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Introduction: Myocardial infarction (MI) is the leading cause of congestive heart failure
and mortality. Hypoxia is an important trigger in the cardiac remodeling of the myocardium
in the development and progression of cardiac diseases.

Objective: Thus, we aimed to investigate the effect of hypoxia-induced exosomes on
cardiac fibroblasts (CFs) and its related mechanisms.

Materials and Methods: In this study, we successfully isolated and identified the exo-
somes from hypoxic cardiomyocytes (CMs). Exosomes derived from hypoxic CMs promoted
apoptosis and inhibited proliferation, migration, and invasion in CFs. RNA-Seq assay
suggested that long noncoding RNA AK139128 (IncRNA AK139128) was found to over-
express in both hypoxic CMs and CMs-secreting exosomes. After coculturing with CFs,
hypoxic exosomes increased the expression of AK139128 in recipient CFs. Moreover,
exosomal AK139128 derived from hypoxic CMs stimulated CFs apoptosis and inhibited
proliferation, migration, and invasion. Furthermore, the effect of exosomal AK139128
derived from hypoxic CMs could also exacerbate MI in the rat model.

Conclusion: Taken together, hypoxia upregulated the level of AK139128 in CMs and
exosomes and exosomal AK139128 derived from hypoxic CMs modulated cellular activities
of CFs in vitro and in vivo. This study provides a new understanding of the mechanism
underlying hypoxia-related cardiac diseases and insight into developing new therapeutic
strategies.

Keywords: myocardial infarction, hypoxia, cardiomyocytes, cardiac fibroblasts, exosome,
LncRNA AK139128

Introduction

Myocardial infarction (MI) is the leading cause of congestive heart failure and
subsequent mortality around the world.! From a pathologic perspective, MI is
characterized by myocardial cell death thanks to the prolonged ischemic insult,
which is a consequence of the aberrant balance between myocardial oxygen supply
and demand.”? Accordingly, the pathophysiologic conditions associated with this
impaired balance between oxygen supply and demand may also play essential roles
in the pathogenesis of MI.> Furthermore, it has been reported that apoptosis is
responsible for the clean removal of dead myocardial cells, while necrosis results in
the secretion of inflammation-related signals.*> Growing evidence has reported that
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both apoptosis and necrosis may interact or take place at
a continuum in pathologic processes.” As such, it is indi-
cated that apoptosis and necrosis are two primary mechan-
isms underlying myocardial cell death, although their
contributions in MI remains to be elucidated.

In the past decades, numerous studies reported that
hypoxia is the triggering factor for apoptosis in cardiac
cells, which is associated with the cardiac remodeling of
the myocardium in the development and progression of
cardiac diseases.® Also, myocardial hypoxia is the conse-
quence of the acute decrease of coronary blood flow,
contributing to various cardiovascular diseases, including
heart failure and MI.” Tanaka et al demonstrated that
neonatal rat cardiomyocytes (CMs) and nonmyocytes cul-
tured in 95% N»-5% CO, condition lead to increased
apoptosis.® Kang et al reported that 24-hour reoxygenation
after 6 hours of hypoxia causes significant increases in
apoptosis in adult CMs.” Also, hypoxia can activate trans-
forming growth factor Bl (TGFBl) and its downstream
signaling pathway, thereby regulating proliferation and
apoptosis of cardiac fibroblasts (CFs).'®'" Thus, under-
standing hypoxia-induced apoptosis in cardiac cells is
essential for the development of therapeutic strategies for
heart diseases.

Exosomes, 40-100 nm in diameter, are nano-sized
vesicles that are secreted from cells into the extracellular
environment and are present in almost all biological
fluids."? It has been demonstrated that various functioning
molecules, including lipids, proteins, mRNAs, and non-
coding RNAs, are found in the exosomal lumen."?
Subsequently, these molecules can be taken up by neigh-
boring or distant cells, thereby regulating the cell activities
of recipient cells.'* Thus, exosome-mediated intercellular
communication has brought increasing attention to its
potential of molecule-transferring. A study conducted by
Yang et al revealed that exosomal miRNA-30a derived
from hypoxia-treated CMs can modulate autophagic
activity.'> Moreover, exosomes secreted from hypoxia-
treated H9c2 cells can alleviate hypoxia-induced apoptosis
through mediating several miRNAs.'® Together, hypoxia-
induced exosomes and their carrying molecules may play
essential roles in
infarcted CMs.

