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ABSTRACT: Neointimal cushion formation (NCF) is an important
vascular remodeling for anatomical closure of the ductus arteriosus
(DA). Inflammatory responses to vascular injury or atherosclerosis
are known to be associated with the pathogenesis of NCF. We found
that the expression of interleukin (IL)-15 mRNA was significantly
higher in rat DA than in the aorta. IL-15 immunoreactivity was
detected predominantly in the internal elastic laminae (IEL) and to a
lesser extent in smooth muscle cells (SMCs) in rat DA. Prostaglandin
E (PGE) increased the expression of IL-15 mRNA in cultured DA
SMCs. IL-15 significantly attenuated the platelet-derived growth
factor (PDGF)-BB–mediated SMC proliferation, but did not change
SMC migration. IL-15 significantly attenuated PGE1-induced hyal-
uronic acid (HA) production in a dose-dependent manner, which is a
potent stimulator of NCF. Accordingly, IL-15 might have an inhib-
itory effect on the physiologic vascular remodeling processes in
closing the DA. (Pediatr Res 62: 392–398, 2007)

The ductus arteriosus (DA), a fetal arterial connection
between the main pulmonary artery and the descending

aorta, closes immediately after birth. During the first few
hours after birth in term newborns, there is acute and func-
tional closure as a result of the DA’s smooth muscle contrac-
tion, which is triggered by an increase in oxygen tension and
a decline in circulating prostaglandin E (PGE2) (1). It is
important that before this, an anatomical luminal narrowing
develops through neointimal cushion formation (NCF) that
occludes the vascular lumen and gives rise to a permanent
closure (2,3). The neointimal cushion of DA is formed by
many cellular processes, including smooth muscle cell
(SMC) migration and proliferation, extracellular matrix
production under the endothelial layer, and decreased elas-
tin fiber assembly (1–5). It is interesting that this physio-

logic process of NCF in the DA closely resembles the
pathologic process of NCF caused by vascular injury or
atherosclerosis in adult arteries (6).
Inflammatory responses to vascular injury or atherosclero-

sis are known to be associated with the pathogenesis of NCF
(7–9). Recent studies have demonstrated that several proin-
flammatory cytokines play an essential role during such vas-
cular remodeling (10,11). Accordingly, cytokines might play a
role in physiologic vascular remodeling processes and thus
permanent closure in the DA. In this regard, Waleh et al. (12)
demonstrated that after postnatal constriction, certain types of
cytokines were associated with the accumulation of mono-
cytes/macrophages on the ductus wall that may regulate neo-
intimal remodeling. However, a limited number of studies
investigated the relationship between cytokine and DA closure
(12–14), and the precise role of cytokines in the vascular
remodeling process in DA remains poorly understood. It is
important that perinatal inflammation sometimes retards the
postnatal closure of the DA (15), although the mechanism has
not been fully understood. Further maternal infection such as
rubella causes congenital patent DA in a child (16). Using
DNA microarray analysis, we found that the expression of
IL-15, a proinflammatory cytokine, was significantly higher in
the DA than in the aorta (unpublished data). IL-15 exhibits
many immunologic actions such as stimulation of T-cell pro-
liferation and chemotaxis, natural killer cell growth, secretion
of interferon-gamma (IFN-�), granulocyte/macrophage colony-
stimulating factor, and tumor necrosis factor � (TNF-�) (17–
19). Because IL-15 has been detected in atherosclerotic
plaques (20,21) and attenuates NCF after arterial injury (22),
we investigated the role of IL-15 in the physiologic vascular
remodeling of the DA.
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METHODS

Reagents. Rat IL-15 and IL-2 were from IBL Co., Ltd. (Gunma, Japan).
PGE1 was from Calbiochem (La Jolla, CA). IL-6, IL-8, soluble TNF receptor
1, IFN-� , transforming growth factor � (TGF�), TNF-�, IL-1�, IL-10, and
vascular endothelial growth factor were from Pepro Tech EC, Inc. (Rocky
Hill, NJ). Indomethacin was from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). PGE receptor subtype 4 (EP4) specific agonist ONO-AE1-
329 was from ONO Pharmaceutical Inc. (Tokyo, Japan). Elastica-van Gieson
stain was from Muto Pure Chemicals Co., Ltd. (Tokyo, Japan). TaqMan
rodent glyceraldehyde-3-phosphate dehydrogenase (GAPDH) control re-
agents kits were from Applied Biosystems (Foster City, CA). Rabbit anti–
mouse IL-15, IL-2 receptor � (IL-2R�), and IL-2 receptor � (IL-2R�)
antibodies and goat anti–mouse IL-15 receptor � (IL-15R�) antibodies were
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Biotinylated goat
anti–rabbit secondary antibody and biotinylated rabbit anti–goat secondary
antibody were from Histofine, Nichirei (Tokyo, Japan).

