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A disappointing number of new therapies for pulmonary hypertension (PH) have been successfully translated to the
clinic. Adeno-associated viral (AAV) gene therapy has the potential to treat the underlying pathology of PH, but the
challenge remains in efficient and safe delivery. The aims of this study were (1) to test the efficacy of endobronchial
aerosolization delivery for AAV1-mediated sarcoplasmic/endoplasmic reticulum Ca2+ ATPase 2a (SERCA2a) gene ther-
apy in a PH pig model and (2) to identify the most efficient airway administration modality for in-lung gene therapy in
PH. We hypothesized that delivery to the distal bronchi increases lung viral uptake and avoids virus loss in off-target
compartments. In part 1 of the study, PH was induced in pigs by surgically banding the pulmonary veins. Two months
postsurgery, 1 · 1013 viral genomes (vg) of AAV1.SERCA2a or saline was endobronchially aerosolized using a bron-
choscope. Two months after aerosolization, high vg copies (vgc) were detected in the lungs, accompanied by functional
and morphometrical amelioration of PH. In part 2 of the study, we directly compared the endobronchial aerosolization
gene delivery to the intratracheal aerosolization in PH pigs. Endobronchial delivery demonstrated higher viral expression
(6,719 – 927 vs. 1,444 – 402 vgc/100 ng DNA, p = 0.0017), suggesting this delivery modality is a promising method for
clinical AAV gene therapy for PH.
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INTRODUCTION
CURRENT PHARMACOLOGICAL TREATMENTS for pulmonary

hypertension (PH) aim to restore and maintain a healthy

circulation in the pulmonary capillary bed. While these

improve patient quality of life, none of the existing ther-

apies can cure the disease: the mortality of PH remains

high.1–3 Therapies able not only to ameliorate the symp-

toms but also to reverse vascular remodeling are desper-

ately needed.

Gene therapy has the potential to target disease etiology

and holds evident promise.4 Experimental gene therapy

studies in rodent models demonstrated improvement of

PH.5–7 Despite the encouraging results, a disappointingly

low number of new targets translate to clinical studies:

<3% of the active trials targeting PH are examining such

therapies8 and even fewer demonstrated improved clinical

outcomes.9 In an attempt to address this issue, two major

bottlenecks of the PH gene therapy are encountered: lack

of efficient gene delivery mode to the target tissues and

lack of human-like preclinical models.9 Although the lung

is amenable to localized delivery of therapeutics, innate

obstacles such as airway branching, mucus, lung clear-

ance, and local immunogenic factors make this organ a

challenge for gene therapy.10
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Furthermore, differences in the anatomy and (patho)

physiology between the rodent and human respiratory

systems render the direct translation of rodent lung gene

therapy studies to humans a challenge. Therefore, there is

an imperative need for efficient lung gene delivery meth-

ods and gene therapy studies in clinically relevant animal

models that recapitulate human PH.

Our group previously demonstrated that restoration

of calcium homeostasis through adeno-associated viral

(AAV) vector-mediated overexpression of sarcoplasmic/

endoplasmic reticulum Ca2+ ATPase 2a (SERCA2a) is ben-

eficial for PH in several animal models.5,11–13 We tested

intratracheal and nebulizer gene delivery in previous studies,

but the delivery efficacy, specificity, and safety of these ap-

proaches were not ideal for clinical application. We hy-

pothesized that targeted, localized gene delivery to the distal

bronchi using bronchoscope (endobronchial delivery) max-

imizes viral uptake and improves specificity to the lungs.

MATERIALS AND METHODS
Animals

The study was performed in accordance with the

Guidelines for the Care and Use of Laboratory Animals and

was approved by the Icahn School of Medicine at Mount

Sinai Institutional Animal Care and Use Committee.

Yorkshire pigs were used with starting body weights

of 10–15 kg. To test the feasibility of the endobronchial

aerosolization method, preliminary experiments were per-

formed in healthy male and female pigs. The main study

was performed on female pigs that underwent surgery

to induce PH.

Aim of the study
The aim of the study was (1) to test the applicability

and efficacy of an endobronchially aerosolized AAV1

.SERCA2a gene therapy and (2) to identify the most efficient

in-lung delivery mode for gene therapy in PH. For the sec-

ond aim, we compared the following two delivery methods:

1. Endobronchial delivery: aerosolization of an AAV

vector using a sprayer (Olympus PW-6C-1), which

was advanced through the working channel of a flex-

ible bronchoscope. The vector was directly admin-

istered to the peripheral bronchi.

