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ABSTRACT Cardioprotective benefits of ω-3 fatty acids such as docosahexaenoic acid (DHA) are well
established, but the regulatory effect of DHA on vascular tone and pressure in pulmonary hypertension is
largely unknown.
As DHA is a potent regulator of K+ channels, we hypothesised that DHA modulates the membrane
potential of pulmonary artery smooth muscle cells (PASMCs) through K+ channels and thus exerts its
effects on pulmonary vascular tone and pressure.
We show that DHA caused dose-dependent activation of the calcium-activated K+ (KCa) current in
primary human PASMCs and endothelium-dependent relaxation of pulmonary arteries. This vasodilation
was significantly diminished in KCa–/– (Kcnma1–/–) mice. In vivo, acute DHA returned the right
ventricular systolic pressure in the chronic hypoxia-induced pulmonary hypertension animal model to the
level of normoxic animals. Interestingly, in idiopathic pulmonary arterial hypertension the KCa channels
and their subunits were upregulated. DHA activated KCa channels in these human PASMCs and
hyperpolarised the membrane potential of the idiopathic pulmonary arterial hypertension PASMCs to that
of the PASMCs from healthy donors.
Our findings indicate that DHA activates PASMC KCa channels leading to vasorelaxation in pulmonary
hypertension. This effect might provide a molecular explanation for the previously undescribed role of
DHA as an acute vasodilator in pulmonary hypertension.
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Introduction
Pulmonary arterial hypertension (PAH) is a rare, life-threatening disease of the pulmonary vasculature
characterised by a progressive increase in pulmonary vascular resistance and, ultimately, right ventricular
failure. Loss of endogenous vasodilatory factors and the ability of the pulmonary vasculature to dilate are
major contributors to the pathological features of the disease, and the therapeutic benefits of vasodilators for
PAH are well established [1, 2]. Under normal physiological conditions, the pulmonary circulation is a
low-pressure, low-resistance system. The low vascular tone of the pulmonary vasculature is largely maintained
by the resting membrane potential of the pulmonary artery smooth muscle cells (PASMCs), which is mainly
but not exclusively caused by K+ conductance [3–5]. Thus, changes in both K+ channel activity and expression
have a direct impact on the resting membrane potential of PASMCs, thereby affecting the pulmonary vascular
tone. There are hints from the literature that PASMCs from idiopathic PAH (IPAH; formerly primary
pulmonary hypertension) patients may have a more depolarised membrane potential (they are chronically
depolarised) contributing to vasoconstriction and remodelling [6], although data underlying this hypothesis
are very sparse. Previous studies showed that endogenous vasoactive substances (e.g. endothelin-1 (ET-1),
angiotensin II and serotonin) [7, 8], hypoxia or drugs (dasatinib and pergolide) [9–11] involved in the
pathophysiology of pulmonary hypertension cause membrane depolarisation of PASMCs by inhibition of K+
channels and lead to vasoconstriction. Accordingly, agents which activate the K+ channel current (nitric oxide,
iloprost or treprostinil) cause membrane hyperpolarisation of PASMCs, resulting in vasodilation [12].
Large-scale epidemiologic studies and randomised controlled trials provided evidence that ω-3 fatty acids
(eicosapentaenoic acid, docosahexaenoic acid (DHA) and α-linolenic acid) significantly reduce the occurrence
of cardiovascular disease events in patients with coronary artery disease [13]. Consequently, the American
Heart Association (AHA) guidelines recommend the regular consumption of ω-3 fatty acids [14]. In addition,
dietary fish oil decreases pulmonary hypertension and vascular remodelling during chronic hypoxia-induced
pulmonary hypertension [15]. However, there is a continued need for studies investigating the molecular
mechanism in order to explain the beneficial effect of fatty acids on the pulmonary circulation. DHA prevents
the increase of free intracellular calcium induced by ET-1 and inhibits PASMC proliferation [16]. In addition,
our previous studies provided a comprehensive analysis of the molecular events underlying these chronic
inhibitory effects, and showed that DHA prompts calcium-dependent oxidative stress leading to an unfolded
protein response in human primary PASMCs and thus to inhibition of proliferation [17, 18]. DHA is a
potent activator of the calcium-dependent K+ (KCa) channel currents in rat coronary artery smooth muscle
cells and promotes dilation of isolated small coronary arteries [19, 20]. DHA is known to reversibly activate
the large-conductance KCa (BKCa) channel composed of the pore-forming Slo1 subunit (Kcnma1) and the
auxiliary subunit β1 (Kcnmb1) [21]. However, the detailed mechanisms underlying the acute effects of this
important fatty acid in the pulmonary circulation and pulmonary hypertension remain unclear.
In this study, we hypothesised that DHA activates K+ channels in PASMCs leading to hyperpolarisation of
the resting membrane potential and reversal of pulmonary hypertension. The present study examined the
acute effect of DHA in the pulmonary circulation, particularly on K+ channel function and membrane
potential in primary human PASMCs. We have also addressed the impact of DHA on pulmonary arterial
pressure (PAP) in a mouse model of pulmonary hypertension. With use of BKCa (Kcnma1–/–) knockout
mice, we have investigated the specific contribution of KCa channels for the influence of DHA in the
pulmonary circulation. Moreover, we took advantage of compartment-specific analysis via laser capture
microdissection and investigated the expression of BKCa channels and subunits in pulmonary arteries
obtained from IPAH patients and from healthy donors. Finally, we verified the DHA effects, observed in
the in vivo and in vitro studies, on primary human PASMCs isolated from both IPAH patients and healthy
donors. We found that PASMCs from IPAH were significantly depolarised and that DHA normalised this
depolarisation via activation of KCa.

