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ABSTRACT

Catecholamine (CAT) release from chromaffin tissue plays an essential role in the fetus which develops in
a low O, environment (hypoxia). To address molecular mechanisms regulating CAT secretion in low O,
we exposed a fetal chromaffin-derived cell line (MAH cells) to chronic hypoxia (CHox; 2% O,, 24 h) and
assessed gene expression using microarrays, quantitative RT-PCR, and western blot. CHox caused a dra-
matic ~12x upregulation of adenosine A2a receptor (A2aR) mRNA, an effect critically dependent upon
hypoxia-inducible factor (HIF)-2o. which bound the promoter of the A2aR gene. In amperometric studies,
acute hypoxia and high K* (30 mM) evoked quantal CAT secretion that was enhanced after CHox, and fur-
ther potentiated during simultaneous A2aR activation by adenosine. A2aR activation also enhanced stim-
ulus-induced rise in intracellular Ca®* in control, but not HIF-20-deficient, MAH cells. Thus, A2aR,
adenosine, and HIF-2a are key contributors to the potentiation of CAT secretion in developing chromaffin
cells during chronic hypoxia.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Chronic low O, (hypoxia) is an important physiological stressor
in utero that is required for proper fetal development [1-3]. In addi-
tion, circulating catecholamines (CAT) help mediate fetal survival
by maintaining O, homeostasis [3]. Thus CAT-deficient mice arising
from null mutations in the biosynthetic enzyme tyrosine hydroxy-
lase [4], or the transcription factor EPAS1 (also known as hypoxia-
inducible factor-2ot; HIF-2at), die around embryonic day (E) 13.5-
14.5 [5], because of their failure to produce norepinephrine which
critically maintains cardiac function during fetal hypoxia [3]. The
induction of HIF transcription factors during fetal hypoxia helps
promote hematopoiesis, chondrogenesis, and angiogenesis [6-8],
and recent evidence suggests that HIF-2« is also required for the
development of other CAT-biosynthetic enzymes [9]. At birth, hy-
poxia, as a consequence of uterine contractions and neonatal apne-
as, elicits a critical CAT surge from adrenomedullary chromaffin
cells (AMC) that aids in the preparation of the lungs for air breath-
ing and the maintenance of cardiac conductance [10,11]. Thus, from
around mid-gestation to the early postnatal period, there is an in-
ter-dependence between O, tension and catecholaminergic func-
tions in sympathoadrenal cells that is crucial for survival.
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Despite their physiological importance, the cellular and molec-
ular mechanisms regulating catecholaminergic functions in chro-
maffin tissue during fetal development are poorly understood. To
mimic the low PO, microenvironment, several investigators have
exposed the chromaffin-derived PC12 cell line to chronic hypoxia
in vitro in order to investigate changes in gene expression [12-
15]. However, because this cell line was derived from adult rat
adrenal medulla, it is arguable whether it truly recapitulates the
developmental status of fetal chromaffin cells. Nonetheless in
one such study, exposure of PC 12 cells to chronic hypoxia aug-
mented hypoxia-evoked CAT secretion as a result of increased fre-
quency and size of quantal events [14]. On the other hand,
exposure of primary adult rat AMC cells to chronic hypoxia caused
upregulation of oy T-type Ca®* channels and low-threshold CAT
secretion, without alteration in the quantal events [16]. These data
contrast with the observation that after several days exposure of
neonates to chronic hypoxia, acute hypoxia-evoked CAT secretion
is attenuated [17].

In order to preserve the embryonic status, the present study uti-
lized an immortalized chromaffin cell line (MAH cells) derived from
fetal E14 rat adrenal medulla [18]. Importantly, this line has re-
tained several characteristics of its fetal sympathoadrenal (SA) pro-
genitor, and expresses similar electrophysiological properties to
fetal and neonatal primary AMC [19]. Interestingly, we observed a
dramatic HIF-2a-dependent upregulation of adenosine 2a receptor
(A2aR) expression in MAH cells after chronic hypoxia. We hypoth-
esized that these receptors may participate in stressor-evoked CAT
secretion via autocrine or paracrine feedback pathways, and indeed
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found that A2aR activation regulated Ca* signaling and CAT secre-
tion in these cells, especially after chronic hypoxia.

