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ABSTRACT

Arachidonic acid (AA) stimulates endothelial cell (EC) proliferation through an increase in
intracellular Ca®* concentration ([Ca'];), that, in turn, promotes nitric oxide (NO) release. AA-evoked
Ca®* signals are mainly mediated by Transient Receptor Potential Vanilloid 4 (TRPV4) channels.
Circulating endothelial colony forming cells (ECFCs) represent the only established precursors of ECs.
In the present study, we therefore, sought to elucidate whether AA promotes human ECFC (hECFC)
proliferation through an increase in [Ca*']; and the following activation of the endothelial NO synthase
(eNOS). AA induced a dose-dependent [Ca®*]; raise that was mimicked by its non-metabolizable
analogue eicosatetraynoic acid. AA-evoked Ca”* signals required both intracellular Ca®* release and
external Ca®" inflow. AA-induced Ca?* release was mediated by inositol-1,4,5-trisphosphate receptors
from the endoplasmic reticulum and by two pore channel 1 from the acidic stores of the endolysosomal
system. AA-evoked Ca* entry was, in turn, mediated by TRPV4, while it did not involve store-
operated Ca”* entry. Moreover, AA caused an increase in NO levels which was blocked by preventing
the concomitant increase in [Ca®*]; and by inhibiting eNOS activity with NG-nitro-L-arginine methyl
ester (L-NAME). Finally, AA per se did not stimulate hRECFC growth, but potentiated growth factors-
induced hECFC proliferation in a Ca®*- and NO-dependent manner. Therefore, AA-evoked Ca*
signals emerge as an additional target to prevent cancer vascularisation, which may be sustained by
ECFC recruitment.
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1. INTRODUCTION

Arachidonic acid (AA) is a 20-carbon omega-6 polyunsaturated fatty acid (PUFA) which is
stored in the plasma membrane esterified to glycerol in phospholipids at the sn-2 position and carries
out many structural, signalling and homeostatic functions. Upon cell stimulation, AA is released from
the membrane pool by the activation of three different phospholipases, A2, C and D, to exert either an
autocrine and/or a paracrine effect on neighbouring cells. AA may further be converted by the catalytic
activities of three enzyme families: cyclooxygenases (COX), which produce prostaglandins,
prostacyclins and thromboxanes; lipoxygenases (LOX), that generate leukotrienes, and cytocrome P450
monooxygenases (CYP450), yielding multiple epoxyeicosatrienoic (EETSs) and
hydroperoxyeicosatetraenoic acids [1, 2]. AA and its metabolic derivates, collectively known as
eicosanoids, have long been known to promote endothelial cell (EC) proliferation, migration, and in
vitro tubulogenesis [1-5]. AA stimulates angiogenesis by causing an increase in intracellular Ca®*
concentration ([Ca?'];) in vascular ECs, the ensuing Ca®* signal being then decoded by a number of
Ca’*-dependent effectors, pivotal among which is the Ca®*/calmodulin (Ca/CaM)-dependent
endothelial nitric oxide (NO) synthase (eNOS) [2, 6, 7]. AA-induced Ca?* signals in ECs are mainly
mediated by Transient Receptor Potential Vanilloid 4 (TRPV4) channel [8-13], a polymodal Ca*'-
permeable pathway that mediates a pro-angiogenic influx of Ca?* in ECs from several vascular trees
[14, 15]. Likewise, endothelial TRPV4 channels may be gated by several CYP450A-derived AA
metabolites, such as 5,6-EET and 8,9-EET [16-19]. The Ca* response to AA in other cellular models is
more complex and involves additional pathways, including: inositol-1,4,5-trisphosphate (InsP3)
receptors (InsP3Rs) and ryanodine receptors (RyRs) [20-23], that release Ca”* from the endoplasmic
reticulum (ER), the most abundant endogenous Ca** reservoir; the acidic Ca®* stores of the
endolysosomal (EL) system [22]; AA-regulated Ca®* (ARC) channels and leukotriene C4 (LTC4)-
regulated Ca®* (LRC) channels, that are contributed from heteromers of the novel Ca®*-permeable
channels Orail and Orai3 and are gated, respectively, by AA itself and its LOX-dependent metabolite
LTC4 [24, 25]. A recent study showed that Orai3 may mediate AA- and LTC4-dependent Ca** inflow
also in human vascular ECs [26], albeit it is not constitutively expressed on the plasma membrane.

Unlike fully differentiated ECs, the pro-angiogenic effect exerted by AA on their more
immature precursors is unclear. Endothelial progenitor cells (EPCs) are mobilized either from the bone
marrow (BM) or the arterial wall to replace senescent/damaged ECs and rescue local blood perfusion in

ischemic tissues [27-29]. Furthermore, EPCs play a key role in carcinogenesis by sustaining the early
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phases of the angiogenic switch in a growing number of solid tumors [30-32]. Several approaches have
been developed to select and expand circulating EPCs ex vivo from peripheral and umbilical cord
blood. These strategies combined proper cell culture protocols, clonogenic and functional assays, and
the careful examination of endothelial/hematopoietic surface antigens to identify three distinct EPC
subsets: colony forming units-ECs (CFU-ECs), circulating angiogenic cells (CACs) and endothelial
colony forming cells (ECFCs) [27-29]. However, it has now been established that CFU-ECs and CACs
belong to the hematopoietic lineage, are unable to acquire an endothelial phenotype, do not show any
appreciable clonogenic potential and stimulate angiogenesis in vivo in a paracrine manner. Conversely,
there is now general agreement that ECFCs represent true endothelial progenitors by differentiating
into mature ECs and originating patent vessels in vivo. Moreover, ECFCs display a great proliferative
potential and replate into secondary and tertiary colonies [33]. Finally, ECFCs may reside within the
intima of human umbilical vein, pulmonary artery and aortic vessel walls, thus contributing to preserve
vascular integrity [28]. Recent work from our group has unveiled a central role for Ca** signalling in
the intricate network of pathways that drive ECFC activity [29, 34]. In particular, we found that store-
operated Ca®" entry (SOCE) controls proliferation and in vitro tubulogenesis in circulating ECFCs by
recruiting either the Ca®*-dependent transcription factor NF-kB [35] or the Ca**/calmodulin (CaM)-
dependent eNOS [36]. However, ECFCs also express TRPV4 which promotes the proliferation process
when acting in concert with extracellular growth factors [37]. Intriguingly, AA may be released by BM
stromal cells to regulate proliferation, survival and differentiation in hematopoietic cells [38-40]. This
leaves open the possibility that AA influences other cell constituents of BM microenvironment, such as
EPCs [39]. Moreover, vascular wall-resident hECFCs could be activated by free AA contained in
human plasma [41], whose concentration (5.3-13.1 uM) may increase up to the mid-micromolar range
in response to platelet activation [42], physical exercise [43], inflammation [44], and tissue ischemia
[45, 46].