Animals. All animals were cared for in compliance with the guiding
principles of the American Physiologic Society. The experiments were ap-
proved by the Ethics Committee of Animal Experiments of the Yokohama
City University School of Medicine. We used Wistar rat embryos from timed
pregnant mothers.

Quantitative and semiquantitative transcriptase [reverse-transcriptase
polymerase chain reaction (RT-PCR)]. The total RNA was isolated from the
pooled tissues of one littermate of Wistar rat embryos. A generation of cDNA
and RT-PCR analysis was done as described previously (23). The primers for
PCR amplification were designed as based on the rat nucleotide sequences
(Table 1). For quantitative RT-PCR analysis, each template was tested four to
nine times to confirm the reproducibility of the assays. The abundance of each
gene was determined relative to GAPDH.

Immunohistochemistry. Paraffin-embedded blocks containing DA tissue
were cut into 4-�m thick sections and placed on 3-aminopropyltriethoxysi-
lane–coated glass slides. To determine the boundary line of intimal cushion
formation, tissue sections were stained with elastica-van Gieson as recom-
mended by the manufacturer (Muto Pure Chemicals).

The specimens were deparaffinized, rehydrated, and incubated for 30 min
in 0.3% hydrogen peroxide to inactivate endogenous peroxidases. Tissue
sections for IL-15 were incubated with pepsin for 30 min at 37°C for restoring
immunoreactivity to tissue antigens. To reduce nonspecific background stain-
ing, 10% goat serum for IL-15, IL-2R�, and IL-2R� and 10% rabbit serum for
IL-15R� were used at 37°C for 15 min. For immunohistochemical staining, a
rabbit anti–mouse antibody for IL-15, IL-2R�, and IL-2R� and a goat
anti–mouse antibody for IL-15R� were used at 4°C for overnight and then
incubated with a biotinylated secondary antibody at room temperature for 10
min. The slides were sequentially incubated with streptavidin peroxidase at
room temperature for 5 min and diaminobenzidine chromogen substrate
solution and were counterstained.

Cell culture and stimulation. Vascular SMCs in primary culture were
obtained from the DA and the aorta of Wistar rat embryos at embryonic day
21 (e21), as described previously (23). The confluent cells between passages
4 and 6 were used in the experiments. To examine the effect of EP4 or IL-15,
SMCs were exposed to ONO-AE1-329 (10�6 M) or IL-15 (50 ng/mL) for
2–4 h and then collected with Trizol (Invitrogen, Tokyo, Japan) for further
analysis.

Cell proliferation assays. Cell proliferation was measured in DA SMCs
using [3H]thymidine incorporation, as described previously (23).

Quantitation of hyaluronic acid (HA). The amount of HA in the cell
culture supernatant was measured by a latex agglutination method as de-
scribed previously (24).

SMC migration assay. The migration assay was performed using 24-well
Transwell culture inserts with polycarbonate membranes (8-�m pores: Corn-
ing Inc., Acton, MA) as described previously with some modifications (24).

Statistical analysis. All data are presented as means � SD. Unpaired t tests
were used to compare mRNA expression in the DA and other tissues.
Comparisons between data from multiple groups were performed by unpaired
analysis of variance followed by the Student-Newman-Keuls test. p Values
�0.05 were considered statistically significant.