Long noncoding RNAs (IncRNAs) are a cluster of non-

apoptosis of hypoxia-associated

coding RNA molecules composed of more than 200
nucleotides in length.'” The IncRNAs are a highly hetero-

geneous group of transcripts that regulate gene expression

8

through diverse mechanisms,'® thus exerting essential

roles in a variety of biological processes. Recently,
IncRNAs are increasingly recognized to participate in the
regulation of hypoxia-associated apoptosis of cardiac cells.
For example, IncRNA p21 is involved in p53-mediated
apoptosis induction.' In addition, Mimura et al reported
that IncRNA DARS-ASI
inducible factor-1 (HIF-1) under hypoxic conditions and

is modulated by hypoxia-

plays an essential role in the regulation of apoptosis in
renal tubular cells.”® Recently, IncRNA AK139128 was
found to promote cardiomyocyte apoptosis and autophagy

in hypoxia-reoxygenation injury.?'

Given the emerging
role of AK139128 in hypoxia-induced apoptosis in cardi-
omyocytes, this study aimed to investigate whether exoso-
AK139128 derived from hypoxic CMs

modulate CFs growth, proliferation, and apoptosis, as

mal could

well as the related mechanisms.

Materials and Methods

Animals

All experimental procedures involved in the care and use
of animals in this study were approved by the Institutional
Authority for Animal Care and Use Committee of
Cangzhou Central Hospital and conformed to the Guide
for the Care and Use of Laboratory Animals.?

Cell Culture and Hypoxia Treatment
Adult rat CMs were isolated from the ventricles of male
Sprague-Dawley rats (n=3; The Jackson Laboratory, Bar
Harbor, ME, USA) based on the previously published
protocol.”> To mimic the MI in vitro, CMs were adminis-
tered low-glucose and anaerobic Dulbecco’s Modified
Eagle Medium (DMEM; Gibco, Grand Island, NY, USA)
that was pretreated with 95% N, and 5% CO, for at least
20 min. Next, CMs were incubated in a hypoxic condition
with 1% O, for 48-72 hours.* Also, CFs were isolated
from the rat heart as previously described (n=3).*
Meanwhile, CFs were cultured in DMEM supplemented
with 10% fetal bovine serum and gentamicin (10 pg/mL)
and incubated at 37 °C in a humidified atmosphere with
5% CO,. The morphology of CMs and CFs were imaged
by phase-contrast microscopy. The 2-3 passages of CFs
were used for subsequent experiments.

Exosomes Isolation

Exosomes were isolated from normoxic and hypoxic CMs
(1x10°) according to the previously described protocol.?®
Briefly, the supernatants of CMs were collected and then
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centrifuged at 10,000 g for 30 minutes to exclude cellular
debris and cells. Next, the supernatants were transferred to
a new tube, filtered via the membrane with a 0.22 um pore
size, and centrifuged at 120,000 g for 2 hours at 4 °C. The
isolated exosome pellets were washed with sterile PBS
once and resuspended in 500 pL. of PBS. Exosomes (1 or
5 ug/mL) were quantified through the BCA protein assay
(Thermo Fisher Scientific, USA) and used to coculture
with CFs for 24 hours.?’

Transmission Electron Microscopy (TEM)
Exosomes were absorbed onto a 400-mesh copper grid and
stained with 2% phosphotungstic acid solution for 10 min at
room temperature. The morphology of exosomes was imaged
by a transmission electron microscope (JEOL Ltd., Tokyo,
Japan)

Nanoparticle Tracking Analysis (NTA)

The diameter distribution of exosomes was measured
through Nanosight NTA NS300 (Malvern Instruments
Ltd., Malvern, UK). The parameter settings of capture
the manufacturer’s

and analysis were based on

instructions.