2. Intratracheal delivery: aerosolization using a rigid

Microsprayer (Penn Century Inc.), which was advan-

ced through the endotracheal tube. The vector was

administered mid-tracheal, proximal to the carina.

Study design
Figure 1 illustrates the study design. In part 1 of the

study, a total of 12 animals were included. Ten animals

underwent pulmonary vein banding to induce PH. Two

healthy pigs were used as sham, which underwent all

procedures but pulmonary vein banding. At the beginning

of the study, the pigs underwent a clinical screening and

baseline cardiac measurements using echocardiography

and Swan-Ganz catheter. Blood was withdrawn to screen

for neutralizing antibodies against AAV1. After baseline

measurements, pigs underwent surgery for PH induction.

Two months after the surgery, animals developed PH as

evidenced by increased mean pulmonary arterial (PA)

pressure consistent with our previous studies.11

In our experience, animals that develop severe PH in the

first 6–8 weeks have a significantly high mortality in the next

few weeks (before expected gene expression using single-

stranded AAV), associated with progressive and rapid de-

velopment of right heart failure. Consequently, the exclusion

criterion for the study was a mean PA pressure >40 mmHg

before therapy randomization. Three animals met this crite-

rion and were excluded from the main study. The random-

ization of the remaining AAV1.SERCA2a or saline group

was done based on the antibody titers. Four pigs received

1 · 1013 viral genomes (vg) of AAV1.SERCA2a and three

pigs received saline, which were administered using

endobronchial delivery.

For part 2 of the study, a total of seven PH-diseased pigs

that underwent intratracheal AAV1.SERCA2a aerosol-

ization (1 · 1013 vg) using a metal sprayer were included.

These animals underwent the same experimental protocol,

with similar inclusion and randomization criteria, includ-

ing the AAV1 neutralizing antibody screening. The

functional efficacy of this gene therapeutic approach has

been previously reported.11

Other specific methods are provided in Supplemental

Data.

Statistics
Statistical analysis was performed with GraphPad

Prism, version 9.0.2. Data are expressed as means unless

otherwise stated. Data distribution was assessed using the

D’Agostino Pearson and Shapiro–Wilk tests for normality.

The t-test (for Gaussian distribution) or Mann–Whitney

test (for non-Gaussian distribution) was used to assess

differences between two groups. Differences among mul-

tiple means were assessed using analysis of variance

(ANOVA) with the Tukey post-test for Gaussian distri-

bution. For vascular remodeling analysis, Kolmogorov–

Smirnov test was used to compare difference in distribution

between the groups. For measurements over time, the

repeated-measures ANOVA with Tukey post hoc test was

used. The p-values <0.05 were considered significant.

RESULTS
Endobronchial aerosolization
of AAV1.SERCA2a leads to robust lung viral
uptake

We first performed preliminary experiments in healthy

animals to test the hypothesis that endobronchial aero-

solization using a flexible bronchoscope is an effective
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mode of lung targeting delivery. Evans Blue (1%) was

injected as a reporter dye into the middle and lower lung

lobes. In the postmortem lung examination, injected

lobes were colored an intense blue. The upper non-

injected lung lobes had little color deposition, indicating

that uptake was mainly in the targeted areas (Supple-

mentary Fig. S1).

Next, to test the AAV uptake of the endobronchial

delivery, we injected a healthy animal with an AAV1

vector at the same dose as we intended for the main study

(1 · 1013 vg). Four weeks after injection, high viral ge-

nome copies (vgc) were detected in the injected areas

(Supplementary Table S1). The pig was healthy, and the

functional cardiac measurements were normal.