Materials and methods
Detailed materials and methods are available in the online supplementary material.
Isolation of human PASMCs from IPAH and donor tissue
All studies on the IPAH patient and donor tissue samples involved in this study were approved by the ethics
committee for the Medical University of Vienna, Austria and written informed consent obtained from all
study participants. Lung tissues were obtained from IPAH patients who had undergone lung transplantation
at the Division of Thoracic Surgery, Medical University of Vienna. Nontransplanted donor lungs that had
been harvested for transplantation, but not used (e.g. because of size-reduced lung transplantation), served as
controls. Parts of the samples were snap-frozen in liquid nitrogen or fixed in 4% (w/v) formaldehyde for
laser microdissection or tissue histology, respectively. Primary PASMCs were isolated from resistance
pulmonary arteries from patients and characterisation of the PASMCs was done as previously described [10].
Clinical characteristics of the donor and patients used in the study are given in table 1.
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TABLE 1 Clinical characteristics of the donors and idiopathic pulmonary arterial hypertension
(IPAH) patients

IPAH patient 1
IPAH patient 2
IPAH patient 3
IPAH patient 4
IPAH patient 5
IPAH patient 6
IPAH patient 7
IPAH patient 8
IPAH patient 9
IPAH patient 10
Donor 1
Donor 2
Donor 3
Donor 4
Donor 5
Donor 6
Donor 7
Donor 8
Donor 9
Donor 10
Donor 11

Age years

Sex

mPAP mmHg#

Tissues/cells used

37
14
20
20
31
39
32
34
51
38
45
43
40
16
18
62
59
49
22
42
60

Female
Female
Female
Female
Female
Female
Female
Female
Male
Female
Female
Female
Female
Male
Male
Male
Male
Male
Male
Female
Female

88
141
81
46
87
31
77
95
50
102

LCM-PAs, PASMCs
LCM-PAs
LCM-PAs, PASMCs
LCM-PAs
LCM-PAs
LCM-PAs
LCM-PAs
LCM-PAs
PASMCs
PASMCs
LCM-PAs
LCM-PAs
LCM-PAs
LCM-PAs, PASMCs
LCM-PAs
LCM-PAs
LCM-PAs
LCM-PAs
PASMCs
PASMCs
PASMCs

Data are presented as n, unless otherwise stated. mPAP: mean pulmonary arterial pressure; LCM-PA:
laser-captured microdissected pulmonary artery; PASMC: pulmonary artery smooth muscle cell. #: mPAP
data not available for donors.