2. Materials and methods
2.1. Cell culture

Immortalized MAH cells were passaged and grown as previ-
ously described [18,20]. HIF-2a. knock-down and scrambled con-
trol MAH cells were generated and grown in a humidified
atmosphere of 95% air-5% CO, as previously described [9].

2.2. Microarray protocol

Five micrograms of total RNA were used to prepare biotin-la-
beled complementary RNA (cRNA) which was hybridized to Rat
genome 230 v2.0 arrays by Affymetrix (Santa Clara, CA, USA).
One-cycle target labeling assay was used to generate cDNA in a
reverse-transcription reaction with SuperScript II (Invitrogen,
Carlsbad, CA, USA) enzyme, which was then subsequently purified
and in vitro transcribed to biotin-labeled RNA using T7 RNA poly-
merase. Following the IVT reaction, RNA was fragmented and
hybridized onto the GeneChips for 16 h at 45 °C. Procedures that
involved washing, staining with streptavidin-phycoerythrin
(SAPE) and scanning were done in accordance with the WS004 pro-
tocol in the Command Console software. After scanning, raw fluo-
rescence data (cel files) were converted to normalized expression
indices using the PLIER algorithm in Genespring software (Agilent
Technologies, La Jolla, CA, USA). Arrays were done in triplicate and
differential expression analysis was done on filtered probes
(expression above the average background) using one-way ANOVA
with a p-value multiple testing correction threshold set to 0.05.

2.3. Western blots

Nuclear protein was extracted from cells as previously de-
scribed [9,20], and total cell lysate extracted using RIPA buffer (Tris
50 mM; NaCl 150 mM; SDS 0.1%; Sodium Deoxycholate 0.5%; Tri-
ton X 100 1% and protease inhibitors). Protein was run on 8% SDS
polyacrylamide gel and transferred to PVDF membrane. Blots were
incubated in either 1:1000 dilution of HIF-2a rabbit polyclonal
antibody (Novus Biologicals, Littleton, CO), 1:2000 dilution of
Tata-Binding-Protein rabbit polyclonal antibody (Santa Cruz Bio-
technology, Santa Cruz, CA), 1:1000 adenosine A2aR antibody (Mil-
lipore, USA) at 4 °C overnight. Western blots were performed at
least 3 times and a representative blot is shown in the figs.

2.4. Reverse transcription

RNA from MAH cell cultures was extracted using the RNeasy
Mini Kit (Qiagen, Valencia, CA, USA) following the manufacturer’s
protocol. RNA was quantified in an Eppendorf Biophotometer and
500 ng were treated with DNase I (Invitrogen, Carlsbad, CA, USA)
to remove any contaminating DNA. Reverse transcription was car-
ried out on 100 ng of DNase- treated RNA using Superscript III
(Invitrogen) and random primers (100 ng). A no RT control was
also run to test for the presence of DNA contamination (data not
shown).

2.5. Quantitative PCR

QPCR was carried out using the Absolute QPCR SYBR Green Mix
(Abgene, Epson, UK) and a Stratagene MX3000P (La Jolla, CA, USA)
machine. Analysis was done using the Stratagene MX3000p soft-
ware using the AACT method. Gene-specific primers were

designed using GeneFisher [21], and synthesized by a local facility
(MOBIX, McMaster University). The following primers were used
and listed as gene amplified, sequence (forward, reverse), and
annealing temperature: Lamin A/C: 5'-GCAGTACAAGAAGGAGC-
TA-3' and 5-CAGCAATTCCTGGTACTCA-3’, 55°C; A2aR: 5-TAG-
TTAGCCCTCCCAGGGACA-3’ and 5-TGTACACCGAGGAGCCCATG-3/,
55 °C. PCR products were sequenced (at MOBIX) using an ABI Prism
automated Sequencer (with T7 polymerase). The sequencing re-
sults were analyzed by BLAST and the sequences were matched
to the Rattus norvegicus Lamin (GenBank accession number
NM_001002016) and A2aR (GenBank accession number
NM_053294.3).

2.6. Chromatin immunoprecipitation (ChIP) assay

MAH cells were plated into 100 mm dishes and grown to 75%
confluence before addition of 1% formaldehyde to the medium
for 10 min at 37 °C. ChIP protocol was followed as previously de-
scribed [9]. PCR was performed with primers that amplify a region
in the adenosine A2a receptor promoter containing the putative
hypoxia response elements (HRE); forward [5-AGG AGT CAC
GGT TTC ACA GGC-3'] and reverse [5-TCC ACA AGG CAT CAG GC
TG-3']) or downstream site (~4 kb downstream); forward [5-CTC
TCT TCC ATC CAC CGT TGC-3'] and reverse [5-ATG CCA AAC ACG
GAA CCC A-3'] by standard PCR.