After these preliminary experiments, we proceeded

to the main therapeutic study using diseased animals. The

primary endpoint of the study was the detection of quan-

tifiable vgc in the PH-diseased lungs. To assess the pri-

mary endpoint, we divided the pig lungs into 17 regions

based on the bronchi architecture (Fig. 2A). We determined

a high viral uptake in the injected regions with moderate

heterogeneity (Fig. 2B). Lack of clear correlation between

Figure 1. Study design. (A) The part 1 of the study aimed to assess the applicability, efficacy, and safety of endobronchial aerosolization of AAV1.SERCA2a.
PH was surgically induced by PV banding in 10–15 kg pigs. Two months later, the animals were randomized based on the AAV1 neutralizing antibody titer:
animals with low antibody titer were enrolled in the SERCA2a therapy arm (AAV1.SERCA2a, n = 4), while pigs with high antibody titer received saline (n = 3). The
delivery was done using a flexible bronchoscope and a sprayer for aerosolization. Two months after injection, the animals underwent functional evaluation and
tissues were harvested. One pig died 1 month after AAV1.SERCA2a therapy likely due to nontherapy-related issue and was excluded from the functional
analysis. Echocardiography and right heart catheterization were performed at all 3 time points. Pressure-volume loops were acquired at the 4-month time point.
(B) The part 2 of the study was aimed at assessing the most efficient delivery mode for in-lung gene therapy. The lung tissues from animals in the prior study,11

which received intratracheal AAV1.SERCA2a, were used (n = 7). Other than the delivery method, the same experimental protocol was used. AAV1.SERCA2a was
aerosolized intratracheally using a metal sprayer, advanced through the endotracheal tube. The stiff metal composition of the sprayer precluded further
advancements to bronchi. AAV, adeno-associated viral; PH, pulmonary hypertension; PV, pulmonary vein.
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the proximal and distal lung viral uptake suggests more

focused uptake of vectors in the target region. As expected,

the lungs of saline-injected animals had vgc below the de-

tection range of quantitative polymerase chain reaction

(qPCR).

One animal died unexpectedly 1 month after the virus

delivery. Necropsy by an animal pathologist identified an

acute necrotizing hemorrhagic pneumonitis, most likely as

a result of gastric acid regurgitation and aspiration that

occurred near the time of death.

Although no functional measurements could be per-

formed for this animal, we collected cardiac and lung

tissues and quantified the vgc. Since the AAV is known

to persist over time in the tissues, including the lungs,14 we

do not assume a significant difference in the amount of

virus in the lung between 1 and 2 months after injection.

Indeed, the results were similar to the other injected ani-

mals, exhibiting high vgc in the injected lung areas.

Previous studies showed discrepancies between viral

uptake and transgene expression in a large animal

model.15 To determine if viral uptake indeed resulted

in efficacious gene transduction, we isolated RNA and

quantified hSERCA2a messenger RNA (mRNA) in the

same lung areas that we examined for the vgc. SERCA2a-

treated animals exhibited a significantly higher hSERCA2a

mRNA compared to the saline-injected pigs (Fig. 2C).

Figure 2. Regional deposition of AAV1.SERCA2a in the lungs. (A) The lung of each endobronchially treated pig was removed and divided into 17 regions. The
numbers indicate the locations from where the samples were taken for molecular and histological analyses. Region 17 (not included in the top image) is the
accessory lobe that is common in pigs. The figure was adapted from Ref.31 and modified. (B) Quantitative analysis of vgc in DNA extracted from the lung
regions from 4 pigs. (C) Quantitative analysis of hSERCA2a mRNA in real-time qPCR (n = 6 for saline-treated and n = 11 for AAV1.SERCA2a-treated lung tissue
areas). Data are mean – SEM, and individual values were analyzed using the Mann–Whitey test. **p < 0.01. mRNA, messenger RNA; qPCR, quantitative
polymerase chain reaction; SEM, standard error of the mean; vgc, viral genome copies.
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Endobronchial AAV1.SERCA2a gene therapy
ameliorates PH in a pig model

The aforementioned results confirmed the hypothesis

that endobronchial delivery of AAV1.SERCA2a leads to

efficient viral uptake in the diseased lung. To examine if this

expression led to improved function as we demonstrated in

previous studies,11,13 we analyzed echocardiographic and

hemodynamic data at baseline, before AAV/saline delivery,

and 2 months after treatment. Right ventricular (RV)

pressure-volume measurements were acquired in the ter-

minal study. As expected, pulmonary vein banding led to a

significantly elevated mean PA pressure (9.2 – 0.9 vs.

24 – 1.0 mmHg, p < 0.0001 baseline vs. 2 months).

Two months after intervention (AAV1.SERCA2a or

saline aerosolization), pigs in the AAV1.SERCA2a-treated

group exhibited an amelioration of the mean PA pressure

(Fig. 3A) together with lower pulmonary vascular resis-

tance index (Fig. 3B). Invasively measured pressure-

volume loops revealed lower RV systolic pressure, higher

preload recruitable stroke work, and steeper end-systolic

pressure-volume relationship after AAV1.SERCA2a

treatment compared to the saline treatment, indicating

prevention of RV dysfunction. This was accompanied

by the maintained ventriculo-arterial coupling (Fig. 4B),

an important prognostic parameter in PH.