Animal studies
All experiments were approved by the local authorities according to the national regulations for animal
experimentation (Austrian Ministry of Education, Science and Culture; BMWF-66.010/0076-II/3B/20116).
Statistical analysis
Numerical values are given as mean±SEM. Statistical analysis was performed using Prism 5 (GraphPad, San
Diego, CA, USA). The Mann–Whitney U-test was used for nonparametric data. The paired t-test was used
to assess changes in right ventricular systolic pressure (RVSP) between pre- and post-DHA infusion. In case
of intergroup differences, one-way ANOVA was assessed followed by Tukey’s post hoc test. p-values <0.05
were considered statistically significant.

Results
DHA activates the KCa channel in primary human PASMCs
DHA significantly and reversibly enhanced the whole-cell K+ current recorded from a holding potential of
–20 mV in human PASMCs in a dose-dependent manner (figure 1). Next, to address the source of the
activated current, different K+ channel inhibitors were used. The enhancement by DHA was not affected
by the voltage-activated K+ channel inhibitor 4-aminopyridine (4-AP, 5 µM; figure 2d), but was abolished
by the presence of the KCa channel inhibitor Iberiotoxin (ITX, 100 nM; figure 2d). Changes in the relative
K+ current amplitude (I/I0) caused by DHA are summarised in figure 2e. Clearly, the reduction by ITX
was markedly greater than by 4-AP, and fractional changes did not vary significantly among the
recordings with and without 4-AP. Our results indicate that the DHA-activated current is mostly derived
from the KCa channels in human PASMCs.
DHA induces rapid endothelium-dependent pulmonary relaxation
To investigate the relevance of our observation in human PASMCs in vitro on the tone of pulmonary
arteries, we determined the effect of DHA on the tone of isolated pre-constricted pulmonary arteries.
Isometric tension measurements, performed with wire myography, showed that DHA induces a strong
dose-dependent relaxation of the intrapulmonary arteries pre-constricted with U46619 (figure 3a). The
relaxing effect of DHA was concentration-dependent with a half maximal effective concentration (EC50) of
3.5 µM (n=6; figure 3b). Next, we also investigated the role of endothelium in DHA-mediated pulmonary
vasodilation. Employment of the nitric oxide synthase inhibitor L-NAME (L-N G-nitroarginine methyl ester,
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FIGURE 1 Docosahexaenoic acid (DHA) dose-dependently activates the whole-cell K+ current in human pulmonary artery smooth muscle cells
(PASMCs). Original whole-cell K+ current tracing presented a) without and with increasing concentrations of b) 1, c) 5 and d) 10 μM DHA in human
PASMCs. e) Summarised relative large-conductance KCa (BKCa) channel current (I/I0) upon increasing concentration of DHA in primary human
PASMCs. n=4–6 in each setting. *: p<0.05; **: p<0.01.

