA 329 suppresses angiogenesis by targeting CD146.
Mol Cell Biol. 2013; 33(18):3689-99. [DOI:10.1128 / MCB.00343-
13] [PMID] [PMCID]

[25] Fathi R, Ebrahimi M, Khenar Sanami S. [Effects of high fat
diet and high intensity aerobic training on interleukin 6 plasma
levels in rats (Persian)]. Pathobiol Res. 2015; 18(3):109-16. [Link]

[26] Khadivi Borujeny A, Marandi M, Haghjooy Javanmard S,
Rajabi H, Khadivi Borujeny Z, Khorshidi Behzadi M. [Effect
of eight weeks of resistance training on some signaling fac-
tors affecting on the satellite cells in Wistar rats (Persian)]. J
Isfahan Med Sch. 2012; 30(207):1500-11. [Link]

[27] Banitalebi E, Gharakhanlou R, Ghatreh Samani K, Amoli
M, Teimori H. [The effect of resistance training on plasma
and skeletal muscles sphingosine-1-phosphate levels of
male Wistar rat (Persian)]. ] Shahrekord Univ Med Sci. 2012;
14(1):1-10. [Link]

[28] Schmitz B, Rolfes F, Schelleckes K, Mewes M, Thorwesten
L, Kriiger M, et al. Longer work/rest intervals during high-in-
tensity interval training (HIIT) lead to elevated levels of miR-
222 and miR-29¢c. Front Physiol. 2018; 9:395. [DOI:10.3389/
fphys.2018.00395] [PMID] [PMCID]

[29] Liu X, Xiao J, Zhu H, Wei X, Platt C, Damilano F, et al.
miR-222 is necessary for exercise-induced cardiac growth and
protects against pathological cardiac remodeling. Cell Metab.
2015; 21(4):584-95. [DOI:10.1016/j.cmet.2015.02.014] [PMID]
[PMCID]

[30] Fernandes T, Casaes L, Soci U, Silveira A, Gomes J, Barretti
D, et al. Exercise training restores the cardiac microRNA-16
levels preventing microvascular rarefaction in obese Zucker
rats. Obes Facts. 2018; 11(1):15-24. [DOI:10.1159/000454835]
[PMID] [PMCID]

[31]Li Y, Yao M, Zhou Q, Cheng Y, Che L, Xu ]J. Dynamic
regulation of circulating microRNAs during acute exercise
and long-term exercise training in basketball athletes. Front
Physiol. 2018; 9:282. [DOI:10.3389/ fphys.2018.00282] [PMID]
[PMCID]

[32] Fasanaro P, D’'Alessandra Y, Di Stefano V, Melchionna
R, Romani S, Pompilio G, et al. MicroRNA-210 modulates
endothelial cell response to hypoxia and inhibits the recep-
tor tyrosine kinase ligand Ephrin-A3. J Biol Chem. 2008;
283(23):15878-83.
[PMCID]

[DOI:10.1074/jbc.M800731200]  [PMID]



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://doi.org/10.1111/j.1467-789X.2009.00593.x
https://www.ncbi.nlm.nih.gov/pubmed/19460118
https://doi.org/10.1016/S0008-6363(00)00281-9
https://www.ncbi.nlm.nih.gov/pubmed/11166264
https://doi.org/10.1134/S0006297908070031
https://www.ncbi.nlm.nih.gov/pubmed/18707583
https://doi.org/10.1007/978-1-59745-245-8_5
https://doi.org/10.1093/cvr/cvm007
https://www.ncbi.nlm.nih.gov/pubmed/18006485
https://doi.org/10.1161/CIRCULATIONAHA.110.970145
https://doi.org/10.1161/CIRCULATIONAHA.110.970145
https://www.ncbi.nlm.nih.gov/pubmed/21200001
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3334340
https://doi.org/10.1073/pnas.1200447109
https://www.ncbi.nlm.nih.gov/pubmed/22451920
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3326476
https://doi.org/10.1016/j.metabol.2013.12.004
https://doi.org/10.1016/j.metabol.2013.12.004
https://www.ncbi.nlm.nih.gov/pubmed/24412283
https://www.sid.ir/paper/264952/fa
https://doi.org/10.1152/japplphysiol.00614.2017
https://www.ncbi.nlm.nih.gov/pubmed/28798202
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5792100
https://doi.org/10.1111/jcmm.13700
https://www.ncbi.nlm.nih.gov/pubmed/29956461
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6156236
https://doi.org/10.1371/journal.pone.0176493
https://doi.org/10.1371/journal.pone.0176493
https://www.ncbi.nlm.nih.gov/pubmed/28463968
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5413012
https://doi.org/10.1038/ncomms15162
https://www.ncbi.nlm.nih.gov/pubmed/28462946
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5418571
https://doi.org/10.1161/01.RES.0000265065.26744.17
https://www.ncbi.nlm.nih.gov/pubmed/17379831
https://doi.org/10.18632/oncotarget.2662
https://www.ncbi.nlm.nih.gov/pubmed/25428912
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4322979
https://doi.org/10.2174/1570161114666160914175149
https://doi.org/10.2174/1570161114666160914175149
https://www.ncbi.nlm.nih.gov/pubmed/27633456
https://doi.org/10.1093/cvr/cvn156
https://www.ncbi.nlm.nih.gov/pubmed/18550634
https://doi.org/10.1161/ATVBAHA.110.206201
https://www.ncbi.nlm.nih.gov/pubmed/20489169
https://doi.org/10.1128/MCB.00343-13
https://doi.org/10.1128/MCB.00343-13
https://www.ncbi.nlm.nih.gov/pubmed/23878390
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3753872
https://mjms.modares.ac.ir/article-30-146-en.html
http://jims.mui.ac.ir/index.php/jims/pages/view/article_13893.html?lang=en
https://www.sid.ir/paper/58361/fa
https://doi.org/10.3389/fphys.2018.00395
https://doi.org/10.3389/fphys.2018.00395
https://www.ncbi.nlm.nih.gov/pubmed/29719514
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5913345
https://doi.org/10.1016/j.cmet.2015.02.014
https://www.ncbi.nlm.nih.gov/pubmed/25863248
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393846
https://doi.org/10.1159/000454835
https://www.ncbi.nlm.nih.gov/pubmed/29402872
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5869535
https://doi.org/10.3389/fphys.2018.00282
https://www.ncbi.nlm.nih.gov/pubmed/29662456
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890107
https://doi.org/10.1074/jbc.M800731200
https://www.ncbi.nlm.nih.gov/pubmed/18417479
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3259646