2.7. Confocal immunofluorescence

Procedures for immunofluorescence labelling of MAH cells
were similar to those described in previous studies from this
laboratory [19,22]. The primary antibodies were: anti-tyrosine
hydroxylase (1:1000; Millipore, Bellerica, MA, USA) and anti-
adenosine A2a receptor (1:400; Millipore). Secondary antibody,
conjugated with FITC or Texas red (Jackson Labs, Bar Harbour,
ME, USA), was diluted in phosphate - buffered saline (1:50) and
incubated for 1 h at room temperature. Positive immunofluores-
cence was visualized using a Zeiss Laser Scanning (Confocal) Sys-
tem LSM 510 equipped with argon (488 nm) and helium-neon
lasers (543, 633 nm). Confocal data acquisition, digital image
manipulation and presentation were performed using Zeiss LSM
Image Browser and Image] (version 1.421, NIH, USA), together
with Adobe Photoshop CS3 Extended (version 10.0.1) and Adobe
[llustrator CS3 (13.0.1).

2.8. Carbon fiber amperometry

Catecholamine secretion from MAH cells was monitored using
carbon fiber amperometry as previously described [22]. The cul-
ture was perfused under gravity with Hepes-buffered extracellular
solution containing (mM): NaCl, 135; KCl, 5; CaCl,, 2; MgCl,, 2;
glucose, 10; and HEPES, 10 (pH 7.4) at 37 °C. High K* (30 mM ) solu-
tions were used after equimolar substitution for NaCl. Solutions
were made hypoxic (PO, ~20 mm Hg) by bubbling with N, gas.
Data acquisition and analysis were carried out as previously de-
scribed (Buttigieg et al. 2008b). Quantal events smaller than 2.58
x S.D. of the mean base line noise were excluded from the analysis
(99% C.L.), and spike frequency was calculated as the number of
spike events/min.

2.9. Intracellular Ca®* measurements

Intracellular [Ca®*] was monitored in MAH cells using fura-2
fluorescence. Experimental procedures, including data acquisition
and analysis, were identical to those described for these cells in
previous studies from this laboratory [22,23].
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2.10. Statistical analysis

Results were expressed as mean = SEM, and statistical compar-
isons were done using ANOVA and nonparametric tests (Mann-
Whitney U) as appropriate.

3. Results

3.1. Chronic hypoxia upregulates adenosine A2a receptor expression
via HIF-2a

As we reported previously [20], exposure to chronic hypoxia
(Chox; 2% 03, 24 h) caused a robust induction of HIF-2a protein
in wild type (wt) and scrambled control (scCont) MAH cells, but
not in a stable MAH cell line bearing >90% knockdown of HIF-2a
mRNA (shHIF2a) (Fig. 1A). As a first step towards identifying po-
tential genes regulated by CHox in a HIF-2a-dependent manner
we used DNA microarrays (Affymetrix Rat 230 v2.0 whole genome
array) on samples obtained from wt and shHIF2o. MAH cells. From
the array, the upregulation of the adenosine A2a receptor (A2aR)
mRNA by CHox was robust and, unexpectedly, this was critically
dependent on HIF-20.. The microarray and quantitative RT-PCR
(QPCR) data indicated that after exposure to CHox A2aR mRNA
was upregulated ~13 and ~9.5fold respectively in wtMAH cells
(Table 1; Fig. 1B). These data are consistent with previous studies
on PC12 cells showing increased expression of A2aR during CHox
[13]. However, in contrast to the latter study, where no direct role
of HIF was found, the upregulation of A2aR mRNA and protein dur-
ing CHox was completely abolished in HIF-2a -deficient (shHIF2at)
MAH cells (Table 1; Fig. 1B and C). In scrambled control

wit shHIF2a scCont.

experiments, scContMAH cells showed the expected upregulation
of A2aR mRNA and protein after CHox (Fig. 1B and C). To confirm
at the protein level that A2aR is expressed at the membrane we
used immunocytochemistry. As illustrated in Fig. 1D, positive
(and sometimes punctate) A2aR immunofluorescence could be
demonstrated with confocal microscopy in tyrosine hydroxylase
(TH)-positive MAH cells.