n=3; figure 3c) or endothelial denudation (n=4; figure 3d) in the rat pulmonary arteries significantly
decreased vasodilatory responses to increasing concentrations of DHA in comparison with the controls (n=6)
in the isometric tension measurements. Next, we investigated the role of the BKCa channel in DHA-induced
relaxation. In the presence of the BKCa channel blocker ITX (n=4; figure 3e), the rat intrapulmonary arteries
demonstrate a significantly reduced vasodilatory response in comparison with the controls (n=6) to
increasing concentrations of DHA. Further, we investigated the regulation of the PAP by DHA in the intact
lung. In the ex vivo model of isolated perfused mouse lung, administration of DHA alone did not alter the
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FIGURE 2 Docosahexaenoic acid (DHA) activates large-conductance KCa channels (BKCa) in human primary pulmonary artery smooth muscle
cells (PASMCs). Original whole-cell K+ current tracing presented a) without and with b) DHA, c) DHA with voltage-gated K+ channel blocker
4-aminopyridine (4-AP), and d) DHA along with voltage-gated K+ channel blocker 4-AP and BKCa channel blocker Iberiotoxin (ITX) in primary
human PASMCs. e) Summarised relative changes in KCa current (I/I0) elicited by DHA in primary human PASMCs. n=5–6 in each setting.
*: p<0.05; **: p<0.01; ***: p<0.001.
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FIGURE 3 Docosahexaenoic acid (DHA) causes endothelium-dependent vasodilation in intrapulmonary arteries.
a) Representative tension recording in an isolated mouse intrapulmonary artery for additive concentrations of
DHA in the setting of pre-constriction with U46619. b) Cumulative concentration-dependent vasodilatory effect of
DHA on intrapulmonary arteries. Relaxation of pre-constricted isolated rat intrapulmonary arteries in response to
increasing concentrations of DHA in the presence/absence of c) L-NAME (n=3), d) endothelial cells (EC) (n=4) or
e) Iberiotoxin (ITX) (n=4). Percentages of vasodilation are expressed relative to the maximal response of U46619.
The DHA-induced vasodilatory effect is impaired in BKCa–/– mice. f) Representative mean pulmonary arterial
pressure (mPAP) tracings from BKCa+/+ and BKCa–/– mice in the isolated, perfused ventilated lung model.
g) Acute vasodilatory effect of DHA upon U46619 pre-tone in BKCa+/+ and BKCa–/– mice. Data are presented as
median, interquartile range, and minimum and maximum values. n=5 each group. *: p<0.05; **: p<0.01.