In addition, Tau½ as a relaxation parameter was shorter

in the AAV1.SERCA2a-treated animals compared to the

saline-treated animals (Fig. 4B). Although the trend and

degree of benefit seemed similar to our prior study,11 this

study was underpowered to draw statistical significance

in majority of these functional parameters. We there-

fore combined these data with our previous study and

the results exhibited consistent benefit in the functional

parameters after AAV1.SERCA2a gene therapy (Sup-

plementary Fig. S2). Similarly, average RV weight was

numerically smaller (Supplementary Fig. S3).

No obvious side effect was noticed in any of the treated

animals, except for the one pig that died due to gastric

regurgitation. One animal in the AAV1.SERCA2a group

exhibited only a moderate effect on the PA pressure and

RV function. This animal received the AAV only in the

lower lobes due to the technical difficulty during delivery

and the vgc result was consistent with the injection profile.

We assume that the lower and nonhomogenous expression

of AAV1.SERCA2a affected the functional efficacy of the

aerosolized gene therapy. Functional benefit of AAV1

.SERCA2a gene therapy on PH and RV has been previ-

ously shown in both rodent and large animal studies.5,11,13

Since our primary endpoint was met, and for economic

and ethical reasons, we rationalized that no more animal

inclusion was needed in this direction.

To assess whether the functional effect of the endo-

bronchial therapy was accompanied by changes in vas-

cular remodeling, we performed histological analysis.

Media-to-lumen ratio was increased in PH pigs compared

to the sham animals, but the distribution showed increased

percentage of vasculatures with higher media-to-lumen

ratio in pigs treated with saline (median 6.9) compared

to the AAV1.SERCA2a (median 5.6, p = 0.04) (Fig. 5).

Endobronchial aerosolization leads to more
efficient viral uptake compared to
intratracheal aerosolization in PH-diseased
lungs

To determine the optimal delivery mode to the lungs

for future translational and clinical PH gene therapy studies,

Figure 3. Evolution of pulmonary pressure and pulmonary vascular
resistance index in saline and AAV1.SERCA2a-treated PH pigs. (A) Mean PA
pressure measured by Swan-Ganz catheter. (B) Pulmonary vascular resis-
tance index calculated as (mPA pressure – pulmonary capillary wedge
pressure)/(cardiac output) · (body surface area). Data are mean – SEM.
Change over time was evaluated by repeated-measures ANOVA with Tukey
post hoc test. *p < 0.05, **p < 0.01. ANOVA, analysis of variance; PA, pul-
monary arterial; PVRI, pulmonary vascular resistance index; WU, wood units.

554 BIKOU ET AL.



we compared the pulmonary vector uptake of two in-lung

aerosolization delivery modes: the endobronchial aerosol-

ization method using a sprayer in a flexible bronchoscope

versus the previously tested intratracheal aerosolization

using a rigid metal sprayer11 (Fig. 1B). We compared the

amount of vgc in four different lung parts using these two

methods. We found significantly higher vgc in the lungs of

endobronchially aerosolized animals compared to in-

tratracheal aerosolization (Fig. 6; 6,719 – 927 vs.

1,444 – 402 vgc/100 ng DNA, p = 0.0017).

Part of our working hypothesis was that targeted delivery

has the advantage of avoiding virus loss in third compart-

ments, such as the trachea. To examine this, we quantified

the vgc in the trachea of all AAV1.SERCA2a-treated ani-

mals. Three out of seven animals in the intratracheal de-

livery group showed detectable vgc in the proximal trachea

(Supplementary Table S2). All the endobronchial treated

pigs exhibited vgc below the detection level.