RNA [solation and Quantitative
Real-Time PCR (qRT-PCR)

Exosomes were treated with RNase A (10 pg/mL;
Promega™ Corporation, Madison, WI, USA) for 10
minutes at room temperature followed by the treatment
of RNase inhibitor (1 U/uL; Promega™ Corporation,
Madison, WI, USA). Total RNAs were isolated from
cells and exosomes using the RNeasy Mini kit (Qiagen,
Hilden, Germany) following the manufacturer’s instruc-
tions. The first-strand cDNAs were synthesized using
the First Strand cDNA Synthesis Kit for qRT-PCR
(Sigma-Aldrich, St. Louis, Mo, USA). The qRT-PCR
reactions were performed using FastStart Essential
DNA Green Master (Roche, Nutley, NJ, USA) on
a Lightcycler platform (Roche, Mannheim, Germany).
The primer information was as following: B-Actin: for-
ward, 5-TCCCTGGAGAAGAGCTACGA-3', reverse,
5'-AGCACTGTGTTGGCGTACAG-3" and AK139128:

5'-TCGCAAAGGCGGTTGCCTAT-3,
5'-CAAGGTTGGGTAGCTTCAGA-3". The
data were analyzed using the AACT method,”® and p-

forward,

reverse,

actin was used as an internal control.

RNA-Seq
Total RNA isolation was the same as mentioned above.
Adapter ligation, cDNA synthesis, PCR amplification, and
construction of RNA libraries were performed by using
TruSeq Stranded Total RNA Library Prep Kit (Illumina,
US) according to the manufacturer’s instructions. Then,
RNA-Seq assay was performed on the Illumina Hi-seq
2500 platform. The reads with the percentage of unknown
bases (> 10%) and the percentage of the low-quality base
(quality value < 5) were removed. The reads with high quality
were matched to the hg19 genome sequence using the Bowtie
software.”” The R package edgeR was applied to determine
differentially expressed genes. The genes with more than
2-fold change in expression and adjusted p-value was less
than 0.05 were identified as the significantly expressed genes.

Western Blotting

Total proteins of cells or exosomes were extracted using the
lysis buffer (Bio-Rad, Des Plaines, IL, USA). The protein
concentrations were determined using the Bradford relative
protein quantification assay (Bio-Rad, Des Plaines, IL,
USA). The protein extracts were separated by SDS-PAGE
and transferred to polyvinylidene difluoride membranes.
Next, the membranes were incubated with CD63 (1:1000),
Hsp70 (1:1000), Hsp90 (1:1000), TSG101 (1:500), Bax
(1:1000), Bel-2 (1:1000), Myosin Heavy Chain 6 (MYHO6)
(1:500), Myosin Heavy Chain 7 (MYH7) (1:1500),
Troponin T type 2 (TNNT2) (1:1000), Troponin T (TropT)
(1:1000), Vimentin (1:1000), Hyaluronan proteoglycan link
protein 1 (Haplnl) (1:1000), Discoidin Domain Receptor 2
(DDR2) (1:1000), and GAPDH (1:2000) (Santa Cruz,
Shanghai, China) at 4°C overnight. The protein expressions
were determined using the chemiluminescent assay
(Thermo Fisher Scientific, Rockford, IL, USA), and the
intensity of protein bands was quantified by Imagel

software.>°

Exosome Fluorescence Assay

Exosomal RNAs were labeled with fluorescent dyes using
Exo-GLOW™ Kits
Biosciences, Palo Alto, CA, USA) according to the man-

Exosome Labeling (System
ufacturer’s instructions. Images were taken by an Olympus

BX51 Fluorescence Microscope (Olympus, Tokyo, Japan).

Cell Transfection
The CMs were transfected with pRNAT-U6.1/control
shRNA or pRNAT-U6.1/ AK139128 shRNA plasmid
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using the Lipofectamine™ 3000 Transfection Reagent
(Invitrogen, Waltham, MA, USA) according to the manu-
facturer’s instructions.

