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MicroRNA-421 improves
ischemia/reperfusion injury
via regulation toll-like
receptor 4 pathway
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Abstract

Objectives: The objective was to investigate the effects of microRNA-421 against myocardial

ischemia/reperfusion injury in C57BL/6 mice.

Methods: Male C57BL/6 mice (n¼ 27) were randomly divided into three groups: normal control

(NC) group (sham-treated); I/R model group, which underwent the I30min/R24h model (ischemia

for 30 minutes followed by reperfusion for 24 hours); and the miRNA group, which were injected

with miR-421. Pathology was assessed by hematoxylin and eosin staining and myocardial infarct

size was measured by triphenyltetrazolium chloride staining. The apoptosis rate was measured by

TUNEL assay, and relative expression of toll-like receptor-4 (TLR4), Janus kinase 2 (JAK2), and

signal transducer and activator of translation 3 (STAT3) was evaluated by immunohistochemistry.

Interleukin (IL)-6, tumor necrosis factor (TNF)-a, IL-10, and high mobility group protein B1

(HMGB1) serum concentrations were measured by ELISA.

Results: Compared with the NC group, in the model group, the myocardial infarction was large;

inflammatory cell infiltration was severe; apoptosis was enhanced; expression of TLR4, JAK2, and

STAT3 was increased; and serum concentrations of IL-6, TNF-a, IL-10, and HMGB1 were signif-

icantly increased. In the miRNA group, the ischemia/reperfusion injury was significantly improved.

Conclusions: Overexpression of miRNA-421 could reduce ischemia/reperfusion inflammatory

response, perhaps via inactivation of TLR4, JAK2, and STAT3.
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Introduction

Reperfusion therapy for myocardial infarc-
tion has advantages and disadvantages.
Early and effective recanalization of coronary
blood flow is the most effective method to
improve the prognosis of coronary heart dis-
ease, but reperfusion itself can also cause
myocardial injury. The mechanism of ische-
mia/reperfusion (I/R) injury is complex, and
inflammatory reaction is its characteristic
manifestation.1 Toll-like receptor 4 (TLR4)
is an important pathogen recognition signal
molecule, and its mediated inflammatory
response plays an important role in the myo-
cardial ischemia reperfusion injury (MIRI)
process.2 MicroRNAs (miRNAs) are endog-
enous, regulatory, small non-coding RNAs
that regulate cell differentiation, prolifera-
tion, and apoptosis by controlling the trans-
lation and expression of target genes.3–5

Based on results from previous studies,
miR-421 has an important role in cell apo-
ptosis.6–8 In those studies, different target
genes of miR-421 were identified. Analysis
using bioinformatics software (http://www.
targetscan.org/mamm_31/) indicated that
TLR4 was another target gene of miR-421.
We hypothesized that overexpression of miR-
421 might improve myocardial damage
induced by I/R via regulation of TLR4 in
an in vivo study.

Materials and methods

This animal experiment was approved by
the Laboratory Animal Ethics Committee
of the Affiliated Cardiovascular Hospital

of Qingdao University, and it conforms to
the principles of animal protection, animal
welfare and ethics, and the relevant provi-

sions of the National Laboratory Animal
Welfare ethics.

Reagents

Enhanced chemiluminescence reagent (ECL)
highly sensitive luminescent liquid was from

Beyotime Biotech Inc. (Jiangsu, China);
polyvinyl difluoride (PVDF) membrane
(0.45 mm) was purchased from GenScript
(Nanjing) Co. Ltd. (Nanjing, China); horse-
radish peroxidase (HRP)-labeled sheep
anti-rabbit, as the secondary antibody,
was purchased from GenScript (Nanjing)
Co. Ltd.; and non-fat milk powder was
from Oxoid (Basingstoke, UK).
Acrylamide and N,N-methylene-bis-acryl-

amide, glycine, and b-mercaptoethanol
were from Amresco/VWR International
(Radnor, PA, USA). Alkyl sodium sulfate,
persulfate amine, methyl ethylenediamine,
trihydroxymethyl aminomethane, bromophe-
nol blue, nitrocellulose membrane, and the
TUNEL kit were from Sigma (St. Louis,
MO, USA). The TLR4, JAK2, and STAT3
antibodies were purchased from Abcam
(Cambridge, UK), and miR-421 was pur-

chased from GenScript (Nanjing) Co. Ltd.