basal mean PAP (mPAP) (online supplementary figure S1A). When the lungs were subjected to U46619
prior to DHA application, DHA (10 µM) resulted in a profound drop of the mPAP (11.6±0.9, n=6) (online
supplementary figure S1B). To decipher the role of the KCa channel in the functional response of the
pulmonary vasodilation to DHA, mice lacking the α-subunit of the large-conductance KCa (BKCa–/–) and
their wild-type counterpart (BKCa+/+) were employed in the isolated perfused mouse lung model (figure 3f).
The U46619-induced pre-tone was not affected by the lack of BKCa channels. However, DHA-induced
pulmonary vasodilation was significantly damped in the BKCa–/– mice compared with the BKCa+/+ mice
(73±4% versus 86±2%, n=5 each group; figure 3g).
DHA leads to rapid pulmonary vasodilation in hypoxia-induced pulmonary hypertension
To gain insight into whether acute DHA application exhibits a vasorelaxing effect in an animal model that
mimics human disease involving pulmonary vascular remodelling, we used the chronic hypoxia mouse
model of pulmonary hypertension. The presence of BKCa channels in the pulmonary arteries was proved
by double immunolabelling for α-smooth muscle actin (α-SMA)-positive cells and BKCa channels in
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control (normoxic) animals and in remodelled pulmonary arteries of hypoxia-treated mice (figure 4a). The
antibody specificity was investigated with specific blocking peptide and staining performed in lung tissue
of BKCa+/+ or BKCa–/– mice (online supplementary figure S3A and B). To confirm that the animals
develop pulmonary hypertension, RVSP was measured by right heart catheterisation (figure 4b), while the
heart rate was not different between groups (figure 4d). This was followed by measurements of right
ventricular hypertrophy, where the right ventricle was completely dissected from the left ventricle and the
septum. The separated ventricles were weighed to obtain the ratio of the right ventricle to the left ventricle
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FIGURE 4 Docosahexaenoic acid (DHA) induces enhanced pulmonary vasodilation in the mouse pulmonary
hypertension model. a) Double immunofluorescence staining of normoxic and chronic hypoxic mouse lungs
showing the presence of large-conductance KCa (BKCa) channels (red) and α-smooth muscle actin (α-SMA;
green) in pulmonary arteries. DAPI: 4′,6-diamidino-2-phenylindole. Scale bar: 20 µM. b) Right ventricular
systolic pressure (RVSP), c) right ventricular hypertrophy (the right ventricle (RV) was completely dissected
from the left ventricle (LV) and the septum(S)) and d) heart rate of normoxic and hypoxic mice. e) RVSP before
(baseline) and after a single bolus of DHA administration in normoxic and chronic hypoxia-treated mice.
f ) Summarised RVSP changes in normoxic and hypoxic mice upon DHA. Data are presented as median,
interquartile range, and minimum and maximum values. n=5 and 8 for normoxia and hypoxia, respectively.
**: p<0.01; ***: p<0.001.
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plus septum (figure 4c). The effect of the injection of a single DHA bolus into a central vein in
anaesthetised mice was detected by right heart catheterisation. Figure 4e shows the significant reduction in
RVSP after DHA application in both normoxic and hypoxic groups. However, DHA had a much more
pronounced effect in the hypoxic group compared with animals kept in normoxia (−9.4±1.7 versus
−2.5±0.4 mmHg, n=8 versus 5; figure 4f ). In hypoxia-treated mice after DHA application RVSP dropped
from 37±0.9 to 27.2±2 mmHg (n=8), returning the RVSP in this chronic disease model to the level seen in
mice kept in normoxia. Thus, our results suggest that DHA-induced vasodilation occurs through
activation of KCa channels in a pulmonary hypertension model.
DHA causes hyperpolarisation of PASMCs obtained from patients with IPAH
Proceeding from the beneficial effect of DHA in the animal model, next we examined the effect of DHA
on primary human PASMCs obtained from IPAH patients and healthy donors. Double immunolabelling
shows BKCa channels in the smooth muscle layer of the pulmonary arteries from healthy donor lungs and
in the remodelled pulmonary arteries of IPAH patients (figure 5a).
The expression of BKCa channels was investigated in laser microdissected pulmonary arteries from healthy
donors and IPAH patients. Pulmonary arteries from IPAH patients showed a marked upregulation of BKCa
channel α- subunit (Kcnma1), as well as β-subunits (Kcnmb1, Kcnmb2 and Kcnmb4) (figure 5b), whereas
Kcnmb3 remained unchanged. We then explored the effect of DHA on the membrane potential of primary
human PASMCs obtained from both groups. A representative recording (figure 5c) demonstrates that acute
perfusion of DHA hyperpolarised the resting membrane potential of IPAH PASMCs, but did not affect the
PASMCs from healthy donors. Notably, the membrane potential of PASMCs from IPAH patients was
significantly depolarised compared with PASMCs from healthy donors (−38.1±2.2 versus −54±2.8 mV,
n=12 and 13; figure 5d). Our further analysis revealed that acute DHA administration (3 and 10 µM)
did not change in the membrane potential of the control donor PASMCs. In contrast, exposure to DHA
reversed the depolarisation of PASMCs from IPAH patients (−54.5±1.8 mV post 3 µM DHA versus
−38.1±2.2 mV baseline, n=4 and −54.6±2.9 mV post 10 µM DHA versus −38.1±2.2 mV baseline, n=5;
figure 5d), returning it to the level seen in healthy donors. These data suggest that DHA exerts a selective
and direct effect on depolarised human PASMCs.