CCK-8 Assay
The CFs proliferation was determined by Cell Counting
Kit-8 assays (Dojindo Molecular  Technologies,

Gaithersburg, MD, USA) according to the manufacturer’s
instructions. Absorbance was measured at 490 nm using
an automatic multiwell spectrophotometer (Bio-Rad, Des
Plaines, IL, USA)

Migration and Invasion Assays

The CFs (1 x 10°) were subjected to Transwell (migration;
BD Biosciences, Franklin Lakes, NJ, USA) and invasion
assays (BD Biosciences, Franklin Lakes, NJ, USA)
according to the manufacturer’s instructions and as pre-
viously described.*!

Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling (TUNEL) Assay

The determination of apoptotic levels of CFs was per-
formed using the TUNEL Assay Kit (Abcam, Shanghai,
China) according to the manufacturer’s instruction. The
apoptotic levels were evaluated using an Olympus BX51
Fluorescence Microscope (Olympus, Tokyo, Japan).

Rat Model of M

Male specific-pathogen-free (SPF) Sprague-Dawley rats
(8-12 weeks, body weight: 260-300 g; The Jackson
Laboratory, Bar Harbor, ME, USA) were acclimated for
one week before the experiments. Throughout the acclima-
tion and experiment periods, rats were individually housed
in polycarbonate cages in standard conditions, including
23 £ 2°C temperature, 55 + 7% humidity, and 12-h light/
dark cycle. Rats were fed standard rodent diet and water
ad libitum. The rat model of MI was established, as pre-
viously described.>® Briefly, under tracheostomy surgery,
anesthesia rats were incubated with an 18-gauge intrave-
nous catheter with a tapered tip. Next, MI was introduced
by ligation of the left anterior descending coronary artery,
2 to 3 mm from the tip of the left auricle, with polypro-
pylene suture in the fourth intercostal space. After surgery,
coronary occlusion was evaluated by monitoring the
development of a pale color in the distal myocardium.
Next, purified siRNA AKI139128-treated exosomes (10
ng), shRNA control-treated exosomes (10 pg), and PBS

were injected into the infarct border zone at four different
sites.*>** Rats were sacrificed three weeks post-injection.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
Software (GraphPad Software, Inc., San Diego, CA,
USA). Data were presented as mean + SD. Statistical
differences were determined with Student’s #-test and one-
way analysis of variance. P < 0.05 was considered to be
statistically significant. At least three replicates were in
each treatment.

Results
Isolation of CMs and CFs

After isolation of CMs and CFs, we first performed
Western blotting assay to determine several surface makers
of CMs and CFs,*>*° respectively. As shown in Figure 1A,
MYH6, MYH7, TNNT2, and TropT positively expressed
in CMs, relative to CFs. Also, the fibroblast-specific mar-
kers Haplnl, DDR2, and Vimentin displayed higher
expression in CFs. Meanwhile, the morphology of cultured
cells was imaged under phase-contrast microscopy (Figure
1B). Collectively, the results showed the successful isola-
tion of CMs and CFs in this study.

Identification of Exosomes Derived from
Normoxic and Hypoxic CMs

Exosomes were isolated from normoxic and hypoxic CMs,
respectively. The morphology of exosomes was evaluated
by TEM (Figure 1C). Both normoxic and hypoxic exo-
somes displayed bilayer lipid membranes, and the dia-
meter of exosomes was 100-200 nm, as shown in Figure
1A. Also, Western Blotting was performed to assess the
exosome protein markers in normoxic and hypoxic exo-
somes, respectively. The results suggested that both nor-
moxic and hypoxic exosomes positively expressed
exosomal markers CD63, Hsp70, Hsp90, and TSG101
(Figure 1D). Together, these results suggest that exosomes
isolated from normoxic and hypoxic CMs may exhibit
classical exosome characteristics.