3.2. HIF-2« interaction with adenosine A2a receptor promoter

Because the upregulation of A2aR mRNA in MAH cells during
CHox was dependent on HIF-2a, the promoter region of the A2a
receptor gene (adora2a) was examined for possible HIF-2at binding
sites or hypoxia response elements (HREs). The promoter region of
adora2a contains a putative HRE ~34 bp upstream of the start of
exon 1 (GCGTGGACTTGAAGCGACCACGT) which is conserved in
both the rat and mouse sequence [24] (Fig. 2A). To test whether
or not HIF-2a binds to this region of the adora2a promoter in intact
cells, chromatin immunoprecipitation (ChIP) assays were done on
shHIF2a and scControl MAH cells exposed to normoxia (Nox),
CHox, and desferrioxamine (DFX), an iron chelator that induces
HIF-2a under normoxia [20]. DNA was purified from the immuno-
precipitate complex probed with HIF-2a antibodies, and PCR was
performed using primers specific for the promoter region and a
downstream region (exon 2) of the adora2a gene. As illustrated
in Fig. 2B, PCR of the promoter region yielded positive bands in
scCont MAH cells exposed to CHox or DFX (100 uM). On the other
hand, no positive bands were detected in HIF-2o -deficient
(shHIF2at) MAH cells regardless of whether they were exposed to
CHox or DFX (Fig. 2B). In control experiments, the primers used

(%) . [<J (%) . (<3
&\AQ Ooé‘ ®<<‘" S\AQ o°°\ @0
R SR

A2aR

Fig. 1. Expression of HIF-2o and adenosine 2a receptor (A2aR) in control and mutant chromaffin cells. (A) Western blot on nuclear protein for HIF-2o (top panel) in wtMAH,
scCont and shHIF2o MAH cells grown under normoxia (Nox; 21% O,) and chronic hypoxia (CHox; 2% O, 4 h), with TBP as internal loading control (bottom panel). (B) RT-PCR
on RNA from wtMAH, scCont, and shHIF2o. MAH cells grown under Nox (21% O,) or CHox (2% O, 24 h). Primers were specific for the 5'UTR of the A2aR mRNA (top panel);
Lamin A/C was used as an internal control (bottom panel). (C) Western blot on total protein for A2aR (top panel) in wtMAH, scCont or shHIF2a MAH cells grown under Nox
(21% 03) vs CHox (2% O, 24 h), with B-actin as an internal loading control (bottom panel). (D) Immunofluorescence detection of A2aR (green) and tyrosine hydroxylase (TH;
red) in same microscopic field of (normoxic) MAH cells. Scale bar represents 10 um. (For interpretation of the references to color in this figure legend, the reader is referred to

the web version of this article.)
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Table 1

Differential expression of adenosine A2a receptor in wtMAH and HIF-2a-deficient (shHIF2o) MAH cells during chronic hypoxia. Fold change represents difference in expression
from normoxic (21% O, 24 h) wtMAH and shHIF2a. MAH cells compared to chronically hypoxic (2% O, 24 h) wtMAH and shHIF2a MAH cells. Microarray analyses were

performed in triplicate and validated by quantitative RT-PCR (n = 3).

wtMAH cells shHIF2o MAH cells
Microarray RT-PCR Microarray RT-PCR
Fold change p-value Fold change p-value Fold change p-value Fold change p-value
Adenosine A2a receptor 13.08 0.0031 9.53 0.021 1.08 0.214 -1.25 0.265
A
Hypoxia Response Element xon 1
Rat GAGGCGGTCAGGACGCGTGGACTTGAAGCGACCACGTTGGGGAGAAGGGTGCTTTGCTGCGGGTCCCATCACCACCTAGTTAGCCCTCCCAG
Mouse GAGGCGGTCAGGACGCGTGGACCTGAAGCGCCCACGTTGGGGCGAAGGGTGCTTTGCTGCCGGACCCATCACCACCTC----GCCCTTCCAG
\ - -——— -
\ - -
\ - -
\ - -
\ - -
\K -———"" I_'{-yATG
adora?a 8.3kb 7.6kb
v v
Exon 1 Exon 2 Exon 3
B scCont. shHIF2a  scCont. shHIF2a
ARl g < S <<‘\‘ - 6"
S* KR
PCR: %O < 0‘2‘ SH 0<< 0‘2‘ é %
Promoter
Exon 2
IP: HIF-2a INPUT