Therefore, we endeavoured the present investigation to assess whether AA elicits pro-
angiogenic Ca’* and NO signals in human ECFCs (hECFCs). To achieve these aims, we exploited Ca?*
and NO live cell imaging, real-time reverse transcriptase polymerase chain reaction (qRT-PCR), and
proliferation assays. We found that AA elicits a dose-dependent increase in intracellular Ca**
concentration ([Ca?'];) in hECFCs that impinges on the concerted recruitment of ER-embedded
InsP3Rs, nicotinic acid adenine dinucleotide phosphate (NAADP)-sensitive two pore channel 1 (TPC1)
on the EL stores and TRPV4 channels on the plasma membrane. The elevation in [Ca®*]; evoked by

AA, in turn, led to a robust NO production, which seems to require the concomitant activation of all the
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Ca**-permeable routes involved in the signal. Finally, we showed that AA induces hECFC proliferation
in a Ca”*- and NO-dependent manner. These findings support an important role for AA in stimulating
hECFC growth and hit at this lipid mediator as an alternative tool to improve the outcome of

therapeutic angiogenesis and as an alternative target for anti-cancer treatments.
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2. Material and methods

2.1 Isolation and cultivation of endothelial colony forming cells

Blood samples (40 ml) collected in EDTA (ethylenediaminetetraacetic acid)-containing tubes
were obtained from healthy human volunteers aged from 22 to 28 years old. The Institutional Review
Board at “Istituto di Ricovero ¢ Cura a Carattere Scientifico Policlinico San Matteo Foundation” in
Pavia approved all protocols and specifically approved this study. Informed written consent was
obtained according to the Declaration of Helsinki of 1975 as revised in 2008. We focussed on the so-
called endothelial colony forming cells (ECFCs), a subgroup of EPCs which are found in the CD34"
CD45" fraction of circulating mononuclear cells, exhibit robust proliferative potential and form
capillary-like structures in vitro [33]. To isolate ECFCs, mononuclear cells (MNCs) were separated
from peripheral blood by density gradient centrifugation on lymphocyte separation medium for 30 min
at 400g and washed twice in EBM-2 with 2% FCS. A median of 36 x 10° MNCs (range 18-66) was
plated on collagen-coated culture dishes (BD Biosciences) in the presence of the endothelial cell
growth medium EGM-2 MV Bullet Kit (Lonza) containing endothelial basal medium (EBM-2), 5%
foetal bovine serum (FBS), recombinant human (rh) EGF, rhVEGF, rhFGF-B, rhIGF-1, ascorbic acid
and heparin, and maintained at 37°C in 5% CO, and humidified atmosphere. Non-adherent cells were
discarded after 2 days and thereafter, medium was changed three times a week. The outgrowth of ECs
from adherent MNCs was characterized by the formation of a cluster of cobblestone-shaped cells. That
ECFC-derived colonies belonged to endothelial lineage was confirmed as described in [47] and [48]. In
more detail, EPC-derived colonies were characterized by staining them with anti-CD31, anti-CD105,
anti-CD144, anti-CD146, anti-vWf, anti-CD45, and anti-CD14 monoclonal antibodies and by
assessment of capillary-like network formation in the in vitro Matrigel assay.

For our experiments, we have mainly used endothelial cells obtained from early passage ECFC
(P1-3, which roughly encompasses a 15-18 day period) with the purpose to avoid (or maximally
reduce) any potential bias due to cell differentiation. However, in order to make sure that the phenotype
of the cells did not change throughout the experiments, in preliminary experiments we tested the
immunophenotype of ECFCs at different passages and we found no differences [48]. We also tested
whether functional differences occurred when early (P2) and late (P6) passage-ECFCs were used by
testing the in vitro capacity of capillary network formation in a Matrigel assay and found no differences

between early and late passage ECFC-derived cells.
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2.2 Solutions

Physiological salt solution (PSS) had the following composition (in mM): 150 NaCl, 6 KClI, 1.5
CaCls, 1 MgCl,, 10 Glucose, 10 Hepes. In Ca**-free solution (0Ca?*), Ca** was substituted with 2 mM
NaCl, and 0.5 mM EGTA was added. Solutions were titrated to pH 7.4 with NaOH. The osmolality of

PSS as measured with an osmometer (Wescor 5500, Logan, UT) was 338 mmol/kg.

2.3 [Ca’*]; and NO measurements

hECFCs were loaded with 4 uM fura-2 acetoxymethyl ester (fura-2/AM; 1 mM stock in
dimethyl sulfoxide) in PSS for 1 hour at room temperature. After washing in PSS, the coverslip was
fixed to the bottom of a Petri dish and the cells observed by an upright epifluorescence Axiolab
microscope (Carl Zeiss, Oberkochen, Germany), usually equipped with a Zeiss x40 Achroplan
objective (water-immersion, 2.0 mm working distance, 0.9 numerical aperture). hECFCs were excited
alternately at 340 and 380 nm, and the emitted light was detected at 510 nm. A first neutral density
filter (1 or 0.3 optical density) reduced the overall intensity of the excitation light and a second neutral
density filter (optical density=0.3) was coupled to the 380 nm filter to approach the intensity of the 340
nm light. A round diaphragm was used to increase the contrast. The excitation filters were mounted on
a filter wheel (Lambda 10, Sutter Instrument, Novato, CA, USA). Custom software, working in the
LINUX environment, was used to drive the camera (Extended-ISIS Camera, Photonic Science,
Millham, UK) and the filter wheel, and to measure and plot on-line the fluorescence from 10 up t0100
rectangular “regions of interest” (ROI). Each ROI was identified by a number. Since cell borders were
not clearly identifiable, a ROl may not include the whole cell or may include part of an adjacent cell.
Adjacent ROIs never superimposed. [Ca?*]; was monitored by measuring, for each RO, the ratio of the
mean fluorescence emitted at 510 nm when exciting alternatively at 340 and 380 nm (shortly termed
“ratio”). An increase in [Ca®*]i causes an increase in the ratio [48, 49]. Ratio measurements were
performed and plotted on-line every 3 s. The experiments were performed at room temperature (22°C).
We calibrated the resting [Ca*']; by using the Grynkiewicz method, as shown in [50]. Its average value
was equal to 82.2+11.0 nM (n=97).

NO was measured as described in [51] and [36]. Briefly, hECFCs were loaded with the
membrane permeable NO-sensitive dye 4-Amino-5-methylamino-2',7'-difluorofluorescein (DAF-FM)
diacetate (10 uM) for 60 min at room temperature and washed in PSS for one further hour. DAF-FM
fluorescence was measured by using the same equipment described for Ca®* recordings but with a

different filter set, i.e. excitation at 480 nm and emission at 535 nm wavelength (emission intensity was
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shortly termed “NO;”"). NO measurements were performed and plotted on-line every 5 s. Again, off-line
analysis was performed by using custom-made macros developed by Microsoft Office Excel software.
The experiments were performed at room temperature. DAF-FM is a single-wavelength dye and,
therefore, the baseline NO signal was measured by simply recording the baseline fluorescence of DAF-
FM after at least 15 min of stabilization of the tracing. At this point, the recording was initiated and the
basal NO levels were measured by averaging the value of DAF-FM fluorescence at 300+50 sec from
the beginning of the experiment (0.379+0.0062, n=3), as shown in [36, 52, 53]. The cells were then
exposed to AA, cyclopiazonic acid (CPA) or GSK1016790A (GSK).
Data relative to both Ca®* and NO signals are presented as mean+SE, while the number of cells

analyzed is indicated between parentheses. Each data set refers to measurements conducted on hECFCs

isolated from at least three independent donors.