RESULTS

Expression of IL-15 and IL-15 receptors in rat DA. Our
DNA microarray analyses revealed that the expression level of
IL-15 mRNA was greater in the DA than in the aorta during
development (unpublished data). The present quantitative RT-
PCR analyses confirmed the higher expression levels of IL-15
in the DA than in the aorta at all developmental stages. The

Table 1. Oligonucleotides for quantitative RT-PCR

Gene GenBank accession number Forward (5=-3=) Reverse (5=-3=) Size (bp)

IL-15 NM_013129 CGTGCTCTACCTTGCAAACA TCAACCGTTTCCTGTTAGGC 271
IL-15R � XM_344628 GTGTGAACTCCAGGGAGAGG AGGTTGGGAGTTGTCCAGTG 124
IL-2R � NM_013195 GACGTCTTCTGGACCGTAGC CTTAGGATCTGCTGGCCTTG 200
IL-2R � XM_343800 TCTCCCTGCCTAGTGTGGAT GGGATAAGCACAGCTTCCAG 175
fractalkine NM_134455 CCTTGCTCATCCACTATCAAC CTTGGACCCATTTCTCCTT 114
CX3CR1 NM_133534 CTGCTCAGGACCTCACCAT CAGACCGAACGTGAAGACAA 158
EP4 NM_032076 Primer name: TaqManR Gene Expression

Assays (Rn00583420_m1)
Unknown

Figure 1. Expressions of IL-15 and its receptors in DA. (A) Quantitative
RT-PCR for IL-15 in rat DA and aorta at e19, e21, and birth. The expression
of IL-15 mRNA was greater in rat DA (open columns) than in aorta (solid
columns) at all developmental stages examined. The IL-15 expression in the
DA reached maximum at e21 (n � 4). The values are expressed as mean �
SD. *p � 0.05 and †p � 0.001. (B) RT-PCR of receptors for IL-15 in rat DA.
The trimetric IL-15 receptor complex consists of IL-15R�, IL-2R�, and
IL-2R�. All three receptors were expressed in DA tissues.
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expression levels of IL-15 became maximal at e21 (full term)
in the DA (Fig. 1A). Because IL-15 uses a trimeric receptor
consisting of IL-15R�, IL-2R�, and IL-2R�, we examined the
expression of them in the DA. We found that the mRNAs of
all these receptors were expressed in DA tissues (Fig. 1B) as

well as in primary cultured SMCs from rat DA. The expres-
sion of IL-2R� mRNA was not detected in the DA (data not
shown).
We then examined the localization of IL-15 in the DA and

aorta at e21 and birth. IL-15 immunoreactivity was detected
most abundantly in the internal elastic laminae (IEL), less
abundantly in SMCs, and even less in the endothelial cells of
the DA at e21 (Fig. 2A). It is interesting that the abundant
immunostaining of IL-15 was not observed in the IEL of the
aorta in the same sections and was rather strong in the
adventitia (Fig. 2A). At birth, the DA’s lumen was filled with
cells that were mostly of SMC origin. The immunoreactivity
of IL-15 in the IEL of the DA became more apparent, whereas
only weak immunostaining was detected in the IEL of the
aorta (Fig. 2B). Furthermore, we examined the localization of
IL-15R�, IL-2R�, and IL-2R� in DA. None of the IL-15
receptors exhibited the same localization with IL-15. They
were strong in the region of the inner layer of DA at e21 and
in the region of the central core of the lumen at birth (Fig. 3).
Positive feedback loop of the expression between IL-15

and EP4. Because the expression of EP4 mRNA was also
maximal at e21 in the DA (24) and because previous studies

Figure 2. Localization of IL-15 in DA. (A, B) Transverse sections of the DA
and aorta at e21 and birth, respectively. An elastica-van Gieson stain visual-
ized elastic fibers in the DA (A-a, b, e, f, B-a, b). IL-15 immunoreactivity
(brown chromogen) was detected predominantly in the IEL and to a lesser
extent in SMCs in the DA (A-c, g, B-c). Conversely, immunostaining of this
strength was not observed in the IEL of the aorta (A-d, h, B-d). Scale bars, 100
�m.

