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The local delivery of antiproliferative agents to inhibit neointi-
mal growth is not specific to vascular smooth muscle cells
(VSMC) and delays reendothelialization and vascular healing.
This investigation was intended to evaluate the effect of
luminal delivery of a VSMC-specific aptamer on endothelial
healing. The impact of an RNA aptamer (Apt 14) was first
examined on the migration and proliferation of primary
cultured porcine aortic endothelial cells (ECs) in response to
in vitro scratch wound injury. We further evaluated the impact
of Apt 14 on reendothelialization when delivered locally in a
swine iliofemoral injury model. Although Apt 14 did not affect
EC migration and proliferation, in vitro results confirmed that
paclitaxel significantly inhibited EC migration and prolifera-
tion. En face scanning electron microscopy demonstrated
confluent endothelium with elongated EC morphology in Apt
14-treated arteries 14 and 28 days post-treatment. In contrast,
vessels treated with paclitaxel-coated balloons displayed a
cobblestone morphology and significant platelet and fibrin
attachment at cell junctions. These results provide the first
evidence of the efficacy of a cell-targeted RNA aptamer to facil-
itate endothelial healing in a clinically relevant large animal
model.

INTRODUCTION
Peripheral arterial disease (PAD), which costs the United States
greater than $20 billion annually, affects more than eight million peo-
ple.1 The major challenge with PAD is that current treatment options
often fail, thus necessitating for repeat surgeries or interventional pro-
cedures.2–5 Percutaneous interventions, including stenting and
balloon angioplasty, are the preferred choice to treat patients with
PAD, as they offer reduced mortality, morbidity, and length of hospi-
tal stay compared to surgery.6,7 However, a larger number of inter-
ventional treatments fail within 2 years, with 50%–85% of patients
developing significant restenosis and 16%–65% of targeted vessels
occulding.5,8 The use of antiproliferative drugs in combination with
bare-metal stents (BMSs), that is, drug-eluting stents (DESs), has
been a major breakthrough in the treatment of patients with coronary
artery disease.9,10 However, stents perform poorly in treating patients
with PAD. Metallic stents are subjected to both mechanical stress and
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severe deformation given that the arteries in the periphery twist, bend,
and shorten. This leads to frequent stent fractures (up to 68%) and
restenosis rates.11 In addition, drugs eluted from stents are con-
strained by the platform design and deliver drugs to only <20% of
the arterial surface.12

Newer technologies have emerged to overcome the limitations of
stents. Drug-coated balloons (DCBs) provide an alternative thera-
peutic approach to treat patients with PAD and allow intervention-
alists the ability to “leave nothing behind,” preserving future treat-
ment options. However, clinical results have been inconsistent,
with recent studies showing safety concerns and an increased risk
for death and amputations in patients treated with paclitaxel-coated
balloons.13

Although PAD delivery platforms have changed significantly over
the past decade, PAD therapeutic drugs have not. All DESs and
DCBs are designed to deliver the antiproliferative agent paclitaxel
or a limus (e.g., sirolimus, everolimus, zotarolimus) to the luminal
surface to inhibit restenosis. However, studies have shown that
the nonspecific effects of these antimitotic drugs adversely affect
endothelial cells (ECs), impairing reendothelialization and leading
to late stent thrombosis and death.14,15 Therefore the goal of this
study was to investigate a cell-specific therapeutic alternative that
can overcome the nonspecific effects of the current antimitotic
drugs. We previously identified a vascular smooth muscle cell
(VSMC)-targeted RNA aptamer (Apt 14) that attenuated neointimal
formation in a mouse carotid injury model.16 Furthermore, we
showed that Apt 14 delivered intraluminally inhibited neointimal
growth in a clinically relevant swine iliofemoral injury model.17 In
this study, we extended these findings to test the ability of Apt 14
to facilitate vascular healing in a clinically relevant swine model
of PAD.
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Figure 1. Effects of paclitaxel (PTX) and RNA aptamer

Apt 14 on porcine aortic smooth muscle cell (SMC)

migration

Cells were cultured to confluence followed by two days of

serum starvation, subjected to scratch wound injury, and

treated with fetal bovine serum (FBS; 5%) (A) or platelet-

derived growth factor-BB (PDGF; 5 ng/mL) (C) following

PTX (1–1,000 nM) or with Apt 14 (200 nM) following PDGF

(5 ng/mL) (E). Migration was assessed on the basis of

wound confluence using the IncuCyte S3 system. (B, D,

and F) Representative cell-phase images show wound

confluence at 0 and 22 h after FBS or PDGF exposure.