2.4 RNA isolation and quantitative reverse transcription PCR (QRT-PCR)

For the analysis of the expression of ryanodine receptors (RyRs), total RNA was extracted with
the miRNeasy Mini Kit (Qiagen, Germany) and further DNA purified by on-column digestion with the
RNase-free DNase Set (Qiagen), according to the manufacturer’s instructions [54]. cDNA synthesis
was carried out using the iScript kit (Bio-Rad, California, USA). In brief, 500 ng of total RNA sample
was reverse transcribed using a blend of oligo-dT and random primers, subsequently diluted with
nuclease-free water to 3 ng/uL (total RNA equivalent) and stored at -80°C. The gene expression assays
for RYR1 (Cat. # hs00166991_m1), RYR2 (Cat. # hs00181461_m1) and RYR3 (Cat. #
hs00168821_m1). Quantification of transcripts was carried out in a 20 xL reaction mix containing 1X
SsoAdvanced Universal Probes Supermix and 1X of each assay. The PCR conditions were 95°C for 30
sec followed by 40 cycles of 95°C for 5 sec and 60°C for 15 sec .Three reference genes (GAPDH,
YWHAZ, TBP) were analysed according to method previously decribed [54]. For each experiment, 5 uL
of cDNA (corresponding to 15 ng of total RNA) were used. The PCR data were collected using the
CFX96 Real-Time System (Bio-Rad). Each sample was tested in duplicate.

For the analysis of two-pore channel (TPC) expression, total RNA was extracted from the EPCs
and RCCs using the QIAzol Lysis Reagent (QIAGEN, Italy). The first cDNA copy was synthesized
from 1 pg total RNA using random hexamers and M-MLV Reverse Transcriptase (Invitrogen S.R.L.,
Milan, Italy). Real-time PCRwas performed using GoTag gPCR master mix according to
manufacturer’s instructions (Promega, Milan, Italy) on a SFX96 Real-time system (Biorad, Segrate,
Italy). Oligonucleotide primers were obtained from Sigma: TPC1: forward=
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GAGTTTGGATGACGACGTGC, reverse= GAGTCGTGGATGGCATAGCT (NM_001143819.1);
TPC2: forward= CTTACCGCAGCATCCAAGTC, reverse= GTAAAGCCACATCGAGCTGG
(NM_139075.3). Ribosomal S18 subunit was used as housekeeping gene: forward=
TGCGAGTACTCAACACCAACA, reverse= CTGCTTTCCTCAACACCACA (NM_213557).

2.5 Proliferation assays

As described elsewhere [36, 48, 49], growth kinetics were evaluated by plating a total of 1 x 10°
ECFCs-derived cells (first passage) in 30-mm collagen-treated dishes in the presence of: 1) EBM-
2+5% FBS; 2) EBM-2+5% FBS+ 20 uM AA; 3) EGM-2; 4) EGM-2+20 uM AA. Cultures were
incubated at 37°C (in 5% CO2 and humidified atmosphere) and cell growth assessed every day until
confluence was reached in control cultures. At this point, cells were recovered by trypsinization from
all dishes and the cell number assessed by counting in a haemocytometer. In order to assess the impact
of Ca®* signalling and NO on AA-promoted ECFC proliferation, cells were seeded in the presence of
EGM-2+20 uM AA supplemented with 1) 2-Aminoethoxydiphenyl borate (2-APB; 50 uM); 2) Ned-19
(100 uM); 3) GPN (200 uM); 4) RN-1734 (10 uM); 5) 1,2-bis(o-aminophenoxy)ethane-N,N,N',N'-
tetraacetic acid (BAPTA; 30 uM); and 6) N®-nitro-I-arginine methyl ester (L-NAME; 100 pM).
Preliminary experiments showed no unspecific or toxic effect for each agent when used at these

concentrations. Each assay was repeated in triplicate.

2.6 Cell cultures

HELA, UKE-1, DAMI and K562 cell lines were routinely cultured from laboratory stocks in
the appropriate medium (IMDM or RPMI) supplemented with 10% fetal bovine serum, 2% glutamine
and 1% penicillin/streptomycin, at 37°C in a fully humidified incubator in the presence of 5% CO2.
Human umbilical vein endothelial cells (Cat. # C2517AS) were purchased from Lonza (Lonza
Walkersville Inc., Maryland, USA) and directly used for RNA extraction without being cultured.
Mesenchimal stem cells (MSCs) were obtained from healthy subjects’ spleen samples according to the

previously described isolation method [55].
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3. RESULTS

3.1 Arachidonic acid-induced Ca** signals in hECFCs require intracellular Ca** mobilization
and extracellular Ca** entry in human endothelial colony forming cells

As widely reviewed in [41], while the serum concentration of AA may raise up to 600 uM, the
physiological levels of free AA in tissues and cells falls within the low-to-mid micromolar range (1-
150 uM) due to the presence of the extracellular fatty acid binding protein albumin [56]. Consequently,
most studies investigated the outcome of AA on intracellular Ca?* signalling and its downstream Ca?*-
dependent pathways by administrating AA in a concentration range spanning from 1 up to 45 uM [8,
20, 26, 57-60]. Previous results from our group showed that 1-2 uM AA is not sufficient to elevate
intracellular Ca* levels in hECFCs [37]. Herein, we found that 20 uM AA caused an immediate rise in
[Ca?*]; that rapidly returned to the baseline upon agonist washout and then resumed upon agonist re-
addition to the perfusate (Fig. 1A). When AA was maintained over time in the recording solution, the
Ca®" response consisted in an initial Ca®* peak that was followed by a plateau level of intermediate
amplitude (Fig. 1B). Fig. 1B depicts representative Ca®* traces of the dose-response relationship of
AA-induced Ca** signals in hECFCs. Statistical analysis revealed that the amplitude of the intracellular
Ca’* elevation progressively augmented by raising AA concentration ([AA]) from 5 pM up to 50 uM
(Fig. 1D). Conversely, while the percentage of responding cells significantly (p<0.05) increased by
bringing up [AA] from 5 uM to 20 uM, it did not further change when [AA] was enhanced up to 50
uM (Fig. 1C). The biphasic kinetics of AA-evoked increase in [Ca?']; was constant across the
concentration range probed (Fig. 1B). In order to assess which Ca®* sources underlie these Ca?* signals,
in the subsequent set of experiments, AA was applied in the absence of external Ca?* (0Ca?"), after
which Ca*" was reintroduced in the perfusate in the continued presence of the agonist. At all the
concentrations tested (5-50 pM), AA caused a transient increase in [Ca*] under 0Ca** conditions,
which reflects Ca?* release from the intracellular reservoir (Fig. 2A-C). The subsequent restitution of
Ca®" to the bath induced a second elevation in [Ca®*]; which depends on extracellular Ca** entry (Fig.
2A-C). Notably, both phases of the Ca?* response to AA, i.e. Ca®* mobilization and Ca** inflow,
increased by enhancing [AA] from 5 uM up to 50 uM. Taken together, these experiments indicate that
AA increases [Ca”*]; in hRECFCs by mobilizing intracellularly stored Ca’* and inducing Ca** inflow. To
assess whether AA increases [Ca’*]i through one of its metabolites, we probed the effect of

eicosatetraynoic acid (ETYA), a non-metabolizable analog of AA that blocks lipoxygenase,
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cycloxygenase and CYP450 by acting as a false substrate [61]. ETYA (20 pM) elicited a Ca** signal
whose amplitude (Fig. 3A and 3C) and kinetics (Fig. 3A) were similar to that evoked by AA (20 ).
Moreover, there was no significant difference in the fraction of responding cells between ETYA and

AA. Therefore, AA-induced intracellular Ca** waves do not require AA metabolism.

