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Interventional Transcatheter Closure Ameliorates
the Leukocyte Rho Kinase Activities among
Patients with Patent Ductus Arteriosus

Min-Ling Hsieh,** Ping-Yen Liu,>** Jing-Ming Wu," James K. Liao® and Jieh-Neng Wang®

Background: Patent ductus arteriosus (PDA) causes increased pulmonary blood flow, which can lead to pulmonary
arterial hypertension (PAH). Rho-associated coiled-coil containing protein kinase (ROCK) may play an important
pathophysiological role in PAH. We hypothesized that the increased pulmonary artery (PA) flow from PDA could
activate ROCK.

Methods: Patients who received a PDA transcatheter closure in our hospital were consecutively enrolled in this
study. Basic demographics and clinical hemodynamic data of the study participants were recorded. Then, ROCK
activity was measured before and after the PDA occlusion procedure. ROCK activity was defined as the
phosphorylation ratio of myosin-binding subunit by Western blot measurement. We also sub-divided patients into
the coil group and occluder group based on the occlusion device used in each patient’s procedure.

Results: From January 2009 to December 2011, 25 patients with a median age of 2.3 years, ranging from 10 months to
72 years were enrolled. The mean PDA size was 0.31 + 0.14 cm, the mean Qp/Qs shunt was 1.54 + 0.41, and the mean
systolic pulmonary artery pressure was 26.9 + 10.3 mmHg. There were 10 patients (one boy and nine girls) in the coil
group and 15 patients (four boys and eleven girls) in the occluder group. Following the closure of the PDA, ROCK activity
significantly decreased (1.78 & 2.25 vs. 0.77 £ 0.69, p < 0.01). There was a strong correlation between the leukocyte
ROCK activity with the systolic PA pressure (y = 5.4608x + 22.54, R2 = 0.5539, p < 0.05), but not the Qp/Qs value. Both
subgroups showed significant changes of ROCK activity after the procedure. Interestingly, when comparing the coil
group with the occluder group, the decrease in ROCK activity was more apparent in the occluder group.
Conclusions: The findings of this study indicated that ROCK activity is higher in patients with PDA and correlates
with PA pressure. The decrease in ROCK activity following the device closure suggests that ROCK may be an

important biomarker for PDA patency.
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INTRODUCTION

Patent ductus arteriosus (PDA) is a common con-
genital heart defect that is usually identified in child-
hood but sometimes remains unrecognized until late in
life." The condition is characterized by a persistent con-
nection between the aorta and the pulmonary artery. As
a result, a continuous left to right shunting of blood oc-
curs. This in turn leads to a volume and pressure over-
load and thus to pulmonary artery hypertension (PAH).!



Rho Kinase (ROCK) Activity in Patients with Patent Ductus Arteriosus Before and After Transcatheter Closure

Mounting evidence demonstrates that the RhoA/
Rho kinase pathway plays a pivotal role in various cellular
functions, such as sensing and responding to mechanical
changes in the environment, the contraction of smooth
muscle cells (SMCs), actin cytoskeleton organization,
cytokinesis, and gene expressions.>® Therefore, the
RhoA/Rho kinase pathway participates in the patho-
genesis of hypoxia and monocrotaline-induced PAH.* Cur-
rent evidence has also indicated that O, activates Rho-as-
sociated coiled-coil containing protein kinase (ROCK) and
increases ROCK expression in term ductus arteriosus (DA)
smooth muscle cells by a redox-regulated, positive-feed-
back mechanism that promotes sustained vasoconst-
riction. Conversely, ROCK inhibitors may be useful in
maintaining DA patency.5 According to these studies, un-
derstanding the ROCK mechanism will facilitate drug de-
velopment for PAH with or without PDA.°

In recent years, percutaneous treatment of the persis-
tent arterial duct in the catheterization laboratory has be-
come the gold standard and is considered to be a safe ther-
apy.” Coils are generally used for small PDAs, as well as
occluding devices for larger PDAs.2 In the following study,
we hypothesized that PDA with increased pulmonary blood
flow would chronically activate the systemic and local rho
A/rho kinase pathway and thus contribute to the develop-
ment or maintenance of PAH. We therefore expected
that ROCK activity will be higher in patients with PDA,
and the transcatheter closure of PDA flow by occlusion
device would ameliorate the ROCK activity systemically.