Figure 3. Localization of IL-15 receptors in the DA. Transverse sections of
DA at e21 and at birth, respectively. The immunoreactivity of IL-15 receptors
(brown chromogen) did not exhibit a similar expression pattern with IL-15 in
the DA. Scale bars, 100 �m.
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have demonstrated that PGE regulated the expression of IL-15
in various types of cells (25–27), we hypothesized that EP4
stimuli may regulate the expression of IL-15 mRNA or vice
versa. By using cultured DA SMCs, we found that ONO-AE1-
329 (10�6 M), a selective EP4 agonist, markedly increased the
expression of IL-15 mRNA (Fig. 4A). Recombinant rat IL-15
(50 ng/mL) significantly increased the expression of EP4
mRNA after 2 h in cultured DA SMCs (Fig. 4B).
Effect of IL-15 on DA SMC proliferation. SMC prolifer-

ation plays an essential role in NCF in developing the DA,
especially in the late gestation. Therefore, we investigated the
effects of IL-15 on proliferation using DA SMCs in primary
culture from rat DA at e21. [3H]Thymidine incorporation was
moderately, but significantly, decreased in DA SMCs in the
presence of recombinant rat IL-15 (50 ng/mL) when compared
with that in the absence of IL-15 (Fig. 5A). When DA SMCs
were treated with PDGF-BB (10 ng/mL), a potent stimulator
of SMC proliferation, [3H]thymidine incorporation was sig-
nificantly increased by 19% in DA SMCs. IL-15 significantly
attenuated the PDGF-BB–mediated increase in [3H]thymidine
incorporation in DA SMCs (Fig. 5A), suggesting that IL-15
inhibits DA SMC proliferation.
Because our recent study demonstrated that PGE1/2 plays

important roles not only in regulating vascular tone, but also
in the vascular remodeling process in the DA (24), we inves-
tigated the synergistic effect of IL-15 on DA SMC prolifera-
tion in the presence of PGE1. PGE1 significantly decreased
[3H]thymidine incorporation in a dose-dependent manner.
IL-15 additively reduced [3H]thymidine incorporation in DA
SMCs (Fig. 5B). We also found that IL15 reduced [3H]thy-
midine incorporation by 14 � 2%, even in the presence of
indomethacin (10�6 mg/mL), a cyclooxygenase inhibitor (Fig.
5A). These results suggest that the inhibitory effect of IL-15 on
SMC proliferation is independent of the PGE pathway.
Because IL-15 and IL-2 have similar biological activities

through binding to the common IL-2R� and IL-2R�, we
investigated the effect of IL-2 on DA SMC proliferation. IL-2
(up to 30 ng/mL) had no significant effect on [3H]thymidine
incorporation in DA SMCs (data not shown), which may be
expected because IL-2R� was absent in DA.
Effects of IL-15 on DA SMC migration. Because SMC

migration from vascular media into the subendothelial layer is
an important vascular remodeling process of NCF, we investi-
gated the effects of IL-15 on DA SMC migration. IL-15 (50

ng/mL) exhibited no significant effect on SMC migration either
in the absence or presence of PDGF-BB (10 ng/mL) (Fig. 6).
Effect of IL-15 on HA production in DA SMCs. HA is an

important component of the intimal cushion, and HA-rich
matrices are essential for cell migration and proliferation in
the DA (24). Because a previous study demonstrated that
IL-15 increased HA expression in the endothelial cells (28)
and because our recent study uncovered that PGE1 is a potent
stimulator of HA production in DA SMCs (24), we investi-
gated whether IL-15 altered basal and PGE1-induced HA
production in DA SMCs. Although IL-15 had no effect on
basal HA production, it significantly attenuated PGE1-induced
HA production in a dose-dependent manner (Fig. 7A, B). We
have demonstrated that TGF� significantly increased HA
production in DA SMCs (24) and that IL-6, IL-8, and soluble
TNF receptor 1 were significantly elevated in the cord blood
of premature infants with chronic lung disease (29). There-
fore, we also investigated the effects of other cytokines. In the

Figure 4. (A) The expression of IL-15 was markedly increased in DA SMCs
cultured with a selective EP4 agonist, ONO-AE1-329 (10�6 M), compared
with control (n � 4). (B) The expression of EP4 was significantly increased
in DA SMCs cultured with IL-15, compared with control (n � 9). Values are
expressed as mean � SD. *p � 0.05; **p � 0.01.