Exosomes Derived from Hypoxic CMs
Promote CFs Apoptosis and Inhibit

Proliferation, Migration, and Invasion

To investigate the roles of hypoxic exosomes in biological
processes of CFs, we cocultured CFs with normoxic or
hypoxic exosomes. The results from the CCK-8 assay
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Figure | Isolation of cardiac cells and characterization of exosomes derived from normoxic and hypoxic CMs. (A) The expressions of surface markers for CMs and CFs. (B)
Morphology of CMs and CFs. Scale bar =50 nm. (C) Morphology of exosomes derived from normoxic and hypoxic CMs under transmission electron microscopy and the
distribution of exosome diameter. Scale bar =200 nm. (D). Protein expressions of exosomal markers CD63, Hsp70, Hsp90, and TSGI0I| of exosomes derived from

normoxic (Nornoxic-Exo) and hypoxic (Hypoxic-Exo) CMs.

revealed that CFs cocultured with hypoxic exosomes
showed lower cell viability than those cocultured with
normoxic exosomes or the PBS control (Figure 2A).
Also, the hypoxic exosome-treated CFs displayed inhib-
ited abilities of migration (Figure 2B and E) and invasion
(Figure 2C and F) compared to CFs treated with normoxic
exosomes or the PBS control. Furthermore, the TUNEL
assay revealed that hypoxic exosomes promoted apoptosis
in CFs compared to normoxic exosomes or the PBS con-
trol (Figure 2D and G).

Hypoxic Exosomes Affect Cell Activities
of CFs Through Exosome-Mediated
Transferring of AK139128

To investigate if exosome-carrying RNAs were interna-
lized by CFs, exosomal RNAs derived from normoxic
and hypoxic exosomes were labeled with green dyes and
cocultured with CFs. The results revealed that the labeled
exosomal RNAs were internalized by CFs (Figure 3),

indicating that exosomal RNAs may be associated with
the effect of hypoxic exosomes on CFs. Next, we con-
ducted the RNA-Seq assay to further determine the func-
tional IncRNAs in exosomes. The results demonstrated
that a list of IncRNAs differentially expressed between
normoxic and hypoxic exosomes (Figure 4A and B), of
which AK139128 was one of IncRNA with the highest
upward trend. By performing the qRT-PCR assay, we
found that the expressions of these IncRNAs were consis-
tent with the results obtained from RNA-Seq assay (Figure
4C). Thus, we selected AK139128 as a potential essential
candidate and focused its effect on the hypoxic exosomes-
mediated role in CFs. As shown in Figure 4D, hypoxia
treatment led to higher expression of AK139128 in both
CMs and CMs-derived exosomes. To further investigate
the presence of AK139128 within exosomes, we applied
RNase to both normoxic and hypoxic exosomes since the
bilayer membrane of exosomes can prevent RNAs from
degradation by RNase. The results showed that the admin-
istration of RNase did not affect the abundance of
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Figure 2 Effect of exosomes derived from normoxic and hypoxic CMs on viability, proliferation, and migration of CFs. (A) Cell viability of CFs treated with exosomes
derived from normoxic and hypoxic CMs, respectively. (B and E) Migratory ability of CFs treated with exosomes derived from normoxic and hypoxic CMs, respectively.
(C and F) Invasive ability of CFs treated with exosomes derived from normoxic and hypoxic CMs, respectively. (D and G) Apoptotic levels in CFs treated with exosomes
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Figure 3 Internalization of exosomal RNAs derived from normoxic and hypoxic CMs. Green fluorescent dye-labeled normoxic and hypoxic exosomal RNAs were uptake by

normal CMs.

AK139128 in both normoxic and hypoxic exosomes
whereas the combination of RNase and Triton X-100,
which is commonly used to lyse cells or to permeabilize
the cell membranes, could significantly inhibit the expres-
sion of AK139128 (Figure 4F). Furthermore, the expres-
sion of AK139128 in CFs was assessed after treating with
normoxic and hypoxic exosomes, which revealed that the
expression of AKI139128 was increased in CFs in
a concentration-dependent pattern compared to the PBS
control (Figure 4G). Together, these results demonstrated
that AK139128 may be involved in hypoxia-coping
mechanisms of CMs and may participate in the effect of
hypoxic exosomes on CFs.