3.2 Arachidonic acid induced Ca?* release from InsPs;Rs and TPCs in hECFCs in human
endothelial colony forming cells

In order to unravel the components of the Ca?* toolkit that underpins the Ca* response to AA in
hECFCs, we first focussed on intracellular Ca®* mobilization. All these experiments were carried out
under 0Ca?* conditions to prevent any confounding interference with extracellular Ca** influx. In our
previous investigations, InsP; emerged as the most powerful Ca®* releasing second messenger in these
cells [34]. Therefore, we first inhibited the InsP3;-dependent signalling pathway by pre-treating the cells
with either 2-aminoethoxydiphenyl borate (2-APB; 50 uM, 20 min) or U73122 (10 uM, 10 min), a
potent inhibitor of phospholipase C (PLC), the enzyme which cleaves InsP3; from phosphatidylinositol
4,5-bisphosphate (PIP,) [35, 62]. Neither of these drugs, however, fully suppressed the Ca?* response
to AA (Fig. 4A and Fig. 4E), albeit its amplitude was significantly (p<0.05) reduced as compared to
control cells (Fig. 4F). AA could recruit the PLCpB/InsP3 signalling pathway by activating the G-protein
coupled receptor 40 (GPR40) [63]. However, palmitoleic acid (20 uM), a more potent GRP40 agonist
than AA, failed to evoke any detectable increase in [Ca®]; in hECFCs (n=120; not shown). AA has
previously been shown to trigger Ca?* release by directly stimulating RyRs [21]. We, therefore, used
gRT-PCR to evaluate the expression of the three RyR isoforms in hECFCs. As shown in Table 1, RyR
transcripts were absent in these cells, despite the fact that our primers were able to detect RyR1, RyR2
and RyR3 in other cell types. Finally, we depleted the ER Ca?* reservoir with CPA (10 uM), a selective
inhibitor of the Sarco-Endoplasmic Reticulum Ca?* ATPase (SERCA), in the absence of external Ca**.
CPA prevents SERCA from capturing Ca** constitutively leaking from the ER, thereby causing a
transient increase in [Ca®*]; which is due to passive store emptying [47]. As shown in Fig. 4C, in
addition to suppressing the Ca®* response to the InsPs-producing autacoid ATP (100 uM), CPA
inhibited AA-induced Ca®* release. The statistical analysis of the effects exerted by CPA is reported in
Figures 4E and Fig. 4F. A recent study further demonstrated that EL acidic Ca®* store may support
InsP3-dependent Ca®* mobilization evoked by AA in rat pancreatic B cells [22]. A sizeable EL acidic

Ca®* store is also present in hECFCs [64]. TPC1 and TPC2 have recently been shown to mediate

11



Arachidonic acid signaling in human ECFCs

NAADP-dependent Ca?* release from the EL store in a multitude of cell types [65-67]. Our qRT-PCR
analysis revealed that TPC1 is the most abundant TPC isoform expressed in hECFCs (Fig.4B). Ned-19
(100 uM, 1 hour), a specific inhibitor of NAADP-induced Ca?* release from TPCs, abrogated AA-
evoked Ca?* signals (Fig. 4A, Fig. 4E and Fig. 4F). Disrupting the acidic Ca*" store of the EL system
with glycyl-L-phenylalanine 2-naphthylamide (GPN; 200 uM) evoked a robust Ca** mobilization and
prevented the Ca”* response to AA (Fig. 4C, Fig. 4E and Fig. 4F). Collectively, these findings show
that AA mobilizes ER and EL Ca*" stores by, respectively, recruiting InsPsRs and TPCs. In support of
this evidence, 2-APB (50 uM, 20 min) and Ned-19 (100 uM, 1 hour) prevented ETY A-evoked

endogenous Ca** release (Supplementary Figure 1).

3.2 Arachidonic acid stimulates Ca®* inflow through TRPV4 channels and inhibits store-
operated Ca* entry in human endothelial colony forming cells
The next step was to unravel the Ca®*-permeable pathway(s) underlying AA-evoked Ca*

inflow in hECFCs. As mentioned above, TRPV4 channels are the most likely candidates to mediate
AA-evoked Ca?* entry in vascular endothelium [8-13]. We have previously shown that RN-1734 and
ruthenium red (RR) selectively block TRPV4-dependent Ca®* influx in hECFCs [37]. We found that
both RN-1734 (20 uM, 30 min) and RR (10 uM, 30 min) reduced the amplitude and curtailed the
duration of the Ca* response to AA (20 uM) (Fig. 5A and Fig. 5C). Conversely, the fraction of
responding cells was affected by neither of these treatments (Fig. 5B). The statistical analysis of the
effects exerted by RN-1734 and RR on AA-elicited Ca* signals is reported in Figures 5B and Fig. 5C.
In the same way, RN-1734 (20 uM, 30 min) significantly (p<0.05) reduced the amplitude of ETYA-
evoked Ca®* signals without affecting the fraction of responding cells (Supplementary Figure 1). As
depicted in Fig. 2, AA heavily mobilizes the ER Ca** pool in hECFCs. As observed for other InsPs-
producing stimuli, such as ATP [47] and VEGF [35], the following drop in ER Ca** levels should lead
to SOCE activation. However, it has long been known that AA inhibits store-dependent Ca®* influx in
many cell types [9, 68, 69]. In order to assess this issue in hECFCs, we applied CPA in the presence of
external Ca®" to deplete the endogenous Ca** reservoir and fully gate SOCE [62]. Under these
conditions, the Ca?* response to CPA consisted in an initial increase in [Ca']; due to passive Ca®*
mobilization from the ER followed by a decline to a steady-state level which is due to the development
of SOCE [47, 62]. When added at 30 min after the beginning of the stimulation with CPA, AA caused a
significant reduction in SOCE (Fig. 5D). This relatively rapid decrease to resting Ca** levels was
followed by a persistent increase in [Ca®*]; that disappeared in the presence of RN-1734 (Fig. 5D).
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Therefore, these data strongly indicate that SOCE is blocked, rather than activated, by AA and that
TRPV4 is the main mediator of AA-induced Ca** influx in hECFCs.

