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Abstract

Background
Increasing evidence suggests that ADSCs execute their paracrine function via the secretion of exosomes,
especially under hypoxic conditions. However, the mechanisms by which ADSCs-derived exosomes
(ADSC-exos) enhance angiogenesis under hypoxia remain unclear.

Methods
Exosomes were isolated from HIF-1α-modi�ed ADSCs culture supernatants. To investigate the effects
HIF-1α-ADSC-exos on HUVECs, cell growth, apoptosis, and tube formation assay were performed with or
without HIF-1α-ADSC-exos. Moreover, to determine the function of HIF-1α-ADSC-exos, the therapeutic
effects of ADSC-exos and HIF-1α-ADSC-exos were examined in PAH rats.

Results
Exosomes released by HIF-1α-modi�ed ADSCs rescued the impaired angiogenic ability, migratory
function, and in�ammatory factors of hypoxia-injured HUVECs, with increased SDF-1α, Rac1, Rac2, VEGF
and IL-10 expression. Furthermore, exos-HIF-1α activated SIRT3 to enhance angiogenesis in HUVECs and
induced IL-10 expression to inhibit in�ammatory response. Block SIRT3 or SDF-1α abolished the
angiogenic effect in HUVECs.

Conclusion
Our �ndings indicated that the SIRT3 contributed a crucial role in HIF-1α-ADSC-exos in tissue repair under
hypoxia.

Introduction
Pulmonary arterial hypertension (PAH) is a chronic life-threatening disease characterized by progressive
pulmonary vascular remodeling and increased pulmonary arterial pressure, resulting in right ventricular
overload and subsequent death [1, 2]. Pathological changes of PAH are complex, including thickening of
intimal and medial layers, �brotic vasculopathy, and perivascular in�ammatory cell in�ltration, lead to a
progressive proliferation, migration, or phenotype switches of pulmonary artery smooth muscle cell
(PASMC) and pulmonary arterial vascular endothelial cell (PAVEC), and leading to an abnormal elevation
in pulmonary arterial pressure [3–5]. Despite the great advances in clinical, functional, and hemodynamic
improvement in PAH patients has been achieved in recent years[5], however, the molecular and
pathogenetic mechanisms of PAH remain poor.
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Adipose-derived stem cells (ADSCs) are mesenchymal stem cells harvested from adipose tissue (AT)
capable of self-renewal and multipotent differentiation into various types of other cells [6, 7]. Enormous
attention has been focusing on the ADSCs due to the easy isolating procedure and a higher harvest rate
than bone marrow [8, 9]. Increasing evidence have shown that ADSCs has been proven to be useful for
corneal wounds and regenerating non-healing cutaneous, cardiovascular disease [10, 11]. Exosomes
(exos) are vesicles with a size of 30–200 nm derived from the cell membrane of cells and released to the
extracellular environment after fusion of multivesicular endosomes and plasma membranes under
normal or pathological conditions [12–14]. Subsequent studies implied that exosomes released from
MSCs (MSC-exos) and ADSCs (ADSC-exos) have been revealed to promote spinal cord injury recovery
and hepatic recovery, reduce myocardial ischemia/refusion injury and pulmonary hypertension by
receptor-ligand binding, direct membrane fusion, and endocytosis [15–17]. Hypoxia-inducible factor 1-
alpha (HIF-1α), a heterodimeric transcription factor complex consisting of α and β subunits, is a key
regulator of the cellular adaptation to hypoxia [18, 19]. HIF-1α was reported as an important activator of
endothelial cells in the injured and adjacent vasculature by mediating a series of metabolic responses to
maintain energy balance and redox homeostasis [20, 21]. Furthermore, ADSCs-exo enhanced the
proliferation and migration of HaCaT cells by inducing the phosphorylation of AKT and the expression of
HIF-1α to promote wound healing [22]. However, the effects of HIF-1α modi�ed ADSCs on PAVEC remain
unclear.

In this study, we explored the effects of genetic modi�cation ADSCs on the hypoxia-induced PAH. The
effects of HIF-1α on ADSCs were determined by cell proliferation and apoptosis under normoxic and
hypoxic state. Then the in vitro functions of HIF-1α modi�ed ADSCs-exo modulated HUVECs were
explored, as well as the underlying mechanisms. Finally, a PA model was employed to examine the in vivo
effects of HIF-1α modi�ed ADSCs-exo on pulmonary vascular remodeling.