Exosomal AK139128 Derived from
Hypoxic CMs Promotes CFs Apoptosis
and Inhibits Proliferation, Migration, and

Invasion

To further determine the function of AK139128 on the effect of
hypoxic exosomes on CFs, we tested the siRNA AK139128
efficacy in hypoxic CMs, and the result revealed that siRNA
AK139128 significantly inhibited the expression of
AK139128 in both CMs and exosomes compared to the
siRNA control (Figure 4E). Moreover, exosomes derived
from siRNA control-treated hypoxic CMs significantly inhib-
ited CFs proliferation relative to those of siRNA AK 139128 or

the PBS control-treated groups (Figure 5A). Moreover,
hypoxic exosomes secreted from shRNA control-treated
hypoxic CMs suppressed the abilities of migration (Figure
5B and E) and invasion (Figure 5C and F) as well as enhanced
apoptotic activities (Figure 5D and G) of CFs. Collectively,
these results demonstrated that the effect of hypoxic exosomes
on CFs might be mediated, at least in part, by exosomal
AK139128.

Exosomal AK 139128 Derived from

Hypoxic CMs Exacerbates Myocardial

Infarction in the Rat Model of Ml

In MI rat model, siRNA AK139128-treated and shRNA
control-treated exosomes were administrated into the
infarct border zone. QRT-PCR experiments revealed that
AK139128-carrying exosomes derived from hypoxic CMs
could increase the level of AK139128 in CFs and heart
tissues while siRNA AK139128-treated exosomes did not
affect the expression of AK139128 (Figure 6A). At the
cellular level, exosomal AK139128 inhibited the abilities
of migration (Figure 6B and D) and invasion (Figure 6C
and E) in CFs compared with those treated with siRNA
AK139128-treated exosomes or PBS control. Also, CFs
treated with shRNA control-treated exosomes displayed
higher apoptotic levels (Figure 7A and B), along with
increased level of Bcl-2 while decreased expression of
Bax, as determined by Western Blotting assay (Figure 7C
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and D). Together, these resulted suggested that exosomal
AK139128 enhances apoptosis and inhibits cell migration
ability in the rat model of MI.

Discussion
In the cardiovascular system, accumulating studies on
both humans and animals demonstrated that apoptosis

plays an essential role in the development and pathol-
ogy of various cardiovascular diseases.’>’ In particular,
the roles of hypoxia and reoxygenation can lead to
alterations in the reduction-oxidation reaction, which
is regarded as the leading cause of oxidative stress
and the impairment of cardiac tissues in MI.*%>°

During hypoxia, the generations of mitochondrial
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oxidative phosphorylation and ATP, which are essential
for high levels of metabolic needs of CMs are
interrupted.*®>° In addition to these hypoxic responses,
increased exosome secretion is also reported in hypoxic
CMs that are enriched with various angiogenic and
apoptosis-regulating factors.*” In the present study, we
successfully isolated and identified the exosomes from
hypoxic CMs and found the overexpression of
AK139128 in hypoxic exosomes. Also, the high expres-
sion of AK139128 could be transferred through exo-
some-mediated pathways to promote cell proliferation
and inhibit apoptosis in recipient CFs. Furthermore, the
effect of exosomal AK139128 was also verified through

in vivo studies.