Journal of vessels and Circutation
Qom university ot Iviedical Sciences

[33] Zaccagnini G, Maimone B, Di Stefano V, Fasanaro P, Greco
S, Perfetti A, et al. Hypoxia-induced miR-210 modulates tis-
sue response to acute peripheral ischemia. Antioxid Redox
Signal. 2014; 21(8):1177-88. [DOI:10.1089/ars.2013.5206]
[PMID] [PMCID]

[34] Chan SY, Zhang YY, Hemann C, Mahoney CE, Zweier
JL, Loscalzo J. MicroRNA-210 controls mitochondrial me-
tabolism during hypoxia by repressing the iron-sulfur cluster
assembly proteins ISCU1/2. Cell Metab. 2009; 10(4):273-84.
[DOI:10.1016/j.cmet.2009.08.015] [PMID] [PMCID]

[35] Alaiti MA, Ishikawa M, Masuda H, Simon DI, Jain MK,
Asahara T, et al. Up-regulation of miR-210 by vascular en-
dothelial growth factor in ex vivo expanded CD 34+ cells
enhances cell-mediated angiogenesis. ] Cell Mol Med. 2012;
16(10):2413-21. [DOI:10.1111/j.1582-4934.2012.01557.x]
[PMID] [PMCID]

[36] Sheedy FJ. Turning 21: Induction of miR-21 as a key switch
in the inflammatory response. Front Immunol. 2015; 6:19.
[DOI:10.3389/ fimmu.2015.00019] [PMID] [PMCID]

[37] Corsten MF, Heggermont W, Papageorgiou AP, Deckx S,
Tijsma A, Verhesen W, et al. The microRNA-221/-222 clus-
ter balances the antiviral and inflammatory response in viral
myocarditis. Eur Heart J. 2015; 36(42):2909-19. [DOI:10.1093/
eurheartj/ehv321] [PMID]

[38] Cheng HS, Sivachandran N, Lau A, Boudreau E, Zhao JL,
Baltimore D, et al. Micro RNA-146 represses endothelial acti-
vation by inhibiting pro-inflammatory pathways. EMBO Mol
Med. 2013; 5(7):1017-34. [DOI:10.1002/emmm.201202318]
[PMID] [PMCID]

[39] Yang L, Boldin MP, Yu Y, Liu CS, Ea C-K, Ramakrishnan
P, et al. miR-146a controls the resolution of T cell responses
in mice. ] Exp Med. 2012; 209(9):1655-70. [DOI:10.1084/
jem.20112218] [PMID] [PMCID]

[40] Cui S, Sun B, Yin X, Guo X, Chao D, Zhang C, et al. Time-
course responses of circulating microRNAs to three resistance
training protocols in healthy young men. Sci Rep. 2017; 7(1):1-
13. [DOI:10.1038/541598-017-02294-y] [PMID] [PMCID]

[41] Akbarpour M, Fathollahi Shoorabeh F, Moradpoorian M,
Hamidi M. [Investigation of some microRNAs related to cell
death to eight-week resistance training in women with breast
cancer (Persian)]. ] Fasa Univ Medi Sci. 2020; 10(1):2043-52.
[Link]



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://doi.org/10.1089/ars.2013.5206
https://www.ncbi.nlm.nih.gov/pubmed/23931770
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4142832
https://doi.org/10.1016/j.cmet.2009.08.015
https://www.ncbi.nlm.nih.gov/pubmed/19808020
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2759401
https://doi.org/10.1111/j.1582-4934.2012.01557.x
https://www.ncbi.nlm.nih.gov/pubmed/22360314
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3823435
https://doi.org/10.3389/fimmu.2015.00019
https://www.ncbi.nlm.nih.gov/pubmed/25688245
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4310327
https://doi.org/10.1093/eurheartj/ehv321
https://doi.org/10.1093/eurheartj/ehv321
https://www.ncbi.nlm.nih.gov/pubmed/26206211
https://doi.org/10.1002/emmm.201202318
https://www.ncbi.nlm.nih.gov/pubmed/23733368
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3721471
https://doi.org/10.1084/jem.20112218
https://doi.org/10.1084/jem.20112218
https://www.ncbi.nlm.nih.gov/pubmed/22891274
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3428948
https://doi.org/10.1038/s41598-017-02294-y
https://www.ncbi.nlm.nih.gov/pubmed/28526870
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5438360
http://jabs.fums.ac.ir/files/site1/user_files_ed8dee/fathollahi1984-A-10-1830-2-85f4db3.pdf