Materials And Methods
Animal studies

The study was carried out in accordance with the Guidelines for the Care and Use of Laboratory Animals
and approved by Animal Care and Use Committee of Gansu Province people’s hospital (No. 202004FT). A
total of 48 adult male C57BL/6 mice (4weeks) obtained from Shanghai SLAC Laboratory Animal Co.,Ltd
(Shanghai, China) were housed under pathogen-free conditions with 12-h light/dark cycle and 22 ± 1°C
and a humidity of 40–60%. Experimental PAH Model was performed as previously described [23]. The
mice were randomly divided into normal group (saline) and PAH group (exosomes form vehicle,
exosomes form HIF-1α). Then 50 µl exosomes (from 5 × 107 ADSCs) were intravenously injected. The
mice in all the groups were killed after intraperitoneal injection with 10% chloral hydrate, and samples of
lung tissues were removed histopathological examinations.

Preparation and characterization of exosomes
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Exosomes were isolated from ADSCs using ExoQuick-TC (SBI, USA) according to the manufacturer’s
instructions. Western blotting was performed to detect the expression of known exosomal markers anti-
CD63 (#ab59479, Abcam, Cambridge, MA, USA) and anti-CD81 (#ab79559, Abcam) and the exosome
morphology were observed by transmission electron microscopy (TEM) (Hitachi, H7500 TEM, Tokyo,
Japan).

Adipose-derived stem cell isolation and culture

The groin adipose tissue was harvested from C57BL/6 mice ageing 4 weeks, after clearing and 0.075%
collagenase digestion, then centrifugation removed the supernatant and undigested fat. The cells were
resuspended in DMEM (Invitrogen, Carlsbad, CA, USA) supplemented with 10% FBS (Invitrogen) and 1%
penicillin-streptomycin (P/S) at 37°C with 5% CO2. The �rst change of medium took place 8 h later and
the medium was replaced every 2–3 days. Cells were digested and passaged after reaching 80%
con�uency.

Establishment of HIF-1α stable overexpression ADSCs

Full-length HIF-1α coding sequence was subcloned into the lentiviral vector pCDH-CMV-MCS-EF1-Puro
(System Biosciences, Beijing, China). Lentivirus was generated in HEK293T cells and �ltration with 0.22
µm �lter membrane. To construct the stable cell lines with target gene overexpression, ADSCs were
infected with Lentivirus for 24h, 2 µg/mL puromycin (Sigma-Aldrich, St Louis, MO, USA) was added to
culture medium after transducing with lentivirus 48h later to continuously screen the stable cells for 10
days. The small interfering RNA (siRNA) targeting SIRT3 were obtained from Shanghai GenePharma Co.,
Ltd (Shanghai, China) and transfected using Lipofectamine 2000 (Invitrogen) in accordance with the
manufacturer’s instructions. The in vitro preconditioning hypoxia model was established by �ooding the
chamber with 95% N2 and CO2 using a ProOx model 110 oxygen regulator purchased from BioSpherix
(New York, NY, USA).

Cell viability assay

Cells of each group were planted in 96-well microculture plates with 1 × 104/well and cultured at 37°C
with 5% CO2 overnight. 10 µl of CCK-8 solution (TAKARA, USA) was added to each well and incubated for
2 h at 24, 48, 72, and 96 h. Finally, absorbance was assessed using a microplate reader (Bia-rad, Hercules,
CA, USA) at a wavelength of 450 nm.

Cell apoptosis assay

To evaluate cell apoptosis, apoptotic ratios were evaluated by the Annexin V-FITC/PI Apoptosis Detection
Kit according to the manufacturer's recommendations. The stained cells were analyzed were analyzed by
FACScan �ow cytometer (Becton Dickinson, USA) and evaluated using the ModFit program software.

Evaluation of lung histological pathology and pulmonary vascular permeability
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To assess the severity of lung injury, the lung tissues were harvested and �xed with 4% paraformaldehyde
and embedded in para�n and then cut into 4 µm sections. Then, the sections were depara�nized and
stained with hematoxylin-eosin (H&E). The degrees of in�ammation, congestion, and edema were
evaluated using lung injury score as previously described [24].