PATIENTS AND METHODS

Patients

From January 2009 to September 2011, patients ad-
mitted to the National Cheng Kung University Hospital
(Tainan, Taiwan) for a transcatheter closure of PDA were
prospectively enrolled in this study. The indications for
PDA closure were based on the symptoms/signs as de-
scribed.” Informed consent was obtained from the adult
patients or from the parents of children. The study pro-
tocol was approved by our institutional review board
(NCKUH-ER-97-056).

Catheterization procedure
We recorded the basic demographic data and the

hemodynamic parameters of patients before and after
PDA closure. The size of PDA was defined as the mini-
mum diameter of the ductus as determined by angio-
graphy.’ The patients’ pulmonary artery pressure (PAP)
were recorded during the cardiac catheterization which
preceded the occlusion. The ratio of pulmonary blood
flow to systemic blood flow (Qp/Qs) was calculated by
use of the hemodynamic values obtained by cardiac
catheterization. We followed the payment regulations of
the Taiwan National Health Insurance Administration
(NHI) to use the Gianturco coil (Cook Inc, Bloomington,
IN, USA) to close the ducus size less than 2.5 mm and
used the Amplatzer duct occluder (St. Jude Medical,
Plymouth, MN, USA) if the ductus was larger than 2.5
mm.'® Therefore, we classified the patients into two
groups: the coil group and the occluder group. The de-
tail technique of device deployment was similar to that
reported in the existing literature.”” Patients who re-
ceived multiple device (coils) deployment were ex-
cluded in this study.

Samples for ROCK activity assay

We measured the ROCK activity of circulating leuko-
cytes from patients’ venous blood before and 10 min-
utes after the PDA was closed. Previous studies reported
that the circulating leukocyte ROCK activity was associ-
ated with a metabolic syndrome'" and acute coronary
syndrome in humans." Leukocytes were isolated from 5
mL peripheral blood during the second and third visits,
following a validated and standardized protocol.""** The
leukocytes were frozen and stored at -80 °C until all
samples were collected. The ROCK assays were per-
formed on all leukocyte samples simultaneously. There-
after, the samples were then analyzed by Western blot-
ting for the phosphorylation of the myosin-binding sub-
unit (MBS) of myosin light-chain phosphatase with an
antibody that specifically recognizes phosphorylated
Ser853 MBS (kindly provided by Liao JK). Inter-experi-
mental results were standardized to lysophosphatidic
acid—induced MBS phosphorylation (positive control).

Statistical analysis

We used IBM SPSS Statistics 19 (SPSS, Inc., Chicago,
IL, USA) to analyze the database. We used an independ-
ent t-test to assess the difference of ROCK activity in the
study and in the subgroups. We used a paired t-test to
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assess the difference of ROCK activity before and after
PDA closure in the study group. Due to the small sample
size in some subgroups, we tested the database using
non-parametric analysis. We used the linear correlations
model to test the correlation between ROCK activity and
the parameters.

RESULTS

A total of 25 patients with a median age of 2.3 years
(10 months to 72 years) were enrolled in this study. The
mean PDA size was 0.31 + 0.14 cm, the mean Qp/Qs
shunt was 1.54 £ 0.41, and the mean systolic pulmonary
artery (PA) pressure was 26.9 £ 10.3 mmHg. Their com-
parative initial clinical parameters in both groups were
summarized in Table 1. There were 10 patients [90%
(9/10) were female] in the coil group, and 15 patients
[73.3% (11/15) were female] in the occluder group. Al-
though the age, body weight, and pulmonary artery
pressure were higher in the occluder group, the differ-
ences were not statistically significant. The PDA size and
Qp/Qs of the occluder group were significantly larger
than the coil group, indicating that patients in the oc-
cluder group had more pathophysiologically significant
PDA shunts.

Following the closure of the PDA, both the coil and
occluder groups showed a significantly decreased level
of leukocyte ROCK activity after interventional proce-
dure (1.78 £ 2.25vs. 0.77 £ 0.69, p < 0.01). Interestingly,

Table 1. Initial clinical parameters of children with patent
ductus arteriosus

Coil group Occluder group
Patient number 10 15
Age (years) 3.6+2.8 14.5+21.0
Sex (male/female) 1/9 4/11
Body weights (kilogram) 154+89 30.2+23.5
PDA Size" (mm) 1.9+04 3.9+1.2%
Mean systolic PAP (mmHg) 22.7+5.4 29.7+£11.9
Qp/Qs shunt 1.27+£0.26 1.72 + 0.40*

PAP, pulmonary artery pressure; PDA, patent ductus
arteriosus; Qp/Qs, ratio of pulmonary blood flow to systemic
blood flow.