3.3 Arachidonic acid-induced Ca** signals determine NO production in hECFCs in human
endothelial colony forming cells

Having dissected the signalling machinery shaping the Ca** response to AA, we turned to
investigate whether AA-evoked Ca** signals drive NO synthesis in hECFCs, as reported in mature ECs
[2, 6, 7]. To this aim, we exploited the NO-sensitive fluorochrome, DAF-FM, which is commonly used
to monitor intracellular NO levels both in vascular ECs and in hECFCs [36, 70-72]. AA (20 uM)
caused a gradual, but persistent increase in DAF-FM fluorescence which arose with a considerable
delay as compared to Ca** signals (Fig. 6A; please, compare with Fig. 1A). AA-evoked NO production
was prevented by pre-treating the cells with L-NAME (100 uM, 75 min), a selective inhibitor of all
NOS isoforms, and BAPTA (30 uM, 2 h), a membrane permeable buffer of intracellular Ca* levels.
These findings, therefore, show that AA-dependent NO synthesis impinges on the accompanying
increase in [Ca?*]i. In order to decipher the Ca®* sources for activation of endogenous NO production,
we challenged the cells with AA in the absence of external Ca®*. Under these conditions, AA (20 pM)
did not cause any evident increase in NO levels. Surprisingly, we could not detect any elevation in
DAF-FM fluorescence even upon Ca** restitution to the bathing medium (Fig. 6B). In other words,
Ca®" release and Ca** entry alone were not sufficient to trigger NO synthesis in hECFCs challenged
with AA. Conversely, control cells displayed a robust production of NO in response to AA (20 uM)
(not shown). Consistent with these data, AA did not elicit any increase in DAF-FM fluorescence in
cells pre-treated with either 2-APB (50 uM, 20 min) or Ned-19 (100 uM, 1 hour) to fully abrogate ER-
and EL-dependent Ca®* release (Fig. 6C), respectively, or with RN-1434 (20 pM, 30 min) to inhibit
TRPV4-dependent Ca** inflow (Fig. 6D). Similar to AA, ETYA triggered a NO signal very similar to
that evoked by AA (Fig. 6E). The statistical analysis of the effects exerted by all these reagents on NO
levels is summarized in Fig. 6F. Interestingly, when CPA (10 uM) was added in the presence of
external Ca®* to fully activate SOCE, it failed to generate any detectable increase in NO levels (Fig.
7A). Conversely, the pharmacological activation of TRPV4 channels with GSK (10 nM) [37] caused a
delayed, but persistent elevation in NO that was prevented by RN-1434 (20 uM, 30 min) (Fig. 7B and
Fig. 7C). However, the percentage of hECFCs generating a robust NO signal in response to GSK was
low when compared to AA (Fig. 7B). Therefore, TRPV4-mediated Ca®* inflow may per se result in NO
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production, albeit only in a minor fraction of cells. Altogether, these results clearly show that the Ca*
response to AA leads to a subsequent elevation in intracellular NO concentration ([NQJ;) in hECFCs.
Notably, full activation of eNOS by AA requires both endogenous Ca®* mobilization and extracellular

Ca’" inflow in these cells.

3.4 Arachidonic acid utilizes intracellular Ca** and NO signals to promote human
endothelial colony forming cell proliferation

The last step was to assess whether and how AA instigates hECFC proliferation. Cells were
plated in the presence of: 1) EBM-2 supplemented with 5%FBS; 2) EBM-2 supplemented with 5%FBS
and 20 uM AA; 3) EGM-2, which is an endothelial differentiation medium enriched with growth
factors and routinely employed to expand ECFCs in vitro; 4) EGM-2 supplemented with 20 uM AA.
As shown in Fig. 8A, after three days in culture, AA alone (i.e. co-applied with EBM-2+5% FBS) was
not able to stimulate cell growth, while hECFCs seeded with EGM-2 reached confluence after five days
in culture, as expected. Nevertheless, when AA was added along with EGM-2, hECFCs exhibited a
significant (p<0.05) increase in their proliferation rate. These results imply that AA supports hECFC
growth, albeit only in conjunction with other mitogens (i.e. those contained in EGM-2). However, AA
(20 uM) failed to promote proliferation when the concomitant increases in [Ca**]; and [NOJ; were
prevented with BAPTA (30 uM) and L-NAME (100 uM), respectively. The same results were obtained
when AA was applied in the presence of either 2-APB (50 uM), Ned-19 (100 uM); GPN (200 uM), or
RN-1734 (20 uM). Taken together, these results provide the evidence that AA promotes hECFC

proliferation by utilizing an elevation in [Ca?']; to recruit eNOS and trigger NO production.
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4. DISCUSSION

AA or its metabolites have long been known to stimulate angiogenesis through an increase in
[Ca*]; and the consequent engagement of the Ca**/CaM-sensitive decoder eNOS [2, 6-9]. Their effect
on circulating EPCs is, however, less clear. Intracellular Ca?* signals play a central role in the intricate
network of signalling pathways that control the fate of hECFCs, one of the most studied EPC subsets
which may reside either in the BM or the vascular wall [32, 34, 73]. Herein, we demonstrate that AA
induces hECFC proliferation through an elevation in [Ca'];, which in turn results to the generation of

the pro-angiogenic gasotransmitter NO [2, 7].

AA caused a dose-dependent increase in [Ca*];in hECFCs starting at 5 uM. This signal (as
well as the consequent NO release, see below) did not depend on AA metabolism as ETYA, which is
not a substrate of AA metabolizing enzymes, generated a [Ca**]; rise whose magnitude, kinetics and
pharmacological profile were similar to those elicited by AA. The Ca* response to AA at each
concentration tested (5 uM, 20 uM, 50 M) consisted both in intracellular Ca?* mobilization and
extracellular Ca** entry. We previously showed that AA is unable to augment intracellular Ca®* levels
when applied at 1-2 uM [37]. These results are partially different from those obtained in mature ECs,
such as human coronary arterioles ECs [13] and breast tumor-derived ECs (BTECs) [9], in which AA
induces Ca?* influx, but not Ca*" release, at concentrations ranging between 0.5-10 uM and 1 nM-1
uM, respectively. These discrepancies could reflect the well known heterogeneity in terms of Ca®*
signalling between hECFCs and mature endothelium [74]. However, AA has recently been shown to
induce a robust Ca** release in human umbilical vein ECs (HUVECSs) when applied at >10 pM [26].
Likewise, in ECs from non-human species, AA mobilized ER stored Ca®" at doses >10 uM [3, 23]. In
order to appreciate the physiological relevance of our observations, we must recall that hECFCs may be
found in both the BM and arterial walls. Now, the concentration range of AA that causes intracellular
Ca** signals in hECFCs is the same as that reported to control hematopoietic cell proliferation,
differentiation and survival [39, 75, 76]. It is, therefore, feasible that AA levels locally rise to the low-
to-mid micromolar range in BM microenvironment and influence BM-derived stem cells, including
hECFCs. Free AA concentration has indeed been reported to occur between 0.5 and 100 uM [41].
Extracellular albumin prevents free AA from raising up to the high micromolar range [56], however,
the physiological concentration of AA most frequently measured in local tissues and cells ranges in the
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tens of micromolar [41, 60]. Moreover, AA levels may increase up to hundreds of micromolar in
response to physical exercise, tissue ischemia or inflammation. This feature gains particular relevance
when recalling that AA is usually unable to exert any significant biological effect at doses lower than
1-10 uM [41]. For instance, the concentration of free AA in human plasma is equal to 5.1-13.1 uM [60]
and may locally increase upon platelet release [41], thereby activating vascular wall-resident cells [58],
including hECFCs. In addition, AA may increase up to ~500 uM upon intense physical exercise [43],
which has long been known to stimulate EPC mobilization [77]. Furthermore, several pathological
conditions that involve an increase in EPC frequency and biological activity, such as cardiac ischemia
[29] and brain injury [78], cause the accumulation of massive amounts (up to 10-to-13 fold) of AA (see
also below) [45, 46]. Likewise, the inflammatory state causes an increase in the local levels of AA that
may rapidly attain the micromolar range [41]. For instance, free AA rises up to 100 uM in inflamed
skin [44]. Therefore, hECFCs are sensitive to the range of AA concentrations that is predicted to exert
a physiological role in both health and disease. In particular, as more widely illustrated below, the
liberation of high amounts of AA under pathological conditions could play an important role in hECFC

activation.