DISCUSSION

This study demonstrates the clinical applicability,

safety, and efficacy of endobronchial AAV1.SERCA2a

gene therapy in a pig model of PH. In recent years, a

Figure 4. RV function indices in saline and AAV1.SERCA2a-treated pigs. RV function was invasively assessed using pressure-volume relation-
ship. (A) Representative pressure-volume loops during transient inferior vena cava occlusion. (B) Load insensitive indices of RV systolic function and Tau½
were all indicative of better RV function in AAV1.SERCA2a-treated pigs. Data are mean – SEM. *p < 0.05. Ea, effective arterial elastance; Ees, end-systolic
elastance; ESPVR, end-systolic pressure-volume relationship; PRSW, preload recruitable stroke work; RV, right ventricular.
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number of gene therapy targets have demonstrated benefi-

cial effects in experimental PH models.6,7,16 The majority

of these studies have been performed in vitro and in rodent

PH models.17 While these proof-of-concept studies are es-

sential, preclinical applications in large animal models,

which more closely resemble the human pulmonary and

cardiovascular system, bring clinical relevance.18,19

Large animal studies in the PH field denote a high degree

of complexity, due to the severity of the models, the long

observation period, and the high mortality, similar to hu-

mans. Nevertheless, we anticipate that large animal studies

like the one presented here, aimed to test the efficacy along

with the clinical applicability and pinpoint the optimal de-

livery method, are essential before clinical translation.

Accordingly, we systematically compared the effi-

ciency of the currently available in-lung aerosolization

delivery modes: the intratracheal delivery using a rigid

sprayer versus the endobronchial delivery using a sprayer

inserted in a flexible bronchoscope. Both delivery modes

have been successfully used in previous studies in healthy

humans and patients with cystic fibrosis.20,21 The metal

sprayer used in the intratracheal delivery has also been

used in healthy primates,15,22–24 mainly with the purpose

of studying its therapeutic potential for cystic fibrosis.

To our knowledge, such a comparison has not been

performed either in healthy or diseased large animals for

in-lung AAV gene delivery. The use of PH-diseased large

animals is of clinical relevance, since the efficacy of the

delivery method is expected to differ in healthy and PH-

diseased individuals, due to various factors such as cel-

lular milieu or inflammatory reaction.

It is of note that disease pathology affects these lung

conditions and our results might not apply to other classes

of PH such as idiopathic pulmonary arterial hypertension,

which accompanies more immune responses. Lack of a

large animal model that mimics other PH phenotypes is a

limitation of the field. Nevertheless, we believe our results

offer clinically useful information, since PH due to left

heart disease categorizes the most common forms of

clinical PH and some of them are known to have advanced

pulmonary vascular remodeling.25

In an effort to bridge basic and translational research,

our laboratory has tested AAV1.SERCA2a gene therapy

in Yorkshire pig11 and mini pig13 PH models. The ratio-

nale behind these large animal studies was based on

long-standing evidence that overexpression of SERCA2a

inhibits proliferation of vascular smooth muscle cells

leading to amelioration of PH.5,12 In our previous studies,

Figure 5. Morphometrical analysis of the pulmonary vasculature in sham animals and PH-diseased pigs endobronchially treated with aerosolized saline or
AAV1.SERCA2a. (A) Representative lung images stained with hematoxylin and eosin from (A) sham, (B) PH-diseased pig treated with aerosolized saline, and
(C) PH-diseased pig treated with aerosolized AAV1.SERCA2a. Scale bar = 100 lm. (D) Distribution of media/lumen ratio with nonlinear fit curves (Gaussian fit)
suggested less vascular wall thickening in the AAV1.SERCA2a-treated group compared to saline control. An average of 40 vasculatures was assessed per
animal.
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AAV1.SERCA2a was delivered either intratracheally11 or

using a nebulizer in circuit with the endotracheal tube.13

Both methods successfully ameliorated PH. However,

the translation of these delivery modes to human PH

remained problematic.

In this study, we demonstrated that endobronchial de-

livery results in superior vector uptake (Fig. 6) and im-

proved lung specificity compared to the intratracheal

delivery. Endobronchial delivery also improved safety,

because the delivery tools are more flexible compared to

the metal sprayer and it allows direct visualization of de-

livery during AAV administration.

While the nebulizer has the advantage of being a non-

invasive method, vector uptake in the oral cavity and

the upper airways diminishes the amount of vector that

reaches the target, diseased pulmonary vasculature.15 To

account for this loss, a higher dose of AAV1.SERCA2a

(5 · 1013 vg, as opposed to 1 · 1013 vg in our study) was

required in the nebulizer study.13 Furthermore, the amount

of virus that will be exhaled during or after the nebuliza-

tion procedure is expected to be higher than in-lung

delivery methods. Although often neglected in preclinical

studies, associated consequences both for the patients’

family environment and health care personnel are impor-

tant safety concerns.19

The important concept underlying our study is the

delivery efficiency, which can be defined as the ability to

obtain the best possible results with the minimum waste of

resources.26 In the case of pulmonary gene therapy, the

disadvantages of an inefficient gene delivery are (1) sys-

temic uptake and the associated off-target effects, (2) side

effects associated with high-dose AAV therapy, and (3)

increased vector cost.