* p <0.05; * PDA size: the minimum diameter of the ductus as
determined by angiography.
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in comparison to the coil group, the ROCK activity de-
creased more obviously in the occluder group (Figure 1
& Table 2).

We found that the strongest association of the leuko-
cyte ROCK activity and their clinical parameters was the
correlation of the systolic PA pressure (y = 5.4608x +
22.54, R® = 0.5539, p < 0.05). Interestingly, the associa-
tion of the ROCK activity was not significant with the Qp/
Qs value in this PDA intervention cohort (Figure 2 & 3).

DISCUSSION

For the first time in an empirical study, we have
demonstrated that ROCK activity was higher in patients
with PDA and significantly correlates with their PA pres-
sure. The decrease in ROCK activity following the trans-
catheter closure of PDA also suggests that ROCK can be
an important biomarker for PDA patency.

Accumulating evidence suggests an inverse relation-
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Figure 1. Leukocyte Rho-associated coiled-coil containing protein

kinase (ROCK) activity was reduced after catheter intervention on PDA
(defined as the phosphorylation ratio of myosin binding subunit by
Western blot measurement). PC, positive control lane; p-MBS, phospho-
myosin binding subunit; t-MBS, total-myosin binding subunit.

Table 2. Rho kinase (ROCK) activity before and after
transcatheter occlusion

Before After
Total (n = 25) 1.78 +2.25 0.77 £ 0.69"
Coil group (n =10) 0.61+0.64 0.46 + 0.40*
Occluder group (n = 15) 2.40+2.69 0.81+0.68"

*p<0.05; % p<0.01.
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Figure 2. The correlation between the leukocyte Rho-associated

coiled-coil containing protein kinase (ROCK) activity and the systolic pul-
monary artery pressure. Sys PAP, systolic pulmonary arterial pressure;
p-MBS, phospho-myosin binding subunit; t-MBS, total-myosin binding
subunit.

3.00 7
y=0.105x + 1.53
250 1, R?=0.12052
-
2001 o ¢
v *® 'Y
[e} ¢ o
?- - ¢ o ~ °
& 150
~ -
~ *
1.00 1 @
p=0.12
0.50 1
0.00 T T T T ]
0 1 2 3 4 5
ROCK activity (p-MBS/t-MBS ratio)
Figure 3. The correlation between the leukocyte Rho-associated

coiled-coil containing protein kinase (ROCK) activity with the Qp/Qs
value. p-MBS, phospho-myosin binding subunit; Qp/Qs, the ratio of pul-
monary blood flow to systemic blood flow; t-MBS, total-myosin binding
subunit.

ship between endothelial nitric oxide synthase (eNOS)
and small GTPase RhoA/Rho-kinase.13 The actions of the
Rho family of GTPases (Rho, Rac, and CDC42) are me-
diated by their specific downstream effector ROCK, a
serine-threonine kinase.'® Rho-kinase might nega-
tively regulate eNOS expression and activation, as well
as nitric oxide (NO) bioavailability,"” and it mediates the
hypoxia-induced downregulation of endothelial NO
synthase.18 The smooth muscle-selective RhoGAP GRAF3
is a critical regulator of vascular tone and hyperten-
sion.” The active Rho family protein has been found to