The fact that the endogenous Ca®* pool is mobilized already at the lowest active dose (i.e. 5
uM) indicates that intracellular Ca®* release plays an important role in the overall Ca®* response to AA
in hECFCs. We have previously shown that the ER represents the main intracellular Ca®* reservoir in
these cells [47]. Consistently, depleting the ER Ca®* content with CPA prevented AA-induced
intracellular Ca®* mobilization. Likewise, blocking the PLC/InsP; signalling pathway with either
U73122 or 2-APB significantly reduced AA-evoked Ca®* discharge. The most likely interpretation of
these results is that AA activates a Gg-protein coupled receptor, thereby leading to PLC stimulation,
InsP3 synthesis and InsPs-dependent Ca?* release [79]. It has been shown that free fatty acids, including
AA, control insulin secretion from rat pancreas -cells by activating the rat orphan GPR40 [63].
However, palmitoleic acid failed to elevate intracellular Ca** levels under our conditions, thereby
ruling out such possibility in hRECFCs. However, it has long been known that AA stimulates the
phosphoinositide cycle and releases Ca** in non-neural tissues by promoting the association between a
700 kDa protein named AHNKAK and PLCy-1 [80-82]. It is, therefore, conceivable that the same
mechanism underlies AA-evoked InsP5 production and ER-dependent Ca®* mobilization. Yet, as
aforementioned, blocking the PLC/InsP3 signalling pathway did not fully abrogate the Ca®* response to
AA. This observation suggests that an additional source of Ca?* contributes to endogenous Ca**
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mobilization. AA directly triggers Ca’* release from RyRs in many cell types [21, 83], but RyRs are
absent in hECFCs. A recent investigation unveiled that AA liberates Ca®* stored within the acidic
stores of the EL system through a still unknown mechanism [22]. The newly discovered Ca**-releasing
messenger NAADP gates the EL Ca?* channels, TPC1 and TPC2, to increase [Ca*']; in a multitude of
cell types across the phylogenetic tree [65, 66]. NAADP very likely does so through the intermediation
of a 22- and 23-kilodalton pair of proteins [84]. We showed that TPC1 is abundantly expressed in
hECFCs, while TPC2 levels are low. Moreover, the Ca?* response to AA was nearly abolished by a
selective TPC antagonist, i.e. Ned-19, and by the depletion of EL Ca** stores with GPN. The
mechanism by which AA targets TPC1 is yet to be elucidated, but it could require the interposition of
an auxiliary/ancillary subunit, as required for NAADP [84], or an alteration in membrane curvature, as
suggested for RyRs [22]. Alternatively, AA-evoked InsPs-dependent Ca** discharge could signal back
to the acidic Ca* stores by promoting the Ca**-dependent synthesis of NAADP or by directly
stimulating TPC1 [85]. Collectively, therefore, these data indicate that AA-evoked intracellular Ca?*
release in hECFCs is shaped by two independent routes, namely InsPsRs and TPC1, which mediate
Ca’* efflux from the ER and EL Ca?* pools, respectively.

AA-dependent Ca®* inflow in vascular endothelium has long been ascribed to TRPV4 channels
[8, 10-14]. We have recently shown that a functional TRPV4 channel is expressed in hRECFCs, in which
it is sensitive to the two widely employed antagonists, RN-1734 and RR [37]. Consistent with these
studies, both these drugs profoundly reduced the amplitude of the Ca* response to AA and curtailed its
duration. These findings strongly indicate that TRPV4 is the main mediator of AA-elicited Ca®* entry
in hECFCs. Previous studies demonstrated that endothelial TRPV4 channels may be gated by lower
doses of AA [8, 13]. However, we could not find any detectable Ca®* response to 1-2 uM AA [37].
These discrepancies could be easily reconciled when recalling that the opening of a few TRPV4
channels per EC originates low amplitude, local Ca** entry events that have been termed sparklets and
cannot be visualized by conventional Fura-2- or Fluo-4-based epifluorescence imaging [86, 87]. Thus,
it is feasible that AA triggers Ca®* entry already at <5 uM also in hRECFCs, but we cannot detect it.
Two further pieces of evidence indicate that AA-dependent Ca** inflow is almost entirely carried by
TRPV4 channels. First, SOCE, a major Ca?* influx pathway in hECFCs, is inhibited by AA. Therefore,
AA depletes the ER Ca”* pool, but this does not lead to Orail and TRPC1 activation on the plasma
membrane. This result fully concurs with other reports, which showed AA-induced SOCE inhibition in

several cell models [57, 68, 69], including human ECs [9]. Second, AA-evoked Ca®* plateau at regular
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1.8 mM extracellular Ca?* concentration was totally abolished in the presence of either RN-1734 or
RR. Likewise, the delayed increase in [Ca’*]; evoked by AA after SOCE inhibition was fully
suppressed by RN-1734. These data strongly suggest that other Ca?*-permeable conductances are
unlikely to contribute to AA-dependent Ca?* influx. Once again, we cannot rule out the possibility that
other AA-sensitive pathways, such as Orai3, mediate a localized influx of Ca* that falls below the
resolution limit of our imaging system [88]. We should, however, recall that in human umbilical vein
ECs (HUVECsS), presently the sole EC model where Orai3 has been shown to bring about AA-evoked
Ca®" inflow, Orai3 translocates to the plasma membrane only upon AA conversion into LTC4 [26].
Conversely, AA metabolites do not seem to be involved in the Ca** response described in our
investigation, which makes Orai3 an unlikely actor in AA signalling in hRECFCs. The molecular bases
of TRPV4 activation by AA are still unclear. While several excellent review have recently addressed
the molecular bases of TRPV4 gating by several stimuli [89, 90], including 4a-phorbol 12,13-
didecanoate (4a-PDD), phorbol 12-myristate 13-acetate (PMA) and cell swelling, the molecular
interaction between AA and TRPV4 is unknown. As for RyRs [22], AA could alter the local lipid
microenvironment in the plasma membrane, particularly its microviscosity or stiffness, thereby
activating the channel or rendering it sensitive to an intracellular modulator (for instance Ca**, that can
stimulate TRPV4). Alternatively, AA could directly bind the channel protein, as reported for the
voltage-gated Na* channel NaV/1.5 and the voltage-gated Ca** channel CaV3 [91, 92]. No specific AA-
binding domain has been yet identified [92]. However, the electron cryo-microscopy structure of
TRPV1 revealed the presence of several lipid-binding sites, such as those located in the hydrophobic
portals linking the membrane and the central pore cavity and intersubunit segment between S5 from
one subunit and S4 from the adjacent subunit [93]. These sites have been proposed to mediate lipid

gating also in other TRP channels, such as TRPV4.