For arterial blood gas studies, partial pressure of oxygen (PaO2) and partial pressure of carbon dioxide
(PaCO2) were measured from blood samples obtained from the femoral artery. The dry weight was
determined, and the lung wet-to-dry weight (W/D) ratio was measured to assess the pulmonary vascular
permeability. For hemodynamic studies, the PICCO system was used to evaluate the mean arterial
pressure, heart rate, stroke volume variation, and cardiac output.

Measurement of In�ammatory Cytokines

Mouse blood was centrifuged at 4°C and 3000 r/min for 10 minutes, and the serum was harvested to
measure the levels of tumor necrosis factor-α (TNF-α), interleukin-10 (IL-10), vascular endothelial growth
factor (VEGF) and monocyte chemotactic protein 1 (MCP-1) using ELISA kits in accordance with the
manufacturer's instructions (eBioscience, San Diego, CA, USA).

Transwell invasion assays

Invasion assays of HUVECs in vitro were performed using transwell chambers with 8 µm pores (Corning
Incorporated, Corning, NY, USA) coated with Matrigel (BD Bioscience, Bedford, MA, USA). Cells were
harvested after the speci�c treatment and resuspended in serum-free medium. About 4×105 cells in 100
µl serum-free medium was added into the upper chamber, 600 µl complete medium was added into lower
chamber. After incubation for 24 h, the cells were �xed in 4% paraformaldehyde for 30 min and stained
with 0.1% crystal violet for 15 min. The invaded cells were imaged and counted in �ve randomly selected
�elds at 200× magni�cation using an Olympus optical microscope (Tokyo, Japan).

Tube formation assay

After reaching 80% cell con�uence, ADSCs cells were cultured with serum-free DMEM for another 24 h,
and the supernatant was collected as a conditioned medium. 100 µL Matrigel was added into 24-well
plates to polymerize for 2 h at 37°C. Then 2 × 105 HUVECs were seeded into coated wells with
conditioned medium. Images were taken by an Olympus optical microscope 6 h later, and the numbers of
tubes formed were counted to measure tubule-forming ability.

Western Blot Analysis

Total protein was extracted from cells were RIPA buffer (Sigma-Aldrich) containing Protease Inhibitor
Cocktail (Cell Signaling Technology, Inc., Beverly, MA, USA). Protein concentration was determined using
the bicinchoninic acid (BCA) protein assay kit (Thermo�sher, Carlsbad, CA, USA). Equal amounts of
protein extracts (40 µg) were separated by 10% SDS-PAGE and transferred to polyvinylidene di�uoride
membranes (Bia-Rad). Then the membranes were blocked and incubated overnight with rabbit anti-HIF-
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1α (Cell Signaling Technology), rabbit anti-SIRT3 (Cell Signaling Technology), rabbit anti-SDF-1α (Cell
Signaling Technology), rabbit anti-VEGF (Cell Signaling Technology), rabbit anti-Rac1 (Proteintech Group.
Inc, Rosemont, IL, USA), rabbit anti-Rac2 (Proteintech Group. Inc), and mouse anti-GAPDH (Cell Signaling
Technology) antibodies, respectively. The expression levels of protein were measured by enhanced
chemiluminescence reagents (Millipore, Plano, TX, USA).

Statistical Analysis
Data are expressed as means ± standard deviation (SD). Each experiment was performed independently
at least three times. Student’s t-test was used to compare the difference between two groups and the
difference among multiple groups were determined based on one-way analysis of variance. Statistical
analyses were performed using the SPSS 21.0 statistical package (SPSS Inc., Chicago, IL, USA).

Results

Isolation and identi�cation of the exosomes secreted by
ADSCs
It has been suggested that ADSCs could repair the damaged tissues [6, 7]. Flow cytometry demonstrated
that isolated ADSCs were CD24 + CD44 + CD90 + Sca-1 + CD34- CD45- (Fig. 1A). As expected, ADSCs
transduced with HIF-1α displayed the increased expression of HIF-1α at protein levels (Fig. 1B). Then we
explored the roles of HIF-1α on ADSCs, the results showed that there was no signi�cant change in cell
viability and apoptosis under either normoxia or hypoxia state (Fig. 1C and D). It promoted us to consider
exos might play the crucial roles in tissue repair due to paracrine functions of stem cells. USC-exos were
obtained using ExoQuick-TC and observed under a TEM (Fig. 1E). Western blot showed that ADSCs-exos
were positive for speci�c markers CD63 and CD81 (Fig. 1F). These results suggested that the substances
we isolated could be identi�ed as exosomes.