Animal grouping and model preparation

Twenty-seven male C57BL/6 mice (body
weight: 20 to 30 g) were purchased from
Qingdao University. The feeding conditions
were as follows: room temperature of 21 to
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25�C, 12-hour day/night cycle, with free

drinking and feeding. The mice were ran-

domly divided into three groups: mice in

the NC group underwent a sham operation

(n¼ 9); mice in the model group were

treated with I30min/R24h model (ischemia

for 30 minutes followed by reperfusion for

24 hours) operation (n¼ 9); and mice in the

miRNA group were injected with 10 mL/kg

miR-421 in the caudal vein and underwent

the same ischemia/reperfusion protocol

every day (n¼ 9). The I/R animal model

preparation steps were as follows:9 narcosis

was induced in mice using isoflurane; then,

a small incision (around 1.2 cm) was cut in

the left thoracic cavity, the tissue was peeled

back, and the heart gently extruded. A slip-

knot was made around the left anterior

descending artery using 6-0 silk. The heart

was then placed back in the chest using 4-0

silk and the skin sutured, leaving the 6-0

slipknot outside. After 30 minutes of ische-

mia, the slipknot was released to allow

recovery of coronary artery perfusion.

Mice in the miRNA group were injected

with 0.2 mL of miR-421 in the caudal vein

7 days before model preparation. Mice in

the other two groups were injected with

0.2 mL of 0.9% normal saline. All mice sur-

vived following the 24-hour reperfusion.

The pathological morphology and cardiac

function of mice were detected by hematox-

ylin and eosin (H&E) and triphenyltetrazo-

lium chloride (TTC) staining, respectively,

to verify the model.

H&E staining

After 24 hours of reperfusion, the myocardi-

al tissue of mice was collected and paraffin-

embedded sections were prepared and

stained with H&E. Pathological changes

were observed using an optical microscope

under 200� magnification.

Evans blue and TTC staining

After reperfusion for 24 hours, mice were
injected in the aorta with 1% Evans blue
and then the heart was removed and cut
into slices 1 mm thick. Cardiac slices were
incubated in TTC solution at 37�C for
15 minutes. The infarct area (IA), area at
risk (AAR), and left ventricle (LV) were
measured by Photoshop CS5 software
(Adobe Inc., San Jose, CA, USA).

TUNEL assay

The cardiac tissues were placed in 4% para-
formaldehyde to fix, and paraffin-embedded
sections were prepared according to the
instructions of the terminal deoxynucleotidyl
transferase mediated dUTP biotin nick-end
labeling (TUNEL) kit. Cardiac tissue slices
were observed under the microscope; the
nucleus and cytoplasm were dense and fluo-
rescence was positive. The cardiac tissues
were stained with PBS as negative control
in this experiment. At high magnification,
five visual fields were randomly selected
and the apoptotic cells in those fields were
counted.

Immunohistochemistry (IHC) assay

Protein expression of TLR4, JAK2, and
STAT3 in cardiac tissue slices (4mm) was
measured by horseradish peroxidase
method as described in the literature.10

Briefly, paraffin sections of tissue were
made, followed by dewaxing, hydration,
antigen repair, and incubation with 3%
H2O2 at room temperature for 10 minutes
to eliminate endogenous peroxidase activi-
ty. Then, sections were incubated at 37�C
for 15 minutes with the addition of sealing
solution, followed by discarding of the seal-
ing solution without washing. The primary
antibody (1:100) was added and incubated
at 4�C overnight. The section was removed
the next day, the corresponding biotin-
labeled second antibody was added, and
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the section incubated at 37�C for 15
minutes, followed by the dripping of horse-
radish peroxidase-labeled working solution
of Streptomyces ovalbumin and incubation
at 37�C for 10 to 15 minutes. After devel-
opment with DAB for 1 to 2 minutes,
the reaction was stopped by rinsing with
tap water, followed by washing with tap
water, and restaining with hematoxylin,
dehydration, and sealing with neutral
gum. All pathological sections were scored
by two experienced pathologists without
clinical pathological data. If the results
differed, they were assessed again until con-
sensus was reached. The intensity of immu-
nohistochemical staining was divided into
five grades (from 0 to 4), and the percentage
of specific pigmented cells (0% to 100%)
was assessed in five fields of view: 0 (no
expression, positive cell number <5%),

1 (low expression, positive cell number

between 5% and 25%), 2 (middle expres-

sion, positive cell number between 25%

and 50%), 3 (high expression, positive cell

number between 50% and 75%), and 4

(high expression, positive cell number is

�75%).