Hypoxia is a potent factor that promotes the secretion
of exosomes in CMs. Gupta et al first reported that mod-
erate hypoxia administration for 2 hours significantly ele-
vates the release of exosomes by two-times.*! Exosomes
derived from primary cultured hypoxic CMs are enriched
with high levels of tumor necrosis factor (TNF)-a, a pro-
inflammatory cytokine.** Also, exosomes secreted from
hypoxic cardiac progenitor cells contain more angiogenic
factors compared with those derived from normoxic
cells.*” Recently, the opposite roles, such as pro-
apoptosis or anti-apoptosis, of exosomes derived from
hypoxia cardiac cells have been reported.*® The precise
mechanism underlying this discrepancy is still not fully

understood, but different durations and intensities of
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Figure 7 Exosomal AK139128 derived from hypoxic CMs promotes apoptosis in rat CFs in vivo. (A and B) The apoptotic levels in CFs of rats treated with exosomes
derived from hypoxic CMs transfected with control shRNA or AK139128 shRNA, respectively. (C and D) The protein expressions of Bcl-2 and Bax in CFs of rats treated
with exosomes derived from hypoxic CMs transfected with control shRNA or AK139128 shRNA, respectively. *P < 0.05. Values are mean * SD.

hypoxic exposure may be associated with such opposite
effects. In this study, we observed that CFs cocultured with
hypoxic exosomes could lead to increased apoptosis while
suppressing cell proliferation, invasion, and migration
abilities. In previous studies, exosomal heat shock protein
(HSP)-60 can promote inflammation and apoptosis in CMs
through the toll-like (TLR)
pathway.*"** Thus, it is suggested that hypoxic exosomes

receptor signaling
and their carrying factors secreted from cardiac cells may
play essential roles in the modulation of cell activities in
the pathogenesis of various cardiovascular diseases.

Exosomes are secreted from multiple cardiac cell types,
such as CMs, endothelial cells, and fibroblasts. A growing
body of studies demonstrated that cardiac exosomes play
a crucial role in intercellular communication of physiological
and pathological processes in the heart.***> Among cardiac
cell-communicating networks, cardiomyocyte-fibroblasts
cross-talk has been reported in several previous studies. For
example, CFs treated with exosomes derived from CMs exhi-
bit significant alterations in gene expression profiles, where
175 genes are

upregulated while 158 genes are

downregulated.*® Exosomes derived from CMs result in
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excess collagen synthesis in CFs through the STAT-3 pathway
in cardiac hypertrophy.*’ Moreover, CFs can modulate cardi-
omyocyte hypertrophy through exosomal miRNA-21.%
Meanwhile, the cross-talk between cardiomyocytes and CFs
exerts critical roles in adaptive responses of the heart in
response to the elevated workload induced by MI or
hypertension.*’ Thus, exploring the precise mechanism under-
lying this essential interplay between cardiomyocytes and CFs
could contribute to understanding the progression of various
cardiovascular diseases and the development of novel
therapies.

The CFs participate in the regulation of myocardial
function in a paracrine pattern.’® An essential factor mediat-
ing intercellular communication between cardiomyocytes
and CFs is the TGF-p signaling pathway.’' In this study,
we found another factor, AK139128, was significantly upre-
gulated in both hypoxic CMs and their exosomes in response
to hypoxia treatment and the knockdown of AK139128 in
exosomes could reverse the effect of hypoxic exosomes on
CFs, indicating the potential roles of AK139128 in hypoxia-
coping mechanisms of CFs. In a recent study, AK139128 is
reported to play positive roles in apoptosis and autophagy in
myocardial hypoxia-reoxygenation injury,?' thereby draw-
ing our interest in the effect of exosomal AK139128 in CMs.
To date, the majority of studies reporting the exosomal
communicators between cardiomyocytes and CFs have
been the focus of miRNAs, such as miRNA-21,** miRNA-
27a, miRNA-28a, and miRNA-34a.>> Thus, the effect of
exosomal AK139128 derived from hypoxic cardiomyocytes
on CFs demonstrates an essential role of IncRNAs in
hypoxia-associated responses of cardiac cells, providing
novel insights into the cardiac cells cross-talk.

In conclusion, the results suggest that hypoxia exposure
upregulates the expression of AK139128 in both CMs and
exosomes and that exosomal AK139128 derived from hypoxic
CMs promotes apoptosis and inhibits cell proliferation in CFs
in vitro and in vivo. These findings contribute to understanding
the mechanisms underlying hypoxia-related cardiac diseases
and help in developing novel therapeutic strategies.
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