AA-evoked Ca?* signals result in NO production in mature ECs [2, 6, 12]. Likewise, several
lines of evidence indicate that AA increases intracellular NO levels in hECFCs in a Ca**-dependent
manner. First, AA-dependent NO synthesis significantly lags behind the increase in [Ca®*];, which
suggest that it cannot trigger it, as reported in other cell types [20]. Second, buffering intracellular Ca®*
levels with BAPTA at a dose known to inhibit Ca?*-dependent processes in hECFCs abolished AA-
induced NO generation. Third, any pharmacological manipulation of the Ca®* response to AA severely
compromised the accompanying elevation in NO concentration. It is particularly remarkable that both
components of AA-evoked Ca** signals, i.e. intracellular Ca** release and extracellular Ca** inflow,

18



Arachidonic acid signaling in human ECFCs

were required to recruit eNOS. This feature is evident in cells which were exposed to AA first in the
absence and then in the presence of Ca®* in the recording solution (see Fig. 6B). In neither of such
conditions AA was able to produce a detectable increase in DAF-FM fluorescence. This result was
mimicked by inhibiting either ER-dependent Ca** release, EL-dependent Ca** mobilization or TRPV4-
dependent Ca** influx alone and strongly suggests that eNOS engagement requires a global, rather than
a local [94], elevation in [Ca®']; in hECFCs. In this view, stimulating TRPV4 with GSK independently
on InsP3Rs and TPC1 produced a robust NO signal only in a minor fraction of cells as compared to
AA. These data further suggest that the co-activation of ER-, EL- and plasma membrane-resident
channels is necessary for AA to bring about a measurable elevation in DAF-FM fluorescence. It is
conceivable that eNOS lies in close proximity with different Ca®*-permeable conductances, i.e.
InsP3Rs, TPC1 and TRPV4, and that their combined recruitment is needed to elevate NO levels in
hECFCs. The finding that SOCE does not stimulate a detectable NO release is not at odd with our
recent findings on infantile hemangioma-derived ECFCs (IH-ECFCs). Accordingly, this study
demonstrated that a constitutive SOCE triggers a massive NO production in IH-ECFCs, while its effect
is much weaker in N-ECFCs [36].

In addition to triggering vasodilation [13], exogenous AA uses NO to deliver a potent
angiogenic signal to vascular ECs [2, 9]. Moreover, several growth factors, such as basic fibroblast
growth factor (bFGF) and vascular endothelial growth factor (VEGF), use AA and NO as intracellular
messengers to stimulate EC proliferation [6, 95]. Consistently, AA promoted hECFC proliferation,
albeit in conjunction with a cocktail of growth factors (i.e. the EGM-2 BulletKit) which is
commercially available to promote hECFC expansion in vitro. This finding strongly suggests that AA
per se is not capable of stimulating hECFC growth, but it may enhance this process in the presence of
other mitogens: in this view, the BM niche, which is enriched with VEGF and bFGF [39, 96],
represents a suitable microenvironment for stromal cells-released AA to promote hECFC proliferation.
In addition, hECFCs are also resident within the vascular endothelial intima, from which they are
rapidly recruited for vascular repair [28, 97]. This issue gains physiological relevance as free AA
accumulates in ischemic tissues which, at the same time, promote hECFC activation by releasing
numerous growth factors and cytokines [29, 46, 77, 98]. Therefore, AA might boost growth factors-
induced hECFC proliferation, thereby contributing to accelerate vascular repair in situ. Likewise, the
massive release of AA observed upon an intense physical exercise [43] could further enhance the local
rate of hECFC proliferation, which would facilitate the expansion of the vascular network sustaining
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skeletal muscle activity. The pro-angiogenic effect of AA was impaired by inhibiting either the
concomitant increase in [Ca®*]; or the subsequent production of NO. These results concur with the
established role for Ca?* signalling in determining hECFC fate [34, 73]. This latter feature could also
explain why targeting the Ca** machinery reduced hECFC growth significantly below the control (i.e.
EGM-2 BulletKit alone) values. Our previous work has indeed shown that such medium stimulates
hECFC expansion in a Ca**- dependent manner [36, 47, 48]. Thus, the Ca**/CaM-dependent enzyme
eNOS represents the most likely mechanistic link between AA-evoked Ca** signals and growth also in
hECFCs. It should, however, be pointed out that AA alone is able to induce proliferation in fully
differentiated ECs, such as breast tumor-derived ECs [3] and bovine aortic endothelial cells [3]. This
discrepancy reflects the well known heterogeneity in the signalling pathways endowed to mature ECs
and their precursors [34, 74]. AA-dependent EC proliferation is tightly mediated by an intracellular
Ca®* signal [2, 3, 95]. It is, therefore, conceivable that the Ca?*-dependent NO release induced by AA
in hECFCs is not sufficient to trigger the process of replication and that is must be aided by mitogens-
induced NO production. Alternatively, AA-evoked NO release may support the action of additional
proliferative pathways recruited by extracellular growth factors, such as mitogen-activated protein

kinases and extracellular-signal-regulated kinases [99].
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5. CONCLUSION

This study demonstrated that AA, a potent mitogen in mature ECs, stimulates cell growth also
in human endothelial precursors in a Ca**- and NO-dependent manner. This observation gains further
relevance when considering that hECFCs, i.e. the EPC population herein employed, is the only truly
endothelial progenitor so far identified.. The Ca®* machinery recruited by AA in hECFCs is subtly
more complex as compared to mature ECs, since, in addition to TRPV4 channels, it also involves
InsP3Rs and TPC1, although the molecular bases of their activation remain to be elucidated. Future
experiments will have to solve this issue. hRECFCs act as a double-edged sword in the organism. While
they are necessary to restore local blood perfusion upon an ischemic insult, they may sustain the highly
detrimental angiogenic switch in solid tumors. It turns out that future studies will have to assess
whether AA may serve as a useful strategy to accelerate in vitro hECFC expansion for autologous cell
therapy. Moreover, it will be important to assess whether AA influence on hECFCs is altered in tumor-
derived cells. Pioneering work by Fiorio Pla and Munaron has unveiled that AA-elicited TRPV4-
mediated Ca®* inflow in dramatically larger in breast tumoder-derived ECs (BTECs) as compared to
normal ECs [8]. This is reflected in an enhanced stimulation of cell migration in tumor-derived ECs
[8], which renders AA and TRPV4 two important actors in the process of tumor vascularisation [8,
100]. Remodelling of the intracellular Ca** toolkit is an established hallmark of tumor-associated
hECFCs [32, 48]. It will be, therefore, important to assess whether AA-evoked Ca** and NO signals are

deranged in these cells and whether such dysfunction results in abnormal cancer vascularisation.
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FIGURE LEGENDS

Figure 1. Arachidonic acid elicits a dose-dependent increase in [Ca*]; in human
endothelial colony forming cells. A, 20 pM AA induced a rapid elevation in [Ca®*]; that reversed
when the agonist was removed from the bath. The re-addition of AA at the same dose evoked a second
[Ca?*]; rise that reached the same peak as the first one. In this and the following figures, agonists and
drugs were administered at the time indicated by the horizontal bars. B, representative Ca" traces of
the dose-response relationship of AA-induced Ca** signals in hECFCs. C, mean+SE of the percentage
of responding cells recorded at various AA concentrations. D, mean+SE of the amplitude of the initial

Ca®" peak induced by various AA concentrations. The asterisk indicates p<0.05.