ELISA assay

After reperfusion for 24 hours, blood of the

carotid artery was collected before cardiac

tissues were harvested. Blood was left for

2 hours and then centrifuged at 2,500� g

for 10 min. The serum was used to measure

concentrations of interleukin (IL)-6, tumor

necrosis factor (TNF)-a, IL-10, and high

mobility group protein B1 (HMGB1) by

ELISA kit (Sigma, St. Louis, MO, USA).

Figure 1. Pathology of difference groups by hematoxylin and eosin staining (200� magnification).
NC, normal control mice (treated with sham operation); Model: ischemia/reperfusion (I/R) model group
mice; miRNA, mice injected with miR-421 and then subjected to the I/R procedure.
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Statistical analysis

The data of this study were analyzed using
IBM SPSS Statistics for Windows, version
19.0 (IBM Corp., Armonk, NY, USA), and
data are expressed as mean� standard devi-
ation (SD). Analysis of variance was used
to analyze differences between groups. The
t-test was used to analyze the variance
between groups, and one-way ANOVA
was used. A p-value< 0.05 indicated a sig-
nificant difference.

Results

Myocardial pathology

H&E staining of myocardial tissues from
mice in the NC group showed that the myo-
cardial stripes were clear, the arrangement
of myocardial fibers was regular, the nuclei
were normal, and no hyperemia, hemor-
rhage, or inflammatory reaction was
found in the interstitium. In mice of the
I/R model group, the myocardial cross

Figure 2. The effect of miR-421 on myocardial infarct sizes of ischemia/reperfusion (I/R) mice. (a) NC,
normal control mice (treated with sham operation). (b) Model, ischemia/reperfusion (I/R) model group mice.
(c) miRNA, mice injected with miR-421 based on model; AAR, area at risk; LV, left ventricle; IA, infarct area.
***p< 0.05, compared with NC group; #p< 0.05, compared with Model group.
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striation disappeared and the myocardial

cells were disordered and accompanied by

degeneration and necrosis. In the miRNA

group, the morphological structure of myo-

cardial tissue was intermediate between that

of the I/R model group and the NC group,

and the degree of degeneration and necrosis

of myocardial cells were alleviated

(Figure 1).

Myocardial infarct area

We observed no significant differences

among the three groups (NC, I/R model,

and miRNA) in AAR. However, the IA of

mice in the I/R model group was signifi-

cantly increased compared with that of the

NC group (p< 0.001), and the IA of the

miRNA group was significantly improved

(p< 0.05). compared with that of the I/R

model group. Data are shown in Figure 2.

Cell apoptosis rate

Compared with the NC group, the number

of cells positive for apoptosis in the I/R

model group was significantly increased

(p< 0.001); however, the apoptosis rate

in the miRNA group was significantly

decreased compared with that of the I/R

model group (p< 0.05). The relative data

are shown in Figure 3.

Relative protein expression

Compared with expression in the NC

group, the expression of TLR4, JAK2,

and STAT3 in the I/R model group was

significantly upregulated, as shown by

Figure 3. Apoptosis of cardiomyocytes in different groups by terminal deoxynucleotidyl transferase
mediated dUTP biotin nick-end labeling (TUNEL) assay (200� magnification). NC, normal control mice
(treated with sham operation); Model, ischemia/reperfusion (I/R) model group mice; miRNA, mice injected
with miR-421 based on model. ***p< 0.05, compared with NC group; #p< 0.05, compared with Model
group.
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immunohistochemistry (p< 0.001). However,

expression of these proteins in the miRNA

group (with miR-421 overexpression) was

significantly downregulated compared with

that in the I/R model group (p< 0.05, respec-

tively). The data are shown in Figures 4–6.