Discussion
We report the role of DHA as a KCa channel activator in the pulmonary circulation and its acute effect in a
pulmonary hypertension model as well as in IPAH samples. Our study demonstrates that acute DHA
administration rapidly activates the whole-cell K+ current in human primary PASMCs and shows that this
activated current stems mostly from KCa channels and not from voltage-gated K+ channels. The KCa channel
activation was dose-dependent, reducing pulmonary vascular tone, and causing both endothelium-dependent
and -independent pulmonary vasodilation through BKCa channels in isolated pre-constricted intrapulmonary
arteries. The relative contribution of endothelial versus PASMC BKCa channels in this vasodilatory response
to DHA remains to be determined. Furthermore, DHA significantly decreased the PAP increased by U46619
in the isolated perfused lung; however, it did not alter baseline PAP. The impact of DHA-induced
vasodilation was significantly reduced in the BKCa–/– mice, suggesting that the acute pulmonary vasodilatory
effect of DHA is mediated, in part, through activation of BKCa channels. Importantly, in the chronic hypoxia
pulmonary hypertension disease model in the mouse in vivo, acute DHA application returned the right
ventricular systolic pressure to the level seen in control animals, demonstrating that DHA is a potent
vasodilator in pulmonary hypertension. Moreover, we observed an upregulation of the BKCa channels in
remodelled pulmonary arteries of IPAH patients. In line with these findings, we also demonstrated that DHA
hyperpolarised the membrane potential of primary human PASMCs from IPAH patients, which were found
to be depolarised at baseline, but not that from healthy donors.
Vascular tone of the pulmonary arteries is governed by the PASMCs; under physiologic (relaxed)
conditions they have a relatively stable membrane potential, mainly driven by K+ permeability, although
the chloride conductance should not be neglected [5, 22]. Hence, membrane potential is a vital controller
of the vascular tone: the membrane potential/vascular tone slope is very steep. Therefore, even small
membrane potential changes of a few millivolts cause significant changes in blood vessel diameter. Any
physiological or pharmacological agent that alters membrane potential will cause a significant change in
pressure. Thus, it is evident that membrane hyperpolarisation, achieved through activation of K+ channels,
is a powerful mechanism to lower pressure through vasodilatation. KCa channels, built by the
pore-forming α-subunit (Kcnmb1) along with auxiliary β-subunits (Kcnmb1–4), have been found in
virtually every type of smooth muscle cell, and cause an impressive hyperpolarisation and vasodilatation
when activated [23, 24]. In addition to the increased intracellular Ca2+ concentration and depolarisation,
the most powerful mechanism to activate KCa is the phosphorylation of the channel mediated by a cAMPor cGMP-dependent protein kinase ( protein kinase A or G) [12, 25, 26]. This is of great importance for
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FIGURE 5 Docosahexaenoic acid (DHA) causes hyperpolarisation in pulmonary artery smooth muscle cells
(PASMCs) obtained from idiopathic pulmonary arterial hypertension (IPAH) patients. a) Double immunofluorescence
staining showing the localisation of large-conductance KCa (BKCa) channels (red) and α-smooth muscle actin
(α-SMA; green) in the pulmonary arteries of donor and IPAH human lungs. DAPI: 4′,6-diamidino-2-phenylindole.
Scale bar: 50 µM. b) Expression of BKCa channels with α-subunits (Kcnma) and their β-subunits (Kcnmb1–4) in the
laser microdissected pulmonary arties of donor (n=7 or 8) and IPAH (n=6 or 8) patients. c) Representative
membrane potential (Em) tracing from donor and IPAH PASMCs upon acute DHA exposure. d) Summarised
membrane potential changes with increasing concentrations of DHA, and without DHA, in donor and IPAH PASMCs.
Data in b, d) are presented as individual points with mean±SEM. *: p<0.05; **: p<0.01; ***: p<0.001.