The initial scratch wound and scratch wound areas are

masked in blue and yellow, respectively. Migration data

were analyzed using two-way ANOVA and repeated

measures with Bonferroni post-tests. *p < 0.05 and

**p < 0.01 vs. FBS or PDGF; #p < 0.05 and ##p < 0.01 vs.

vehicle.
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RESULTS
In vitro comparison of paclitaxel and Apt 14 in swine ECs

We first tested the effective dose range of paclitaxel for swine smooth
muscle cell (SMC) migration in response to fetal bovine serum (FBS)
and platelet-derived growth factor-BB (PDGF). As shown in Figure 1,
paclitaxel significantly reduced the migration of FBS-stimulated
(Figures 1A and 1B) and PDGF-stimulated (Figures 1C and 1D)
SMCs at doses R100 nM. In addition, consistent with our previous
report,17 RNA aptamer Apt 14 significantly inhibited PDGF-medi-
ated SMC migration, similar to the effectiveness of 100 nM paclitaxel
(Figures 1C and 1E) (wound confluence at 22 h: Apt 14-PDGF,
12.68% ± 1.18%; PDGF-paclitaxel, 15.30% ± 0.79%).

To assess the effect of paclitaxel and Apt 14 RNA aptamer on EC
function, we first evaluated their effect using an in vitro aortic EC
migration assay using the same doses tested in aortic SMCs (Figure 1).
It is worth noting that ECs had a higher migration rate under unsti-
mulated (vehicle) conditions than SMCs (35% vs. 7% at 22 h). FBS
induced further EC migration (Figures 2A and 2B), whereas PDGF
did not (Figures 2C and 2D). Paclitaxel (1–1,000 nM) prevented
FBS-mediated EC migration (Figures 2A and 2B). Paclitaxel also
blunted unstimulated (vehicle) EC migration in a dose-dependent
manner, with significant inhibition observed at a dose of 1 nM
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(Figures 2E and 2F). These data suggest that
paclitaxel is more effective in preventing EC
migration than SMC migration (inhibition start-
ing dose of 1 vs. 100 nM). In contrast, despite its
ability to inhibit SMC migration, Apt 14
(200 nM) had no effect on EC migration
(Figure 3).

The effects of paclitaxel and Apt 14 on EC pro-
liferation were also examined. As shown in Fig-
ure 4, FBS (2%) promoted cell proliferation
(Figures 4A and 4D), whereas PDGF had no
effect on the cell number after 3 days of incubation (Figure 4B).
Paclitaxel inhibited serum-mediated proliferation in a dose-depen-
dent manner (Figure 4A). In addition, incubation with higher
concentrations of paclitaxel (100 nM or above) decreased cell
counts compared with those in the vehicle group, indicating its
cytotoxicity to ECs. However, Apt 14 did not affect EC proliferation
(Figure 4C).

In vivo comparison of paclitaxel versus Apt 14 on

reendothelialization

To evaluate the effect on vascular healing (reendothelialization), we
delivered paclitaxel-coated balloons and Apt 14 to balloon-injured
swine iliofemoral arteries using a local liquid delivery (perfusion)
catheter (Figure 5). We previously showed that the perfusion catheter
can effectively deliver Apt 14 to the vessel wall18 and that Apt 14
attenuates neointimal formation in swine femoral arteries.17 The
DCB- and Apt 14-treated arteries were harvested at 14 and 28 days
after treatment, with no evidence of thrombosis or dissection at the
target site. En face scanning electron microscopy at 14 days demon-
strated a confluent endothelium with an elongated EC morphology
in the control saline- and Apt 14-treated arteries. In contrast, vessels
treated with DCBs displayed cobblestone morphology, indicative of
an immature endothelium. Additionally, there was significantly



Figure 2. Effect of paclitaxel (PTX) on porcine aortic

endothelial cell migration

Cells were deprived of serum for two days and then sub-

jected to scratch wound injury and treatment. Migration

was assessed on the basis of wound confluence using the

IncuCyte S3 system. Cells were treated with fetal bovine

serum (FBS; 2%) (A) or platelet-derived growth factor-BB

(PDGF; 5 ng/mL) (C) following PTX (1–1,000 nM) or PTX

alone (E). (B, D, and F) Representative cell-phase images

showing wound confluence at 0 and 22 h after treatment.

The initial scratch wound and scratch wound areas are

masked in blue and yellow, respectively. Data were

analyzed using two-way ANOVA and repeated measures

with Bonferroni post-tests. *p < 0.05 and **p < 0.01 vs.