Figure 5. IL-15 significantly reduced DA SMC proliferation. [3H]Thymidine
incorporation was compared with IL-15 (solid columns) and without IL-15
(open columns). (A) IL-15 significantly decreased [3H]thymidine incorpora-
tion in rat DA SMC at a concentration of 50 ng/mL when compared with
control. This effect did not change in the presence of indomethacin (10�6

mg/mL). PDGF-BB (10 ng/mL)–mediated increases in [3H]thymidine incor-
poration were also attenuated by 50 ng/mL of IL-15 (n � 19, control; n � 4,
indomethacin, PDGF-BB). (B) [3H]Thymidine incorporation was decreased by
PGE1 in a dose-dependent manner. IL-15 exhibited an additive inhibitory effect
on PGE1–mediated decreases in [3H]thymidine incorporation (n � 4). Values are
expressed as mean � SD. *p � 0.05.
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basal condition, these cytokines (except TGF�) had no effect
on HA production in DA SMCs. Only IFN-� slightly de-
creased HA production in the presence of PGE1 (Fig. 7C).
Although the stimulatory effect of TGF� was much weaker in
DA than that of PGE1 in the basal condition (24), a marked
increase in HA production was induced by coincubation of
TGF� and PGE1.
Effect of IL-15 on the expression of fractalkine and

CX3CR1 mRNA. Because IL-15 is known to suppress

CX3CR1 chemokine signaling, which is involved in athero-
genesis and promotes SMC proliferation (22), we examined
the effect of IL-15 on the expression of fractalkine and its
receptor CX3CR1 mRNA, using the same samples as de-
scribed above. IL-15 significantly decreased the expression of
CX3CR1, but not fractalkine mRNA, in DA SMCs (Fig. 8).

DISCUSSION

The present study demonstrated that IL-15, a proinflamma-
tory cytokine, inhibited both SMC proliferation and HA ac-
cumulation that promote NCF in the DA. IL-15 has been
known to be up-regulated in both human and animal athero-
sclerotic lesions and to induce antigen-independent T-cell
activation during atherogenesis (20,21). These studies have
demonstrated that IL-15 inhibits SMC migration and thus
NCF. Instead of pathogenic vascular remodeling, to our
knowledge, this is the first study demonstrating that IL-15 also
plays a role in physiologic vascular remodeling in a develop-
ing vessel. A recent study indicated that IL-15 suppressed
CX3CR1 chemokine signaling (22), which is consistent with
the present result showing that IL-15 decreased the expression
of CX3CR1 mRNA in DA SMCs. Because CX3CR1 chemo-
kine signaling promotes SMC proliferation and thus NCF
(30–32), the down-regulation of CX3CR1 could be, in part, a
mechanism of the inhibitory effect of IL-15 on DA SMC
proliferation.
Because no inflammatory cells were detected in the region

where IL-15 was expressed in the DA in the present study, the
mechanism of induction of IL-15 is an important question.
Waleh et al. (12) demonstrated that ischemia initiated an
activate inflammatory response that affected the vascular re-
modeling process in postnatal DA. They showed that several
cytokines, including IL-8, were up-regulated in the DA wall,
although the authors did not refer to IL-15 in their study (12).
However, we think that IL-15 is unlikely to be induced by
ischemia because the expression levels of IL-15 mRNA were
predominant at e21 when blood was sufficiently supplied to
DA. Instead, the present study suggested that PGE could be a
trigger of physiologic induction of IL-15 in developing DA
because we found that PGE stimulation increased the expres-
sion of IL-15 mRNA in DA SMCs. In this regard, previous
studies have also demonstrated that PGE or cyclooxygenases
regulated the expression of IL-15 in various types of cells
(25–27). Because DA is more sensitive to PGE stimulation
than the other vessels, our result may explain the higher

Figure 8. IL-15 significantly decreased the expression of CX3CR1 (A), but
not fractalkine (B) mRNA in DA SMCs (n � 5, CX3CR1; n � 6, fractalkine).
Values are expressed as mean � SD. *p � 0.05.

Figure 6. IL-15 has no influence on DA SMC migration. DA SMC migration
in response to IL-15 (50 ng/mL) in the presence or absence of PDGF-BB (10
ng/mL). IL-15 did not significantly affect DA SMC migration. IL-15–treated
DA SMC (solid columns), IL-15–untreated DA SMC (open columns) (n � 4).
Values are expressed as mean � SD. †p � 0.001.