promote the formation of fiber tension in vascular
smooth muscle cells by functioning with serotonin-
threonine kinase.”® Besides, up-regulation of the ROCK
activity can cause endothelial dysfunction.’® Initially, the
Rho system is up-regulated selectively in the ductus
arteriosus (DA) at birth.>?>?* Hong Z et al. had shown
that Rho-kinase inhibitors relax endothelium-denuded
rabbit DA,22 Costa et al. also demonstrated that RhoB
gene expression was increased with the maturation in a
DA model among rats.?* The hypothesized mechanism
showed that oxygen (02) activates ROCK and increases
ROCK expression in term DA smooths muscle cells by a
redox-regulated, positive-feedback mechanism that pro-
motes sustained vasoconstriction.” As expected, Rho-
kinase activation is a universal, distal step in both O,-
and agonist-induced DA constrictions.” Hence, the po-
tential usefulness of the ROCK studies among PDA does
not derive from a general vessel constriction property,
but rather from an interference with a mechanism spe-
cifically linked to birth. Rho-kinase is specifically inhib-
ited by Y-2763217 or fasudil (HA1077).** Momma et al.
had showed the in vivo dilation of the DA by Rho kinase
inhibition in the rat.” Recently, ROCK inhibitor Y-27632
perturbs endothelial functions variable under shear
stress in a concentration-dependent manner.”® There-
fore, the manipulation of ROCK had strong influences in
PDA. In this study, we also showed that the transca-
theter closure of PDA could ameliorate leukocyte rho
kinase activities. Importantly, the ROCK activity de-
creased more obviously in the occluder group, which
implied that intervention for a larger shunt would pro-
duce even greater effects.

PAH is an important issue in adult heart disease. Be-
cause PAH is a progressive and fatal disease, it is crucial
to better understand the basic concepts of the initiation
and progression of PAH.”” There were many scientific re-
ports which studied the roles of the Rho family in the
PAH mechanism.>®**3° Some physicians used Rho kinase
inhibitors to treat patients with PAH.?>*' PDA could in-
duce PAH through a high flow mechanism." Over time,
augmented pulmonary flow may also induce increased
shear stress and circumferential stretch.?? The role of
ROCK was also critical in the flow-induced PAH model.***
Shear stress regulates endothelial cell (EC) alignment
and remodeling through the activation of Rho family
GTPases (Cdc42, Rho, and Rac) that enhance the forma-
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tion of stress fibers and focal adhesions and regulates
cytoskeletal reorganization.”’35 In this study, we clearly
demonstrated a strong correlation between the leuko-
cyte ROCK activity with the severity of PAH. This connec-
tion is represented by the degree of PA pressure but not
the Qp/Qs value. Several possibilities explain this rea-
son. One is that the exact calculation of Qp/Qs value
might be influenced by individual oxygen consumption.
In addition, Qp/Qs value might be also influenced by the
pulmonary vascular resistance among some PDA pa-
tients, Therefore, the Qp/Qs value might be able to rep-
resent the true shunt flow condition.

In recent years, the transcatheter treatment of PDA
has become the gold standard and a safe therapy.” Com-
pared with the traditional surgical method, transca-
theter intervention is less invasive and most of the
shunts were immediately diminished when the device
was successfully deployed. This makes the negative im-
pact of the intervention on PDA patients very minimal
and helps us to clarify the role of ROCK in PDA patients.
These immediate physiological changes after PDA clo-
sure were originally from the cessation of pulmonary
blood flow, as well as a reduction in the pulmonary arte-
rial oxygen content. A previous in vivo study showed
that bovine endothelial cell ROCK activity could be in-
duced by flow-mediated shear stress.*® Recent studies
also showed that Rho-kinase activity was not augmented
in yak pulmonary arteries compared with those of bulls,
suggesting a reason for the relatively low pulmonary
vascular tone of yaks despite living in hypoxic circum-
stances.”” We therefore hypothesized that the ROCK ac-
tivity changes in our study resulted from flow-mediated
shear stress because the rapid characteristic of Rho
kinase in regulating cell physiological changes and func-
tion.

However, there were some major limitations in this
study. First, the patient number was still limited. Se-
cond, the age, body weight, and pulmonary artery
pressure were higher in the occluder group, although
not statistically significant. Third, we did not repeat
measurement of pulmonary artery pressure after PDA
occlusion, therefore, we did not compare the associa-
tion of decrease of RCOK activity and the decreased pul-
monary pressure. Fourth, we measured the ROCK activ-
ity of circulating leukocytes from patients’ venous blood,
could this ROCK activity in the peripheral leukocyte cor-
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relate with the in situ pulmonary artery tissue? This ques-
tion was difficult to confirm in a human study, so it may
be necessary to further pursue the animal model study.

CONCLUSIONS

The results in this study demonstrated that ROCK
activity is higher in patients with PDA and also corre-
lated with PAH severity, represented by the measured
PA pressure. The decrease in ROCK activity following de-
vice closure suggests that ROCK may be an important
biomarker in PDA.
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