FBS or PDGF; #p < 0.05 and ##p < 0.01 vs. vehicle.
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greater EC coverage in the control saline- and Apt 14-treated arteries
than in the DCB-treated vessels (EC coverage at 14 days: Apt 14,
99.57% ± 0.14%; saline, 99.88% ± 0.03%; DCB, 94.20% ± 0.86%;
p < 0.001). At 28 days, the endothelium of the control saline- and
Apt 14-treated arteries maintained their confluency, while the
luminal surface in the DCB-treated arteries showed significant
platelet and fibrin attachment at cell junctions, consistent with an
immature, dysfunctional endothelium (Figure 6) (EC coverage at
28 days: Apt 14, 99.58% ± 0.07%; saline, 98.88% ± 0.34%; DCB,
72.89% ± 1.57%; p < 0.001).

DISCUSSION
We report the first evidence of cell-targeted delivery of a synthetic
RNA ligand to accelerate endothelial healing in a large clinically
relevant vascular disease model. This study confirmed that Apt 14
had no impact on FBS- or PDGF-stimulated swine ECs, whereas
paclitaxel inhibited migration and proliferation. Furthermore, the
local delivery of Apt 14 in vivo using an endovascular approach
had no impact on endothelial regrowth in a clinically relevant pre-
clinical model.
Molecular Th
The native vascular endothelium performs
many functions to maintain a healthy patent
circulatory system. ECs produce many mole-
cules with antithrombotic properties tissue fac-
tor pathway inhibitors, nitric oxide, prostacy-
clin, thrombomodulin, tissue and heparin-like
molecules.19 The endothelium also produces
procoagulant factors and vasoconstrictive sub-
stances, including reactive oxygen species, plas-
minogen activator inhibitor-1, endothelin,
prostaglandin H2, TXA2, angiotensin II, and
endothelium-derived cyclo-oxygenase-depen-
dent vasoconstricting factor. In addition, a
healthy confluent endothelial layer inhibits
the proliferation and migration of the underly-
ing SMCs, playing a vital role in the quiescence
of the medial layer. Therefore, disruptions in
healthy endothelial function prompt the initia-
tion and progression of atherosclerosis, leading to vascular
obstruction.19

The current preferred method for treating patients with occlusive car-
diovascular disease is the endovascular approach, either using a balloon
or a stent. DCBs andDESs deliver either paclitaxel or limus drugs to the
luminal surface of the target artery. Currently, paclitaxel is the drug of
choice for the treatment of patients with PAD. Paclitaxel, a mitotic in-
hibitor that stabilizesmicrotubules andprevents cell division, is not spe-
cific toVSMCsand thus targets all proliferating cells, includingECs.20,21

Previous studies on coronary stents have suggested that both paclitaxel
and sirolimus-eluting stents demonstratedelayed arterial healing,with a
lack of complete endothelial recovery, leading to thrombotic events.15,22

In addition, arteries treated with eluted drugs are more prone to poorly
formed cell junctions with small platelet aggregations on their endothe-
lial surface compared with non-coated BMS.23

In this study, we investigated Apt 14, a synthetic RNA ligand with se-
lective VSMC binding and internalization.16 We previously showed
that Apt 14 RNA ligand functions as a smart drug by inhibiting the
erapy: Nucleic Acids Vol. 34 December 2023 3

http://www.moleculartherapy.org


Figure 3. Effect of Apt 14 on porcine aortic endothelial

cell migration

Cells were serum starved for 2 days, subjected to scratch

wound injury, and treated with Apt 14 (200 nM) alone (A) or

with Apt 14 followed by platelet-derived growth factor-BB

(PDGF; 5 ng/mL) (C). The wound confluence was calculated

using the IncuCyte S3 system. (B and D) Representative cell-

phase images showing wound confluence at 0 and 22 h

after treatment. The initial scratch wound and scratch

wound areas are masked in blue and yellow, respectively.