Importantly, adverse clinical events due to high-dose

AAV have been recently reported in multiple clinical

studies, while the low-dose cohorts showed clinical im-

provement and no severe undesired effect.27,28 These

clinical incidences highlight the importance of improving

vector uptake and minimizing off-target distribution,

namely, to improve the delivery efficiency, to ensure

safety of AAV gene therapy. Our data suggest that en-

dobronchial gene delivery offers high delivery efficiency

relative to other airway delivery methods.

For part 1 of the study, we used AAV1.SERCA2a in

diseased PH pigs. The primary endpoint of the study was

met: the injected areas exhibited a high viral uptake, as

measured by the vgc in DNA from lung tissues (Fig. 2). In

addition to vgc detection, we demonstrated increased

hSERCA2a mRNA expression. Demonstrating trans-

gene mRNA expression is important because it directly

leads to therapeutic efficacy. Reporter genes also provide

information on distribution, but actual safety needs to

be demonstrated using the therapeutic gene for clinical

translation.

Functional measurements revealed an amelioration of the

mean PA pressure and the pulmonary vascular resistance

(Fig. 3), key parameters, which are used for the hemody-

namic definition of PH. The increase in the RV afterload was

associated with RV dysfunction in the pig PH model, which

was ameliorated by AAV1.SERCA2a treatment (Fig. 4). The

ventriculo-arterial coupling, as assessed invasively, was

maintained in the AAV1.SERCA2a-treated pigs, whereas it

fell below 0.5, a sign of decompensation in our previous

studies.29 This index has been proven as an important

prognostic factor for PH mortality.27

In addition, although the main study was underpow-

ered, combining these data with the previous study indi-

cated a clear signal in functional efficacy. Morphometrical

analysis of the pulmonary vasculature revealed increa-

sed media thickness and obliteration of small vessels in

Figure 6. Vgc in the lungs of PH pigs, treated by endobronchial or
intratracheal with AAV1.SERCA2a. The vgc were quantified with qPCR in
DNA extracted from several regions in the pig lungs. (A) Vgc in four dif-
ferent lung segments (UR: upper right, LR: lower right, UL: upper left, LL:
lower left). Four pigs in endobronchial delivery and seven pigs in in-
tratrachial delivery were analyzed. (B) Vgc in the lungs of endobronchial
and intratracheal treated animals. Data are mean – SEM and individual
values were analyzed using the Mann–Whitey test. **p < 0.01. Br, en-
dobronchial; itt, intratracheal.
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PH-diseased pigs, consistent with previous studies.11,30

Meanwhile, AAV1.SERCA2a gene therapy ameliorated

the vascular remodeling (Fig. 5). In total, these findings

strengthen our prior evidence for the beneficial effect of

intra-airway AAV1.SERCA2a gene therapy in PH5,11,13

and demonstrate efficacy and safety of the endobronchial

delivery method.

Study limitations
Although the endobronchial aerosolized delivery led to

an efficient virus uptake, it is important to keep in mind

that the study was performed in ventilated animals. Given

the technical difficulties of bronchoscopy in nonsedated

animals, this is a parameter that needs to be addressed in

future clinical studies.

The endobronchial aerosolization study was under-

powered for assessing the functional efficacy of the

AAV1.SERCA2a endobronchial gene therapy. Based

on the mean and standard deviation of mean PA

pressure, sample size calculation returned 12 animals

per group to achieve statistical significance at 80%

power and an alpha of 0.05. Given that SERCA2a

overexpression has already been proven beneficial in

previous animal studies and the primary endpoint of

this study was met, we decided not to include addi-

tional animals.

CONCLUSIONS

This study is the first to demonstrate that endobronchial

AAV1.SERCA2a aerosolization in diseased PH pigs leads

to efficient virus uptake and ameliorates PH progression

and RV failure. A direct comparison between in-lung

delivery methods showed that endobronchial aerosol-

ization is more efficient for AAV uptake compared to

intratracheal aerosolization. There was minimal virus

uptake in third compartments with the endobronchial

delivery and we anticipate these results indicate that

endobronchial delivery method might address the delivery

bottleneck for PH gene therapy.
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