Fig. 2. Putative hypoxia response Element (HRE) in the rat and mouse adora2a gene. (A) Schematic diagram of rat and mouse HRE, located ~34 bp upstream of exon 1. (B)
Chromatin Immunoprecipitation (ChIP) of the adora2a gene using HIF-2o antibody. Cell lysate from normoxic, chronically hypoxic (2% O,; 24 h), and desferrioxamine-treated
(DFX, 100 uM) scCont and HIF2a-deficient (shHIF2a) MAH cells was precipitated with rabbit HIF-2a polyclonal antibody. The associated DNA was amplified by PCR using

primers specific for the promoter region or exon2 of the rat adora2a gene.

successfully amplified their targets in the input samples (Fig. 2B;
input). These data indicate that HIF-2a specifically associates with
the promoter region of the adora2a gene.

3.3. Adenosine enhances acute hypoxia- and high K*-evoked
catecholamine secretion from MAH cells via adenosine A2a receptors:
effects of chronic hypoxia

In this study quantal catecholamine (CAT) secretory events re-
corded from MAH cells in response to acute hypoxia and high K*
resembled those reported in previous studies from this laboratory
(Fig. 3A) (Buttigieg et al. 2008a). However, when these stimuli
were combined with exogenous adenosine (ADO; 5nM), both
mean quantal charge Q (Fig. 3B and E) and quantal event frequency
(Fig. 3C and F) were significantly increased. Consequently, there
was a marked potentiation in total CAT secretion, reflected by
cumulative charge (Fig. 3D and G). Consistent with the upregula-

tion of A2aR in MAH cells grown under CHox (Table 1), stimulus-
evoked CAT secretion was greatly potentiated in these CHox cells
exposed to 5 nM ADO (Fig. 3B-G). Though cumulative basal secre-
tion was significantly elevated ~2 x after Chox, the effect of ADO in
enhancing this secretion appeared significant only under normoxia
(data not shown).

3.4. Effects of chronic hypoxia on intracellular Ca**
control and HIF-2« deficient (shHIF20) MAH cells

signalling in

Because upregulation of A2aR in chronically hypoxic MAH cells
was HIF-2a-dependent, we anticipated that the facilitatory effects
of ADO on secretion would be blunted in HIF-2a-deficient (shHI-
F2a) cells. The greatly diminished synthesis of catecholamines in
shHIF2o MAH cells [9] precluded the use of amperometry for these
studies. We therefore monitored stimulus-evoked changes in intra-
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Fig. 3. Effects of adenosine on evoked catecholamine release from MAH cells grown under normoxia (Nox; 21% O;) vs chronic hypoxia (Chox; 2% O, 24 h). Representative
traces of quantal catecholamine (CAT) secretion from the same normoxic MAH cell exposed to acute hypoxia before (left trace) and during (right trace) adenosine (Ado; 5 nM)
is shown in A; note Ado potentiation of hypoxia-evoked CAT secretion (right). Release parameters, i.e. mean quantal charge Q (B and E), event frequency (C and F), and
cumulative charge (D and G), were obtained for Nox and Chox cells before and during exposure to adenosine (Ado; 5 nM). CAT secretion was evoked by acute hypoxia (PO,
~20 mm Hg) in (B), (C), and (D), and by the depolarizing stimulus high K* in E, F, and G. Significant differences are as follows: *indicates p < 0.05, ** indicates p < 0.01
and *** indicates p < 0.001. Data are represented as mean = SEM, where n = 24 cells.

cellular Ca?" [Ca]; levels using Fura-2 spectrofluorimetry as
previously described (Fig. 4A and B) [22,23]. Chronic hypoxia
caused a significant increase in basal [Ca]; levels in all MAH cells
by approximately 30 nM (58 vs 90 nM, data not shown), though
there were no significant differences among wild type (wt), scram-
bled scControl, and shHIF2a cells (data not shown). As illustrated
in Fig. 4C and D, in wild type and scControl MAH cells grown under
Nox (21% 0,) and CHox (2% O,; 24 h), high K* evoked a significant
rise in [Ca]; that was potentiated by high concentrations of ADO
(50 uM), sufficient to activate both A2aR and A2bR [25,26]; lower
concentrations of ADO (5 nM), similar to those used in the amper-
ometric studies reported above were ineffective for reasons that
are unclear (data not shown). By contrast, in HIF-2a-deficient
(shHIF2a) cells, high concentrations of ADO (50 uM) failed to affect
intracellular Ca®" signals evoked by high K" even after CHox
(Fig. 4E). These functional data are consistent with QPCR data

showing the failure of CHox to upregulate A2aR expression in
HIF-2a-deficient MAH cells (Table 1). Also, these data suggest that
there may be no compensatory increased expression of low affinity
A2bR in HIF-20-deficient MAH cells.