Migration data were analyzed using two-way ANOVA and

repeated measures, with Bonferroni post hoc tests.
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activation of phosphatidylinositol 3-kinase/protein kinase-B (P13K/
Akt).16 Here we showed that Apt 14 had no impact on the prolifera-
tion or migration of PDGF-stimulated swine ECs, whereas paclitaxel
inhibited both the proliferation and migration of ECs. To further
evaluate the effect of Apt 14 on the endothelium, we used a clinically
relevant large animal model. Previously, we showed successful deliv-
ery of the aptamer using a liquid delivery catheter in an ex vivo swine
artery model.18 In addition, we demonstrated that Apt 14 inhibited
vascular remodeling and neointimal growth in a swine iliofemoral
injury model.17

For our experiments, a preclinical reendothelialization animal model
was used, as it has been shown to provide insights into the impact of
endovascular drug delivery devices on reendothelialization and
vascular healing.23 Most of these studies focused on traditional anti-
proliferative drugs, such as paclitaxel and limus-based drugs coated
onto stent platforms, and have demonstrated that both drugs inhibit
or delay reendothelialization, compared with non-drug-coated con-
trols.24,25 Herein, we compared endothelial recovery after intralumi-
nal delivery of Apt 14 to a paclitaxel-coated balloon, a currently used
treatment option for PAD. No additional controls were used, given
that our previous studies demonstrated that only Apt 14 is retained
within the wall and inhibits neointimal growth compared with
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nonspecific aptamers.17,18 Electron microscopic
analysis revealed that at 14 days, Apt 14-treated
arteries demonstrated a confluent, elongated
endothelium, whereas DCB-treated arteries
showed areas of incomplete reendothelialization
with a cobblestone morphology, indicating an
immature endothelium. At 28 days, Apt 14-
treated arteries continued to show complete reen-
dothelialization, while the luminal surface in
DCB-treated arteries showed platelet/fibrin
attachment at the junctions, indicating immature
and dysfunctional endothelium. These data
confirm faster and more complete EC healing in
Apt 14-treated arteries than in DCB-treated ves-
sels, which is the current standard of care.

As previously mentioned, the goals of this study
were to confirmthatApt 14hadno impact onendo-
thelial regrowth and to compare vascular healing with the current gold
standard, paclitaxel-coated balloons. Our results showed that Apt 14
delivery did not affect endothelial regrowth, whereas arteries treated
with paclitaxel-coated balloons showed platelet and fibrin deposition
at the endothelial junctions, which has not been demonstrated previ-
ously. We attribute these results to the selectivity of the aptamer to
SMCs, which maintain EC function and reendothelialization (i.e., heal-
ing) of the artery. Antiproliferative drugs such as paclitaxel are cyto-
toxic, altering the natural healing process and triggering secondary in-
flammatory reactions.26 Additionally, the endovascular approach of
Apt 14 delivers liquid therapy directly to the medial wall, which differs
from theDCB technique, inwhichpaclitaxel is deposited on the luminal
surface. Inparticular, as these platformsuse the crystalline formofpacli-
taxel, the antiproliferative drugmaynot be bioavailable (i.e., solubilized)
for uptake by VSMCs for days, weeks, or months and thus can disrupt
the natural reendothelialization process.

Although our results demonstrated the successful delivery of Apt 14
and endothelial regrowth, the study was limited to using healthy
(non-diseased) arteries. The therapy will need to be evaluated in
arteries more similar to diseased human lesions, which are more com-
plex and often include fibrosis and a necrotic core with calcification or
hemorrhage. Additionally, severe diseased lesions require de-bulking



Figure 4. Effects of paclitaxel (PTX) and Apt 14 on porcine aortic endothelial cell proliferation

Cells were treated for 3 days with fetal bovine serum (FBS; 2%) (A) or platelet-derived growth factor-BB (PDGF; 10 ng/mL) (B) following PTX (1–1,000 nM) or Apt 14 (200 nM)

(C). Propidium iodide (PI) nucleic acid stain-labeled nuclei were used for cell counting. (D) Representative images of PI-positive nuclei 3 days after treatment. Data were

analyzed using one-way ANOVA with Tukey’s post hoc test. **p < 0.01 vs. FBS or PDGF; #p < 0.05 and ##p < 0.01 vs. vehicle. Scale bar: 100 mm.
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via atherectomy or cutting-balloon devices, which may alter aptamer
delivery and retention.