Concentrations of IL-6, TNF-a, IL-10, and
HMGB1

Compared with those in the NC group,

concentrations of IL-6, TNF-a, IL-10, and
HMGB1 were significantly increased in the

I/R model group (all p< 0.05); however, in

the miR-421 group, concentrations of IL-6

and TNF-a were significantly lower and

those of IL-10 and HMGB1 of were signif-

icantly higher than those of the I/R model

group (p< 0.05, respectively). The relative

data are shown in Figure 7.

Discussion

TLR4 is an important pathogen pattern

recognition signal molecule, and its mediat-

ed inflammatory response plays an impor-

tant role in the MIRI process.11 Defects in

TLR4 signal transduction can reduce

infarct size during ischemia reperfusion

and reduce inflammation associated with

myocardial injury, including neutrophil

aggregation, oxidative stress, and activation

Figure 4. Expression of TLR4 protein in different groups by immunohistochemistry (200� magnification).
NC, normal control mice (treated with sham operation); Model, ischemia/reperfusion (I/R) model group
mice; miRNA, mice injected with miR-421 based on model; TLR4, toll-like receptor 4. ***p< 0.05, com-
pared with NC group; #p< 0.05, compared with Model group.
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of complement deposition.12 In patients

with coronary heart disease after reperfu-

sion therapy, TLR4 overexpression in

peripheral blood monocytes and the

induced release of serum inflammatory fac-

tors aggravate myocardial injury.13 miRNA

is a highly conserved, non-coding, small

single-stranded RNA in eukaryotes that

can regulate gene expression and participate

in cell differentiation, proliferation, and

apoptosis. The expression of miRNA is spe-

cific. The results suggest that miRNA

expressed in the heart is involved in cardio-

vascular diseases.14–16 Based on bioinfor-

matics software, we found that miR-421

might target TLR4. In the current study,

we investigated the effects and mechanisms

of miR-421 in improving myocardial

damage induced by I/R.
We investigated the molecular mechanism

of miR-421 inhibiting and ameliorating the

I/R inflammatory response and apoptosis in

I/R model mice by injecting miR-421 into the

tail vein. Our results showed that myocardial

injury, myocarditis infiltration, and myocar-

dial infarction were observed in I/R model

mice; however, miR-421 treatment signifi-

cantly decreased the infiltration of myocardi-

tis and the degree of apoptosis of myocardial

cells. Overexpression of miR-421 could work

to ameliorate I/R injury by regulation of the

TLR4/JAK2/STAT3 pathways.
The JAK2/STAT3 signaling pathway is

involved in cell proliferation, differentiation,

Figure 5. Expression of JAK2 protein in different groups by immunohistochemistry (200� magnification).
NC, normal control mice (treated with sham operation); Model, ischemia/reperfusion (I/R) model group
mice; miRNA, mice injected with miR-421 based on model; JAK2, Janus kinase 2. ***p< 0.05, compared with
NC group; #p< 0.05, compared with Model group.
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apoptosis, inflammation and immune regu-

lation, and many other important biological

processes. Studies have shown that inhibi-

tion of JAK2/STAT3 activation protects

against fructose-induced hepatitis, and the

JAK2 signaling pathway associated with

TLR4 plays an important role in phagocy-

tosis of macrophages.17,18 The protective

effect of berberine on myocardial I/R

damage is related to JAK2/STAT3 signaling

pathway and endoplasmic reticulum stress.19

Cardioprotective preconditioning with remi-

fentanil also activates the JAK2/STAT3

pathway.20 In this study, by detecting the

expression level of JAK2/STAT3, we found

that expression of JAK2/STAT3 in the

miRNA group was reduced compared with

that in the I/R model group. Thus, the pro-

tective effect of miR-421 on I/R mice is

related to inactivation of the JAK2/STAT3

signaling pathway.
IL-6 and TNF-a are proinflammatory

factors, and IL-10 is an anti-inflammatory

factor. HMGB1 is a non-histone nuclear

protein widely distributed in eukaryotic

cells. It maintains nucleosome structure

and regulates gene transcription in cells.