Exosomes from HIF-1α-modi�ed ADSCs enhance proliferation and tube formation in HUVECs under
hypoxia state

In PAH, the alteration of pulmonary artery endothelial cells was the main pathological basis of pulmonary
vascular remodeling with pulmonary hypertension. Previous studied have shown that hypoxia induces
injury of endothelial cells. Therefore, we next determined whether the secretion of HIF-1α-exos from
ADSCs exert biological activity to mediate speci�c intercellular communication. To explore the potential
roles of exosomes in endothelial cells, we �rst assessed the effect of Vector-exos and HIF-1α-exos on the
proliferation and apoptosis of HUVECs under normoxia and hypoxia state. As shown in Fig. 2A, CCK-8
assay showed that HIF-1α-exos treatment signi�cantly increased the proliferation of HUVECs compared
with Vector-exos under hypoxia state, but no signi�cant change was observed under normoxia state. Flow
cytometry results revealed that HIF-1α-exos decreased the apoptosis rate of HUVECs induced by hypoxia,
but there was no signi�cant change between Vector-exos and HIF-1α-exos under normoxia state (Fig. 2B).
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Then we examined the in�uence of exos on HUVECs tube formation, one important step involved in
angiogenesis. The tube formation assay indicated that HIF-1α-exos displayed a better effect on tube
formation of HUVECs compared with Vector-exos under hypoxia state (Fig. 2C). All these results
suggested that overexpression of HIF-1α could abolished the injuries of HUVECs induced by hypoxia.

Migratory ability and in�ammatory cytokines release of hypoxia-preconditioned HUVECs was rescued by
exosomes from HIF-1α-modi�ed ADSCs

It has been established that migratory ability endothelial cells of HUVECs and in�ammatory disorder were
involved in the pathological changes of PAH [4]. Therefore, Transwell system was introduced to study
how exosomes regulate the migratory ability of HUVECs. As shown in Fig. 3A, hypoxia dramatically
impaired the migratory ability of HUVCEs. However, HIF-1α-exos could revere the inhibition of migratory
ability under hypoxic conditions. Furthermore, the promotion of hypoxia on IL-6 and MCP-1 secretion
(Fig. 3B) and the repression on IL-10 secretion (Fig. 3C) also could be reversed by HIF-1α-exos treatment
in HUVECs. In addition, ELISA showed HIF-1α-exos increased VEGF production in HUVECs both under
normoxia and hypoxia state (Fig. 3D). These results showed that HIF-1α-exos could alleviate hypoxia-
induced HUVECs injury.

Exosomes from HIF-1α-modi�ed ADSCs alleviated the effects of HUVECs induced by hypoxia via up-
regulating SIRT3 expression

Then we explored the molecular mechanism of exosomes from HIF-1α-modi�ed ADSCs regulated
angiogenesis and in�ammatory response. Previous studies have shown that SIRT3 regulated multiple
physiological processes such as metabolism and aging [25, 26]. Interestingly, we found that the
expression of SIRT3 was signi�cantly increased in HIF-1α-exos compared with Vector-exos treated cells
(Fig. 4A, left). The downstream genes of SIRT3 involved in angiogenesis and in�ammatory response were
also detected, as we expect, the expression levels of SDF-1α, Rac1, Rac2 were decreased, whereas VEGF
was increased after HIF-1α-exos treatment (Fig. 4A and 4F). However, SIRT3 silencing reversed the
alteration of SDF-1α, Rac1, Rac2 and VEGF induced by HIF-1α-exos (Fig. 4A, right). To investigate the
importance of SIRT3 in exosomes from HIF-1α-modi�ed ADSCs in HUVECs functions, siRNA targeting
SIRT3 were performed in HUVECs under hypoxic conditions prior to exosome extraction. CCK-8 assay
showed that SIRT3 silencing by siRNA remarkably repressed the viability of HUVECs treated with HIF-1α-
exos under hypoxia state (Fig. 4B). Consistent with the result of CCK-8 assays, the Flow cytometry assays
showed that SIRT3 silencing contributed to the apoptosis of HUVECs (Fig. 4C). Similarly, knockdown of
SIRT3 abolished the enhancing effect of HIF-1α-exos on tube formation (Fig. 4D) and migratory ability
(Fig. 4E) of HUVECs. Furthermore, Elisa results showed that SIRT3 silencing also reversed the effects of
HIF-1α-exos on HUVECs, except VEGF expression (Fig. 4F). Taken together, our data indicated that SIRT3
might play a crucial role of effects of HIF-1α-exos on HUVECs.