In conclusion, these results provide the first evidence of an RNA
ligand that accelerates endothelial healing in a large clinically relevant
animal model. The cell-specific targeted approach may be more effec-
tive and overcome some of the safety concerns compared with con-
ventional non-targeted drugs. Our local liquid delivery approach is
complementary to the RNA aptamer delivering the cell-specific ther-
apy directly to the medial wall, achieving the preferred “leave nothing
behind” strategy in treating patients with occlusive arterial disease.
MATERIALS AND METHODS
Reagents

High-glucose Dulbecco’s modified Eagle’s medium (DMEM) (catalog
#11965), phenol red-free DMEM (catalog #31053), L-glutamine (cat-
alog #25030-081), Minimum Essential Medium Non-Essential
Amino Acids (MEM-NEAA; catalog #11140), penicillin/strepto-
mycin (catalog #15140-122), and Dulbecco’s PBS (DPBS; catalog
#14190-144) were purchased from Gibco (Grand Island, NY). Com-
plete EC medium/w kit (catalog #M1168) was purchased from Cell
Biologics (Chicago, IL). FBS (catalog #F2442), mouse PDGF (catalog
#SRP3229), and paclitaxel (catalog #T7191) were purchased from
Sigma (St. Louis, MO). Propidium iodide (PI; catalog #P3566) was
purchased from Molecular Probes (Eugene, OR). Apt 14 was chemi-
cally synthesized by Integrated DNA Technologies (Coralville, IA).
Cell culture

Primary porcine aortic SMCs were isolated from the aorta by enzy-
matic digestion as described previously17 and cultured in DMEM
containing 10% FBS, 1� MEM-NEAA, and 1� penicillin/strepto-
mycin in a humidified atmosphere containing 5% CO2 at 37�C. Pri-
mary porcine aortic ECs were purchased from Cell Biologics (catalog
#P-6052) and cultured in complete EC medium containing 2% FBS
and growth factors. In the protocols described below, cells were syn-
chronized for two days in serum-free DMEM (SMCs) or endothelial
medium without FBS and growth factors (ECs) before treatment.
Paclitaxel (1–1,000 nM) or vehicle (0.05% ethanol) was applied to
the cells following FBS (5% for SMCs and 2% for ECs) or PDGF treat-
ment. Apt 14 (200 nM) or vehicle (4% 1�BB) was administered
30 min before FBS or PDGF.
RNA aptamers

RNAApt 14 was chemically synthesized by Integrated DNATechnol-
ogies using 50 C12-NH2 and 20 fluoropyrimidines. The sequence of
Apt 14 is as follows: 50-GGGAGGACGAUGCGGGCCUUUCGUU
CUGACCUCCCCAGACGACUCGCCCGA -30.

Before being applied to cells, Apt 14 was folded at 5 mM in 1� binding
buffer (1�BB, 20 mM HEPES, 150 mM NaCl, and 2 mM CaCl2) at
37�C for 20–30 min and diluted in serum-free medium.
Migration assays

Cell migration was evaluated by the scratch wound assay using the
WoundMaker-IncuCyte ZOOM-ImageLock plate system (Sartorius
AG, Göttingen, Germany). Cells were seeded in 96-well plates at
15,000 cells per well in complete growth medium for one day and
then synchronized in serum-free medium for two days. After the
scratch wound was made using theWoundMaker, the indicated treat-
ments were administered to the cells in a serum-free medium. The
Molecular Therapy: Nucleic Acids Vol. 34 December 2023 5
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Figure 5. Local delivery using a perfusion catheter

(A) The perfusion catheter isolates the treatment area by

deployment of the proximal and distal occlusion balloons

and infusion of the treatment is accomplished through the

inflow port. (B) Angiographic image of the treatment area.

The yellow double-arrow shows the treatment area, within

the external iliac artery. (C) Angiographic image showing

the position of the perfusion catheter in its deployed state.

The red arrows indicate the location of the proximal and

distal occlusion balloons.
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plates were then placed in IncuCyte S3, and phase images of the cells
were taken every 2 h. The images were processed, and wound conflu-
ence (percentage) within the wound region was calculated using
IncuCyte Analysis Software (2021 B). Each treatment was conducted
in duplicate or triplicate.

Proliferation assays

Cell proliferation was determined by counting the number of cells ob-
tained from nuclei using PI nucleic acid staining. Porcine ECs were
seeded in 96-well plates at 4,000 cells per well in complete medium
for 1 day and then starved in serum-free medium for 2 days before
treatment. After treatment for 3 days, the cells were fixed with ice-
cold methanol for 5 min at room temperature and then incubated
with 750 nM PI in DPBS for 30 min. The plates were placed in
IncuCyte, and red fluorescent images were captured using a 4�
magnifying lens. The images were processed, and the number of
nuclei in each image was counted using IncuCyte Analysis Software
(2021 B). Each treatment was conducted in duplicate or triplicate.