Figure 7. IL-15 significantly reduced HA synthesis of DA SMCs. HA
secretion into culture media after 48 h of stimulation. Because HA synthesis
was very low in untreated DA SMCs, we examined the effect of several
cytokines including IL-15 on HA production in PGE1-stimulated DA SMCs.
(A) HA synthesis was reduced by IL-15 in a dose-dependent manner (n � 4).
(B) PGE1 induced HA synthesis in a dose-dependent manner. IL-15 signifi-
cantly reduced PGE1-mediated HA synthesis, especially at high concentra-
tions of PGE1. IL-15 treated DA SMCs (solid columns), IL-15 untreated DA
SMCs (open columns) (n � 4). (C) The effect of several cytokines on HA
production in PGE1-stimulated DA SMCs (n � 3). Values are expressed as
mean � SD. *p � 0.05; **p � 0.01; †p � 0.001.
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expression level of IL-15 mRNA in the DA than in the aorta.
Furthermore, we also found that IL-15 up-regulated the ex-
pression of EP4 mRNA, suggesting that there is a positive
feedback loop to increase the expression of EP4 and IL-15
mRNAs without inflammation.
The second important question is why IL-15 was predom-

inantly expressed in the IEL of DA. Angiolillo et al. (33)
demonstrated that IL-15, which binds to endothelial cells,
stimulates angiogenesis. Other previous studies have demon-
strated that IL-15 was expressed predominantly in endothelial
cells of normal carotid arteries and in the media and neointima
of injured carotid arteries (20,22). Although we also found
that IL-15 was expressed in the media and endothelial cells in
the DA, it abundantly attained the IEL in the DA. We exam-
ined the localization of IL-15 receptors, but none of them
exhibited similar distribution with IL-15. TGF� is known to
bind to latent TGF� binding proteins, which play an important
role in the secretion and storage of TGF� in extracellular
matrix (34,35). Therefore, IL-15 may bind its unknown bind-
ing protein(s) in IEL in DA. The other possibility is that the
IEL may produce IL-15 in DA. Although the precise mecha-
nism of the abundant accumulation of IL-15 to the IEL
remains unknown, it is of great interest to further investigate
the role of IL-15 in the formation of elastin assembly in the
DA. NCF consists of the separation of endothelial cells from
the IEL and impaired elastin assembly followed by a migra-
tion of SMCs into the subendothelial region (1,5,36). The
failure of this process could result in the formation of a
subendothelial elastic lamina, which is a common denomina-
tor in the histology of a persistent DA (5,37). Further study of
the role of IL-15 in the formation of a subendothelial elastic
lamina in persistent DA is warranted.
It has been reported that HA production from endothelial

cells is important for the start of NCF in dog DA and that no
subendothelial HA accumulation was observed in the persis-
tent DA (37). In addition to endothelial cells, we have recently
demonstrated that PGE2-EP4 accumulated HA production
from DA SMCs, which also play an important role in promot-
ing NCF in the DA (24). The present study demonstrated that
IL-15 suppressed PGE-mediated HA production in DA SMCs,
which is contrary to a previous result obtained from murine
microvascular venular endothelial cells (28). However, Estess
et al. (28) also demonstrated that IL-15 had no effect on the
expression of HA by a murine lung capillary endothelial cell
line or by human umbilical vein endothelial cells. Therefore,
the effect of IL-15 on HA production may vary in tissues
and/or species. Although the effect of IL-15 on HA production
has not been evaluated in DA endothelial cells, we assume that
the IL-15–mediated suppression of HA production in SMCs
would be an inhibitory factor for NCF in the DA. Our results
suggested that IL-15 may inhibit this formation through sup-
pression of SMC proliferation and HA production, as inves-
tigated in vascular injury (22). In late gestation, several stimuli
including PGE2, promote NCF and structural closure of the
vascular lumen. IL-15 may counteract such effects to prevent
exceeding NCF in the DA in late gestation. In this regard, it is
intriguing to investigate whether IL-15 might also contribute
to the retardation of DA closure when it is further induced by

inflammation because the incidence of a patent DA was higher
in premature infants with inflammation (15).
In conclusion, IL-15 was predominantly expressed in rat

DA, especially in the IEL. PGE may be a trigger of the
induction of IL-15 in the DA. IL-15 significantly attenuated
the PDGF-BB–mediated SMC proliferation and PGE1-
induced HA production in a dose-dependent manner. There-
fore, IL-15 might inhibit physiologic vascular remodeling
processes in closing the DA and contribute to the pathogenesis
of persistent DA. Further investigation is apparently required
to understand the precise role of IL-15 in the vascular remod-
eling in the DA.
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