HIF-1α-modi�ed ADSCs ameliorated PAH phenotypes induced by hypoxia in vivo
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In order to further investigate the e�cacy of HIF-1α-exos in the PAH, PAH models were established in
mouse models, which including the preventive model and therapeutic model. After intermittent hypoxia
for 4 weeks, RVSP (Fig. 5A), RV/BM (Fig. 5B), representative images of pulmonary arteries stained with
H&E (Fig. 5C), RV/LV + S (Fig. 5D) and remodeling of small pulmonary arteries presented as MT%
(Fig. 5E) and MA% (Fig. 5F) in normal group were remarkably increased compared with hypoxia group.
These results indicated that a PAH model in mouse had been established with remodeling of small
pulmonary arteries. By using a hypoxia-induced PAH preventive mouse model, mice that treated with HIF-
1α-exos attenuated PAH phenotypes, as indicated reductions in RVSP, RV/BM (Fig. 5B), RV/LV + S
(Fig. 5D), as well as MT% (Fig. 5E) and MA% (Fig. 5F). Taken together, these results indicated that HIF-1α-
exos improved endothelial function both in vitro and in vivo.

Discussion
Pulmonary arterial hypertension (PAH), one type of pulmonary hypertension, is a chronic and progressive
pulmonary vascular disease associated with a high morbidity and mortality [1, 4]. It is well known that the
features of PAH were mainly pulmonary vascular remodeling, including structural and functional
alteration of the smooth muscle cells and endothelial cells and in�ammation [27]. Although the approved
treatments for PAH have been improved, clinical prognosis of patients remain poor [28]. Accumulating
studies have documented that ADSCs were originated from stromal-vascular fragments of adipose tissue
and used for therapeutic application due to its pluripotent differentiation and immune tolerance [6, 10]. In
the present study, we observed that exosomes from ADSCs was able to improve hypoxia-induced PAH by
regulating endothelial cells disorders and in�ammation response. Furthermore, our results suggested that
exosomes from HIF-1α modi�ed ADSCs mediated the inhibition of cell survival and the release of
in�ammatory factors HUVECs-induced by hypoxia. In addition, we found that SIRT3 was required for HIF-
1α-exos-mediated endothelial cells disorders and in�ammation response.

Previous evidence has shown that HIF-1α could promote tissue repair by upregulating the expression of
target genes to increase oxygen delivery to the injured tissue in hypoxia adaptation [18, 29]. Recent study
has shown that HIF-1α-modi�ed ADSCs could recruit an existing endogenous endothelial cell population
to induce angiogenesis in a 3D cell construct in vitro [30]. With the spanking development of exosome
research, an increasing number of researchers are focusing on exosomes as a potential clinical
treatment. Stem cell-derived exosomes provide cell-free therapies as an alternative to traditional stem cell
therapies due to immune rejection, low retention rate, low survival rate, and tumor-causing risk of cell
transplantation of stem cell [31, 32]. Exosomes derived from the HIF-1α modi�ed MSCs enhanced the
angiogenesis to provide cardioprotection in myocardial infarction [33]. In our present study, HIF-1α-
modi�ed ADSCs-derived exosomes ameliorated PAH vascular remodeling, reduce the degree of lung
�brosis and right ventricular hypertrophy in vivo. Then HUVECs were used as a model to explore the
potential molecular mechanisms of exosomes on endothelial cells in vitro. Our present study
demonstrated that HIF-1α-modi�ed ADSCs-derived exosomes could effectively abolished injuries of
HUVECs induced by hypoxia.
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Previous studies have shown that SIRT3 was involved in a wide variety of bene�cial activities, including
anti-oxidation, regulation of energy metabolism, anti-degeneration and anti-tumor activities by
modulating ROS generation [34–36]. Recent study has revealed that SIRT3 was reported to inhibit
Asbestos-induced Pulmonary Fibrosis [37] and SIRT3 was found to play a crucial role in cardioprotective
effects of Resveratrol on RV dysfunction in PAH [38]. It promoted us to detect the expression of SIRT3 in
HUVECs treated with HIF-1α-exos. Our results showed that HIF-1α-exos could upregulated the expression
of SIRT3 in HUVECs under hypoxia state, accompanying with of SDF-1α, Rac1, Rac2 decreased and VEGF
increased. The cell proliferation, apoptosis, tube formation and migration of HUVECs were impeded when
deletion of SIRT3. Other in�ammatory cytokines were signi�cantly reduced after the addition of stem cell-
derived exosomes. The results suggested that the suppression of HIF-1α-exos on PAH pulmonary
vascular remodeling were associated with up-regulation SIRT3 expression.