Pig injury model

This study was approved by the Institutional Animal Care and Use
Committee (IACUC), conformed to the current Guide for the Care
and Use of Laboratory Animals, and complied with the ARRIVE
(Animal Research: Reporting of In Vivo Experiments) guidelines.
The experimental preparation of the animal model has been previ-
ously reported.27–29 Six female pigs (12.3–14.1 kg) were pre-medi-
cated with ketamine and midazolam, intubated, and placed on a
ventilator. While the animals were ventilated under isoflurane gas
anesthesia, the right carotid artery was exposed under a sterile field.
The caudal end of the right carotid artery was tied off. A small inci-
sion was made in the right carotid artery with micro-scissors, and a
6 Fr guide sheath was inserted. A NITREX 0.014 inch guidewire
(ev3 Inc., Plymouth, MN) was inserted, and under fluoroscopic
guidance, endothelial denudation using a 4 � 12 mm angioplasty
balloon catheter (Abbott Vascular, Abbott Park, IL) was performed
on the left and right iliac arteries. Following denudation, the arteries
were treated with either a paclitaxel-coated balloon (IN.PACT Ad-
miral, Medtronic, Minneapolis, MN) or a liquid delivery catheter
6 Molecular Therapy: Nucleic Acids Vol. 34 December 2023
(5.0 � 40 mm; Advanced Catheter Therapies,
Chattanooga, TN) delivering Apt 14 or saline.
DCB was delivered at a pressure based on the
manufacturer’s recommendation for two mi-
nutes. Apt 14 and saline were delivered at a luminal delivery pres-
sure of 0.15 atm for two minutes. The perfusion catheter locally
delivered 2.5 mL aptamer at a concentration of 500 nM. The perfu-
sion catheter had two compliant occlusion balloons (proximal and
distal) that defined the treatment chamber. Luminal pressure, or
treatment chamber pressure, was measured in real time using a
sensor located within the treatment chamber, which was connected
to an external pressure monitor to monitor the pressure during the
infusion of the liquid drug. Two animals and four arteries were
treated with Apt 14, saline, or DCB for each group. Antiplatelet
therapy consisted of aspirin (40 mg) and clopidogrel (150 mg)
administered orally 24 h before catheterization, while single-dose
intra-arterial heparin (150 IU/kg) and lidocaine were administered
at the time of catheterization. During the duration of the study,
aspirin (40 mg/day) and clopidogrel (81 mg/day) were continuously
provided. Fourteen and twenty-eight days after treatment, the anes-
thetized animals were euthanized and the treated segments were
removed on the basis of landmarks identified by angiography.
The arteries were perfused with saline and formalin fixed under
physiological pressure before removal. The segments were stored
in 10% formalin at room temperature and then processed for scan-
ning electron microscopy.

Scanning electron microscopic analysis

To visualize the arterial surface following deployment, the formalin-
fixed arteries were first dehydrated in a graded series of ethanol. After
critical point drying, tissue samples were mounted and sputter-coated
with gold. The specimens were visualized using a Phenom XL scan-
ning electron microscope (Thermo Fisher Scientific, Waltham,
MA). Endothelial surface coverage was quantified using color
threshold analysis (ImageJ; National Institutes of Health).

Statistical analysis

All values are expressed as mean ± SE. Continuous variables were
compared between groups using one- or two-way ANOVA using
Prism 9 (GraphPad Software, La Jolla, CA). Differences were consid-
ered to be statistically significant at p% 0.05. If statistical significance
was shown, a comparison of quantitative data of multiple groups was



Figure 6. Vascular healing following RNA aptamer delivery versus drug-coated balloon (DCB)

(A–F) Representative 14 and 28 day scanning electron microscopic (SEM) images of arteries treated with Apt 14, DCB, and control (no drugs, balloon injury only). At 14 days

post-treatment, Apt 14-treated arteries display elongated, complete endothelialization similar to that in control segments, but DCB-treated arteries show cobble-stone

endothelia with platelet attachments at their boundaries (yellow arrows). At 28 days post-treatment, Apt 14-treated arteries maintain their elongated morphometry with no

platelet adherence. The DCB-treated arteries show platelet/fibrin adherence at EC junctions (yellow arrows). Blood flowed from right to left. (G) Surface coverage graph based

on morphometric (color threshold, ImageJ) analysis of the Apt 14-, DCB-, and saline (control)-treated arteries. ***p < 0.001 vs. control or DCB.
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performed using Tukey’s multiple-comparisons post hoc test or the
Bonferroni post hoc test.
DATA AND CODE AVAILABILITY
The data supporting the findings of this study are available from the
corresponding authors upon reasonable request.
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