After cell necrosis or when immune cells

are stimulated by pathogens, HMGB1 is

secreted to the extracellular region and

actively migrates to the target organ or

tissue site. As an important inflammatory

cytokine, it participates in the inflammatory

response of MIRI.21–23 Serum HMGB1

concentration is closely related to the sever-

ity of myocardial ischemia and the effect

of reperfusion therapy in patients with

coronary heart disease.24 Inhibition of

Figure 6. Expression of STAT3 protein in different groups by immunohistochemistry (200� magnification).
NC, normal control mice (treated with sham operation); Model, ischemia/reperfusion (I/R) model group
mice; miRNA, mice injected with miR-421 based on model; STAT3, signal transducer and activator of
transcription 3. ***p< 0.05, compared with NC group; #p< 0.05, compared with Model group.
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HMGB1 activity has protective effects

on animal models of infectious diseases

induced by infectious factors and noninfec-

tious injuries.25 Our results showed that the

expression of proinflammatory cytokines

IL-6 and TNF-a increased in I/R model

mice, while the serum anti-inflammatory

factors IL-10 and HMGB1 showed a com-

pensatory decrease. Thus, miR-421 can not

only inhibit the expression of proinflamma-

tory cytokines IL-6 and TNF-a, but

also upregulate the expression of anti-

inflammatory factors IL-10 and HMGB1,

suggesting that miR-421 may play a cardi-

oprotective role by inhibiting inflammation

via regulation of TLR4 expression.
In conclusion, miR-421 overexpression

had protective effects on myocardial ische-

mia/reperfusion injury in C57BL/6 mice,

including reducing infarct size, improving

cardiac function, inhibiting inflammatory

response, and regulating the expression of

inflammatory cytokines in serum. The

effects of miR-421 might be related to the

TLR4/JAK2/STAT3 pathway.

Acknowledgements

Lin-lin Guo was responsible for the study

concepts and design, data analysis, manuscript

preparation and editing; Ming-lei Guo is the

guarantor of integrity of the entire study, defini-

tion of intellectual content, and manuscript

review; Jian Yao was responsible for the litera-

ture research, data acquisition, and manuscript

preparation; Yun-qi Weng was responsible for

the clinical studies, experimental studies, and

statistical analysis; Xue-zhi Zhang was responsi-

ble for the experimental studies, data acquisi-

tion, and data analysis. All authors approved

this manuscript.

Figure 7. Effects of miR-421 on the serum level of inflammatory cytokines of ischemia/reperfusion (I/R)
model mice. NC, normal control mice (treated with sham operation); Model, I/R model group mice; miRNA,
mice injected with miR-421 based on model; IL, interleukin, TNF-a, tumor necrosis factor-a; HMGB1, high
mobility group protein B1.
***p< 0.05, compared with NC group; #p< 0.05, compared with Model group.

10 Journal of International Medical Research



Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Ming-lei Guo https://orcid.org/0000-0001-

9695-3962

References

1. Yellon DM and Hausenloy DJ. Myocardial

reperfusion injury. N Engl J Med 2007; 357:

1121–1135.
2. Wyss CA, Neidhart M, Altwegg L, et al.

Cellular actors, toll-like receptors, and

local cytokine profile in acute coronary syn-

dromes. Eur Heart J 2010; 31: 1457–1469.
3. Yang HA, Wang X, Ding F, et al. MiRNA-

323-5p promotes U373 cell apoptosis by

reducing IGF-1R. Med Sci Monit 2015; 21:

3880–3886.
4. Kan X, Sun Y, Lu J, et al. Co-inhibition of

miRNA-21 and miRNA-221 induces apo-

ptosis by enhancing the p53-mediated

expression of pro-apoptotic miRNAs in

laryngeal squamous cell carcinoma. Mol

Med Rep 2016; 13: 4315–4320.
5. Wang KY, Ma J, Zhang FX, et al.

MicroRNA-378 inhibits cell growth and

enhances L-OHP-induced apoptosis in

human colorectal cancer. IUBMB Life

2014; 66: 645–654.
6. Chen L, Tang Y, Wang J, et al. miR-421

induces cell proliferation and apoptosis

resistance in human nasopharyngeal carci-

noma via downregulation of FOXO4.

Biochem Biophys Res Commun 2013; 435:

745–750.
7. Wu JH, Yao YL, Gu T, et al. MiR-421 reg-

ulates apoptosis of BGC-823 gastric cancer

cells by targeting caspase-3. Asian Pac J

Cancer Prev 2014; 15: 5463–5468.
8. Farooqi AA, Qureshi MZ, Coskunpinar E,

et al. MiR-421, miR-155 and miR-650:

emerging trends of regulation of cancer

and apoptosis. Asian Pac J Cancer Prev

2014; 15: 1909–1912.
9. Gao E, Lei YH, Shang X, et al. A novel and

efficient model of coronary artery ligation

and myocardial infarction in the mouse.