4. Discussion

This study has provided new insight into potential cellular and
molecular mechanisms regulating catecholamine secretion in
developing adrenomedullary chromaffin cells (AMC) during
chronic hypoxia (CHox). Such mechanisms are of interest because
the physiological intrauterine environment is constitutively hyp-
oxic (vascular PO, < 30 mm Hg) and this condition, together with
the availability of circulating catecholamines, is critical for proper
development (Iwamoto et al. 1989; Bulterys et al. 1990; Ream
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Fig. 4. Effects of adenosine on high K*-evoked intracellular [Ca%*] in MAH cells cultured under normoxia (Nox; 21% 0,) vs chronic hypoxia (CHox; 2% O, 24 h). Representative
traces of intracellular Ca?* signals in control (WtMAH) and HIF2a.- deficient (shHIF2o. MAH) cells are shown in (A) and (B). Mean data for intracellular [Ca®*] during exposure
to high K* (30 mM) in the presence or absence of adenosine (Ado; 50 M) in wt (C), scrambled control (scCont) (D), and HIF2a-deficient (shHIF2a) (E), MAH cells. *Indicates
p <0.05, ** indicates <0.01 and *** indicates p < 0.001. Data are represented as mean + SEM.

et al. 2008). Using a combination of molecular tools, we found that
CHox caused a dramatic upregulation of adenosine 2a receptor
(A2aR) expression in a fetal-derived, chromaffin (MAH) cell model.
Significantly, we showed that this upregulation was HIF-2a-
dependent, and that exogenous adenosine potentiated catechol-
amine secretion, especially after chronic hypoxia.

4.1. HIF-2« binds to the promoter of A2aR gene

Though A2aR was previously shown to be upregulated in PC12
cells during chronic hypoxia, no HIF binding site was identified in
the rat A2aR gene (adora2a) promoter region, and therefore no di-
rect link between HIF transcription factor(s) and adora2a was
found [13]. By contrast, our data indicated that the upregulation
of A2aR gene expression and function during chronic hypoxia
was critically dependent on HIF-2a. Interestingly, in a recent study
chronic hypoxia increased the expression of A2aR in human endo-
thelial cells via HIF-2a, however, the effect was not observed in
mouse endothelial cells [27]. The apparent discrepancy between
these data and our study is explained by the fact that the former
studies focused on the area immediately upstream of the coding
region in the adora2a gene. However, it is now known that the
adora2a mRNA has a large 5’ untranslated region (UTR) encoded
by another upstream exon (GenelD 25369). Moreover, it appears
that A2aR can have many 5’-UTR splice variants with profound ef-
fects on the translation of mRNA and consequently receptor
expression [28]. The primers used in our RT-PCR reactions targeted
this exon and it was found that the A2aR isoform containing a lar-
ger 5" UTR was upregulated in both wild type and scrambled con-

trol, but not in HIF-2a-deficient, MAH cells. Examination of the
area upstream of this region in the adora2a gene revealed a puta-
tive HRE (GCG TGG ACT TGA AGC GAC CAC GT) and chromatin
immunoprecipitation assays showed that HIF-2a bound to this re-
gion, providing direct evidence for a role of HIF-2a in the hypoxic
regulation of the adenosine A2aR gene in rat cells.

In summary, we have identified a critical role for HIF-2a in the
upregulation of A2aR in fetal-derived chromaffin cells during
chronic hypoxia. We propose that autocrine-paracrine activation
of these A2aR by released adenosine may be physiologically impor-
tant for enhancing catecholamine secretion, necessary for proper
fetal development. It may also play a role during the transition to
extrauterine life, where a surge in catecholamine secretion in re-
sponse to asphyxial stressors at birth is critically important in
the preparation of the lungs for air breathing [11].
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