Conclusion
In summary, the present data indicated that HIF-1α-modi�ed ADSCs-derived exosomes could reduce the
cell injuries and in�ammatory response of HUVECs partly through activating SIRT3 dependent manner,
which might offer the mechanism and theoretical basis of HIF-1α-modi�ed ADSCs-mediated tissue repair
in PAH.
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Figure 1

Characterization of ADSC-derived exosomes. (A) Characterize the stem cell surface markers of ADSCs by
�ow cytometric analysis. (B) The expression of HIF-1α proteins were evaluated by Western blotting
analysis after HIF-1α overexpression in ADSCs. (C) Cell viability was assessed in ADSCs with or without
HIF-1α overexpression by CCK-8. (D) Apoptosis level was assessed in ADSCs with or without HIF-1α
overexpression by CCK-8. (E) Representative images showing the morphology of ADSC-derived exosomes
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by transmission electron microscopy (scale bar = 200 nm). (F) Expression of exosomal markers (CD81
and CD63) examined by western blot analysis.

Figure 2

Effects of exos-HIF-1α on the viability, apoptosis, and tube formation of HUVECs under hypoxia state. (A)
The viability of HUVECs was determined by CCK-8 assay after treatment with Exos-Vector or Exos-HIF-1α
under normoxia or hypoxia state. (B) Apoptosis level was determined in HUVECs treated with Exos-Vector
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or exos-HIF-1α under normoxia or hypoxia state. (C) Tube formation assay in HUVECs treated with Exos-
Vector or Exos-HIF-1α under normoxia or hypoxia state. **P < 0.01.

Figure 3

Exos-HIF-1α promoted HUVECs tube formation and inhibited in�ammatory response under hypoxia state.
(A) Representative images of the Transwell migration assay in HUVECs treated with Exos-Vector or exos-
HIF-1α under normoxia or hypoxia state. (B) The concentration of pro-in�ammatory cytokines (IL-6 and
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MCP-1) in HUVECs supernatant was assayed by ELISA. (C) The concentration of anti-in�ammatory
cytokine (IL-10) in HUVECs supernatant was assayed by ELISA. (D) The concentration of angiogenic
cytokine (VEGFA) in HUVECs supernatant was assayed by ELISA. **P < 0.01.

Figure 4

SIRT3 silencing attenuates hypoxia-induced dysfunction of HUVECs through the SDF-1α/Rac pathway.
(A) Protein levels of SIRT3, SDF-1α, Rac1, Rac2 and VEGF was determined in HUVECs treated with exos-
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HIF-1α under hypoxia state by western blot analysis. (B) Protein levels of SIRT3, SDF-1α, Rac1, Rac2 and
VEGF was determined in SIRT3 knockdown HUVECs treated with exos-HIF-1α under hypoxia state by
western blot analysis. Cell viability (C), cell apoptosis (D), tube formation (E), and cell migration (F) was
detected in SIRT3 knockdown HUVECs treated with exos-HIF-1α under hypoxia state. (G) The
concentration of some molecules related to pro-in�ammatory cytokines (IL-6 and MCP-1), angiogenic
(VEGFA), and anti-in�ammatory (IL-10) were analyzed in SIRT3 knockdown HUVECs treated with exos-
HIF-1α under hypoxia state. *P < .05; **P < .01.
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Figure 5

Exos-HIF-1α reversed pathological progression of hypoxia induced PAH in mouse models. (A)
Quantitative data of right ventricular systolic pressure (RVSP) are presented. (B and D) Quantitative data
of right ventricular hypertrophy index are presented. (C) Representative images of pulmonary arteries
stained with H&E (hematoxylin & eosin; × 100 magni�cation). (E and F) Blinded quantitative analyses of
MT% (E) and MA% (F) of peripheral pulmonary arteries were done using Image-Pro Plus. **P < .01, vs.
Normal group; #P < .05, hypoxia for 4 weeks treated with Exos-Vector or Exos-HIF-1α.