the physiologic function of KCa and has provided powerful pharmacological tools in the battle against
pulmonary hypertension, as prostanoids, phosphodiesterase-5 inhibitors or soluble guanylyl cyclase
activators develop their vasodilatory effects partly via activation of KCa.
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BKCa channel expression and function has been shown to be elevated in chronic hypoxic mice and PASMCs
[27, 28]. In concert with the pulmonary hypertension model, for the first time, we have shown that the BKCa
channel and β-subunits are upregulated in remodelled pulmonary arteries obtained by laser-captured
microdissection from IPAH patients. Consequently, BKCa channels in human PASMCs might provide a target
for DHA in the setting of chronic vasoconstriction, and may serve as a feedback pathway to control the degree
of membrane depolarisation and vasoconstriction as illustrated in the model (online supplementary figure S4).
DHA is one of the main components of ω-3 fatty acids, mostly obtained though dietary intake of marine
foods. Its beneficial effects on human health emerged from epidemiological studies and clinical trials
leading to the recommendation by the AHA for the regular consumption of DHA in fish or as a dietary
supplement for the prevention of cardiovascular events [14, 29]. The chronic effect of DHA and its
metabolic derivatives on the pulmonary circulation have been investigated on the proliferative phenotype
of PASMCs and in vitro studies demonstrated the ability of DHA to counteract enhanced human PASMC
proliferation, a hallmark of pulmonary arterial remodelling [30]. Chronic DHA treatment inhibited
extracellular signal-regulated kinase activation and provoked an unfolded protein response causing cycle
arrest and apoptosis induction [17]. Moreover, one early study showed that that DHA binds to and
stimulates the G-protein coupled receptor GPR120 with an EC50 of ∼10 μM [31], indicating a potential
new mechanism for the immunomodulatory effect of DHA. In addition, a study focused on DHA-induced
changes in smooth muscle proposed that DHA, through the breakdown into its metabolic products, might
inhibit the Rho kinase pathway and reduce calcium sensitivity [32].
In contrast, the acute effects of DHA have only recently been investigated. In the pulmonary circulation the
effect of DHA was studied in the acute hypoxic setting, where the hypoxic inhibition of BKCa channels was
reversed by the administration of DHA [33]. Moreover, DHA exposure provoked a rapid decrease in basal
tone and thus vasodilation in the systemic circulation, suggesting a direct effect of DHA on K+ channels
leading to hyperpolarisation of the smooth muscle cell membrane and consequently to vasodilation [21].
Indeed, HOSHI et al. [34] provided evidence for the direct binding of DHA to the pore-forming Slo1 and
auxiliary β1-subunits of the large-conductance KCa expressed in human embryonic kidney cells. Our
observations are in line with that study showing that DHA directly acts on KCa channel activity as
measured by patch-clamp, as when KCa channel regulators are inhibited, the activation of KCa channels in
human PASMCs remains unaltered (online supplementary figure S2A). In contrast to the previous findings
in the systemic circulation, in our study DHA did not affect the basal pulmonary arterial tone in the
isolated perfused mouse lung and, in the mice kept under normoxia, the acute DHA-induced reduction of
the RVSP was small. However, after pre-constriction of the pulmonary arteries in the ex vivo model as well
as in the in vivo mouse model of pulmonary hypertension, DHA induced an imposing drop in pulmonary
pressure, suggesting a selective effect of DHA on constricted pulmonary vessels. In the pre-constricted,
isolated perfused lungs of BKCa knockout mice DHA continued to cause some vasodilation, suggesting that
it has additional vasodilator properties. Consequently, the fact that DHA has been previously reported as a
strong vasodilator in the systemic circulation, but fails to alter systemic blood pressure in BKCa knockout
mice, suggests that the DHA effect strongly depends on the specific cellular context and level of basal tone
of the two vasculatures [21]. Finally, it was recently reported that lipid infusion containing ω-3
polyunsaturated fatty acids induces a potent and sustained vasodilatation in the chronically instrumented
fetal lamb model of pulmonary hypertension [35]. The current study is in line with this and is thus able to
further demonstrate the relevance of DHA as an acute vasodilator when the PAP is increased.
Using ex vivo and in vivo animal models of pulmonary hypertension, combined with investigations on laser
microdissected remodelled pulmonary arteries and patch-clamp studies on isolated PASMCs from IPAH
patients we performed detailed experimental characterisation and provided molecular insights into the
DHA-induced vasodilation in pulmonary hypertension. To the best of our knowledge, this is the first study
to show that DHA exhibits a rapid decrease in elevated pulmonary vascular tone and pressure. This
decrease is achieved by KCa channel activation in PASMCs via directly modulating the membrane potential
leading to vasorelaxation. We also demonstrated that activation of KCa channels by DHA is beneficial in
the established pulmonary hypertension model and, more importantly, that DHA hyperpolarises only
PASMCs obtained from IPAH patients, not control PASMCs. Furthermore, we detected the increased
presence of BKCa channels in human IPAH, pointing to the utility of KCa openers for pharmacological
interventions in PAH. Consequently, we propose that DHA is a potent vasodilator through KCa channel
activation in pulmonary hypertension. The increased expression of KCa channels in the IPAH patient may
further focus interest on DHA as a potential therapeutic option in pulmonary hypertension.
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