Figure 2. Arachidonic acid elicits both Ca®" release and Ca** entry in human endothelial
colony forming cells. HECFCs have been stimulated with different doses of AA (A, 5 uM; B, 20 uM;
C, 50 uM) in the absence of external Ca®* (0Ca*) to exclusively monitor intracellular Ca®*
mobilization. When [Ca?']; decayed to resting levels, extracellular Ca** was restored to exclusively
measure external Ca®* influx. D, mean+SE of the amplitude of Ca®* release and Ca* entry induced by

AA at the difference concentrations tested. The asterisk indicates p<0.05.

Figure 3. Arachidonic acid-evoked increase in [Ca?'];in human endothelial colony forming
cells does not require AA metabolism. A, 20 uM eicosatetraynoic acid (ETYA), a non-metabolizable
analogue of AA, causes a similar increase in [Ca], to that induced by 20 pM AA. B, mean+SE of the
percentage of responding cells recorded in the presence of ETYA (20 uM) and AA (20 uM). C,
mean+SE of the magnitude of ETYA- and AA-evoked [Ca?']; elevations.

Figure 4. InsP3Rs and TPC1 mediate AA-evoked intracellular Ca” release. A,
representative traces of the Ca* signals evoked by AA (20 uM) in the absence and in the presence of
either 2-APB (50 uM, 20 min), a specific InsP3R inhibitor, U73122 (10 uM, 10 min), which selectively
blocks PLC activity, or Ned-19 (100 uM), a selective TPC antagonist. These recordings were carried
out in the absence of extracellular Ca®* (0Ca®") in order to selectively focus on intracellular Ca**
mobilization. B, mRNA levels of TPC1 and TPC2 in hECFCs. Data are expressed as mean + SE of
three qPCR runs performed in triplicate using samples prepared from three healthy subjects. Negative
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controls were conducted by omitting reverse transcriptase reaction (not shown). The asterisk indicates
p<0.05. C, depleting the ER Ca?* pool by administrating the selective SERCA inhibitor, CPA (10 uM)
upon removal of external Ca** (0Ca®") prevented the Ca** response both to the InsPs-producing agonist,
ATP (100 uM), and to AA (20 uM). D, GPN (200 uM), a freely diffusible dipeptide that causes the
osmotic lysis of cathepsin C-positive lysosomes, caused an increase in [Ca*];. due to the liberation of
the lysosomal Ca®* content. The subsequent addition of AA (20 uM) failed to generate any detectable
Ca®* signal. E, mean+SE of the percentage of responding cells in the presence of the designated
treatments. The asterisk indicates p<0.05. F, mean+SE of the magnitude of AA-evoked [Ca*'];

elevations under the designated treatments. The asterisk indicates p<0.05.

Figure 5. Arachidonic acid activates TRPV4 and inhibits SOCE in human endothelial
colony forming cells. A, representative traces of the Ca* signals elicited by AA (20 uM) in the
absence and in the presence of RN-1734 (20 uM, 30 min) or ruthenium red (RR; 10 uM, 30 min), two
specific TRPV4 blockers. B, mean+SE of the percentage of responding cells in the presence of the
designated treatments. The asterisk indicates p<0.05. C, mean+SE of the magnitude of AA-evoked
[Ca?®']; elevations under the designated treatments. The asterisk indicates p<0.05. D, the application of
AA (20 uM) upon CPA-evoked Ca** plateau caused a rapid decrease in Ca®* entry which was due to
SOCE inhibition. The decrease in Ca** inflow was followed by a sustained Ca** signal that disappeared
when hECFCs were pre-treated in the presence of RN-1734 (20 uM, 30 min).

Figure 6. Arachidonic acid stimulates Ca**-dependent NO production in human
endothelial colony forming cells. A, representative tracings of AA-evoked NO synthesis in the
absence and in the presence of either L-NAME (100 uM, 75 min) or BAPTA (30 uM, 2 h). As evident
from the trace, there is no detectable increase in NO release under such conditions. C, representative
tracings of AA-induced NO production in the absence and in the presence of 2-APB (50 uM, 20 min)
or Ned-19 (100 uM, 1 hour). D, representative tracings of AA-evoked NO signals in the absence and in
the presence of RN-1734 (20 uM, 30 min). In all these experiments, AA was administrated at 20 uM.
E, the elevations in NO levels triggered by AA (20 uM) and ETYA (20 uM) displayed the same
amplitude and kinetics. F, mean+SE of the magnitude of AA-evoked NO synthesis under the
designated treatments. The asterisk indicated p<0.05. The amplitude of ETY A-evoked NO release was
similar to that stimulated by AA.
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Figure 7. TRPV4, but not SOCE, stimulates NO production in human endothelial colony
forming cells. A, the activation of SOCE with CPA (10 uM) did not elicit any detectable elevation in
NO levels in hECFCs. B, GSK (10 nM), a selective TRPV4 agonist, could trigger a sizeable NO signal
in hECFCs. C, mean+SE of the percentage of hECFCs showing NO production in response to either
CPA or GSK. The asterisk indicates p<0.05.

Figure 8. Arachidonic acid promotes growth factors-induced proliferation in human
endothelial colony forming cells. A, mean+SE of the fold change in hECFC proliferation under the
designated treatments. Please, note that AA (20 uM) per se was not able to induce cell replication. The
asterisk indicates p<0.05. B and C, mean+SE of the fold change in hECFC proliferation under the
designated treatments. AA does not increase the rate of cell proliferation upon inhibition of the

concomitant Ca®* and NO signals.
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Table 1. Ryanodine receptor transcripts are absent in human endothelial colony forming cells

Sample Cq (SD) Cq (SD) Cq(SD) Cq(SD) Cq(sD) Cq(SD) ACq
GAPDH  YWHAZ TBP RYR1 RYR2 RYR3 (GAPDH)
17.68 20.15 25.49 - -
NECFE 4 (0.03) 008)  (011) °
18.09 19.96 24.86 - -
hECFC 2 (0.06) (0.10) (0.12) .
hECEC 3 17.61 19.25 24.47 - - - -
K562 17.15 19.14 2221 3210 - 14.95
(0.01) (0.03) (0.08)  (0.14)
17.14 19.13 23.02 - -
SN (0.02) 0.001)  (0.04) y
. 17.26 21.86 2461 3882 - 21.56
(0.13) (0.28) (0.07)  (0.55)
18.28 22.20 26.32 - -
HELA (0.06) (0.06) (0.05) i
18.27 20.09 24.53 34.11 - 15.84
Mesenchymal - ) g (0.18) 0.05) (0.07)
HUVEC 17.81 19.47 24.62 _ 39.18  21.37

(0.03) (0.02) (0.01) (0.12)
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