Circ Res 2010; 107: 1445–1453.
10. Dotsikas Y and Loukas YL. Improved per-

formance of antigen-HRP conjugate-based

immunoassays after the addition of anti-

HRP antibody and application of a liposo-

mal chemiluminescence marker. Anal Sci

2012; 28: 753–757.
11. Guo X, Jiang H, Yang J, et al.

Radioprotective 105 kDa protein attenuates

ischemia/reperfusion-induced myocardial

apoptosis and autophagy by inhibiting the

activation of the TLR4/NF-jB signaling

pathway in rats. Int J Mol Med 2016; 38:

885–893.
12. Oyama J, Blais C Jr, Liu X, et al. Reduced

myocardial ischemia-reperfusion injury in

Toll-like receptor 4-deficient mice.

Circulation 2004; 109: 784–789.
13. Bagheri B, Sohrabi B, Movassaghpur A,

et al. Monocyte expression of toll-like recep-

tor-4 in patients with stable angina undergo-

ing percutaneous coronary intervention.

Iran J Immunol 2012; 9: 149–158.
14. Jiang L, Huang J, Wang Y, et al.

Metabonomic analysis reveals the CCl4-

induced systems alterations for multiple rat

organs. J Proteome Res 2012; 11: 3848–3859.
15. Huang W, Yu Q, Wang Q, et al. Roles of

miRNA in cardiovascular development and

dysfunction. Curr Med Chem 2013; 20:

3613–3622.
16. Condorelli G, Latronico MV and Cavarretta

E. microRNAs in cardiovascular diseases:

current knowledge and the road ahead.

J Am Coll Cardiol 2014; 63: 2177–2187.
17. Zhou GY, Yi YX, Jin LX, et al. The protec-

tive effect of juglanin on fructose-induced

hepatitis by inhibiting inflammation and

apoptosis through TLR4 and JAK2/

STAT3 signaling pathways in fructose-fed

rats. Biomed Pharmacother 2016; 81:

318–328.
18. Lee JJ, Kim DH, Kim DG, et al. Toll-like

receptor 4-linked Janus kinase 2 signaling

contributes to internalization of Brucella

Guo et al. 11

https://orcid.org/0000-0001-9695-3962
https://orcid.org/0000-0001-9695-3962
https://orcid.org/0000-0001-9695-3962


abortus by macrophages. Infect Immun 2013;
81: 2448–2458.

19. Zhao GL, Yu LM, Gao WL, et al. Berberine
protects rat heart from ischemia/reperfusion
injury via activating JAK2/STAT3 signaling
and attenuating endoplasmic reticulum stress.
Acta Pharmacol Sin 2016; 37: 354–367.

20. Qiao S, Mao X and Wang Y. Remifentanil
preconditioning reduces postischemic myo-
cardial infarction and improves left ventric-
ular performance via activation of the Janus
activated kinase-2/signal transducers and
activators of transcription-3 signal pathway
and subsequent inhibition of glycogen syn-
thase kinase-3beta in rats. Crit Care Med

2016; 44: 131–145.
21. Wang H, Bloom O, Zhang M, et al. HMG-1

as a late mediator of endotoxin lethality in
mice. Science 1999; 285: 248–251.

22. Scaffidi P, Misteli T and Bianchi ME.
Release of chromatin protein HMGB1 by
necrotic cells triggers inflammation. Nature

2002; 418: 191–195.
23. Andrassy M, Volz HC, Igwe JC, et al.

High-mobility group box-1 in ischemia-
reperfusion injury of the heart. Circulation
2008; 117: 3216–3226.

24. Sørensen MV, Pedersen S, Møgelvang R,
et al. Plasma high-mobility group box 1
levels predict mortality after ST-segment ele-
vation myocardial infarction. JACC

Cardiovasc Interv 2011; 4: 281–286.
25. Andersson U and Tracey KJ. HMGB1 is a

therapeutic target for sterile inflammation
and infection. Annu Rev Immunol 2011; 29:
139–162.

12 Journal of International Medical Research


