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Abstract

The concentrations of extracellularly released nucleotides are controlled by metabolism via ecto-
nucleotidases, but the precise physiological roles of the ecto-nucleoside triphosphate
diphosphohydrolases in the modulation of purinergic receptor signalling are still unclear. Bacterial
endotoxin lipopolysaccharide (LPS) treatment (administered intraperitoneally, 2 mg/kg body
weight) of rats resulted in no significant changes in the overall ecto-nucleotidase activities of the
hippocampus, however, LPS treatment did cause transient changes in the morphology of
endothelial cells and pericytes and in the localization pattern of ecto-ATPase activity in rat
hippocampus. The transient decrease in NTPDasel (ecto-nucleoside triphosphate
diphosphohydrolasel) activity, located on the luminal side of the endothelial cells, was balanced
by increases in ecto-nucleotidase activities in pericytes and at other sites, consistent with an
unchanged overall ecto-ATPase activity of the hippocampus.

Since the transient loss of NTPDasel activity was not accompanied by a loss of NTPDasel
protein, we hypothesize that LPS caused transient alterations in the lipid membranes, since
NTPDasel activity is known to be sensitive to changes in membrane structure via its
transmembrane domains. After 2—-3 days, the LPS-induced changes in cell morphology and ecto-
nucleotidase localization disappeared. We conclude that a low dose of LPS causes transient
changes in the localization pattern of ecto-nucleotidases in endothelial cells and pericytes, which,
coupled with the observed cellular morphological changes, may indicate modified cellular
signalling in the hippocampus.
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1. Introduction

The concentration of extracellular ATP is controlled by several different ecto-nucleotidases
working in concert, including the ecto-nucleotide pyrophosphatases/phosphodiesterases (E-
NPPs), the ecto-nucleoside triphosphate diphosphohydrolases (E-NTPDases), and the
ecto-5’-nucleotidase/ CD73 (Atkinson et al., 2006; Baraldi et al., 2004; Bianco et al., 2005;
Bigonnesse et al., 2004; Derks and Beaman, 2004; Kittel et al., 2005; Kukulski et al., 2005;
Meme et al., 2004; Robson et al., 2005, 2006; Strater, 2006). Approximately 10 years ago it
was demonstrated that the lymphocyte cell marker CD39 (Maliszewski et al., 1994) (now
named NTPDasel) is the major ecto-nucleotidase present in the vasculature. This enzyme,
found in endothelial (Enjyoji et al., 1999; Kaczmarek et al., 1996; Marcus et al., 1997) and
smooth muscle cells (Braun et al., 2000; Kittel et al., 2002; Kordas et al., 2004), is also
expressed by microglia (Braun et al., 2000) which release massive amounts of ATP during
inflammation or upon stimulation with the bacterial endotoxin lipopolysaccharide (LPS)
(Ferrari et al., 1997; Sperlagh et al., 1998). NTPDase2, an ecto-nucleotidase which favors
hydrolysis of nucleoside triphosphates over diphosphates (an ecto-ATPase), is the dominant
ecto-nucleotidase on neural precursor cells of the dentate gyrus (Wink et al., 2006), non-
myelinated Schwann cells, and peripheral glia cells (Braun et al., 2003, 2004). A third cell-
surface NTPDase, NTPDase3, appears to be exclusively expressed by neurons in very
limited regions of the brain (Belcher et al., 2006). Expression of NTPDasel on the luminal
side and NTPDase2 on the basolateral side of endothelial cells (Kittel et al., 2004b), along
with the presence of NTPDase2 in the neighbouring astrocytes and nearby glial cells, and
NTPDase3 expression on neuronal cells, may suggest a concerted, functionally linked role
for these enzymes in the regulation of extracellular nucleotide concentrations in this part of
the brain (Belcher et al., 2006; Kittel et al., 2004b).

Extracellular ATP is an cellular signalling molecule, mediating a variety of biological
responses in the nervous system by binding different P2 nucleotide receptors (Ralevic and
Burnstock, 1998). Various traumas, viral infections and inflammatory processes, including
LPS-triggered inflammation, increase the amount of extracellular ATP released by several
types of cells (Derks and Beaman, 2004; Ferrari et al., 1997; Kaczmarek et al., 1996;
Maliszewski et al., 1994). Importantly, activation of P2X7 receptors initiates an
inflammatory response, via induction of the secretion of IL-1 beta from the endothelium, as
well as from macrophages, astrocytes and microglial cells (Derks and Beaman, 2004; Ferrari
etal., 1997).

The duration of action of extracellular ATP is controlled by its metabolism, which is
catalyzed by ecto-nucleotidases, including the NTPDases. It is known that the nucleotidase
activity of the cell-surface, integral membrane protein NTPDases can be modified by
structural changes in the cell membrane (Grinthal and Guidotti, 2007; Pizzirani et al., 2007;
Wang et al., 1998; Wu et al., 2005), which are known to occur during inflammation (Kittel et
al., 1999b, 2005). Although high ecto-ATPase activity and the presence of three members of
the NTPDase family of ecto-nucleotidases were previously shown to be expressed in the
brain in separate studies (Belcher et al., 2006; Braun et al., 1998, 2004; Kittel, 1994; Kittel
and Bacsy, 1994), the interplay between these enzymes, as well as their significance for
central nervous system function, are only starting to be appreciated. In addition to the three
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cell surface NTPDases known to be expressed in brain (NTPDasel1-3), there are five other
NTPDase enzymes expressed in mammals. However, these five NTPDases do not appear to
be of physiological importance in the regulation of P2 receptor signalling in the brain, since
NTPDase4-7 are mainly associated with intracellular organelles and NTPDase8 mRNA was
not detected in the brain (Atkinson et al., 2006; Bigonnesse et al., 2004). The goal of the
present study was to investigate the consequences of LPS-triggered inflammation on ATP
hydrolysis in the rat hippocampus, and to determine changes in the expression and
localization of ecto-nucleotidases which modulate purinergic signalling in the hippocampus.

2. Experimental procedures

All animal procedures were carried out in accordance with the guidelines of the Institutional
Ethical Committee for Experimental Animals. Every effort was made to minimize the
number of animals used and their suffering.

2.1. Materials

Chemicals were purchased from Sigma Chemical (St. Louis, MO) unless otherwise
indicated.

2.1.1. Antibodies—A rabbit polyclonal antibody against rat NTPDasel (rN1-6L, 14) was
generated by a cDNA immunization technique. The properties and specificity of that
antibody have recently been reported (Fausther et al., 2007). Antisera against the C-terminal
peptide sequence of the rat NTPDase2 (CLRQVRSAKSPGAL-oh) were generated in Dr.
Kirley’s laboratory, and behaved in a similar fashion to antisera raised against the C-terminal
peptide sequence of the human NTPDase2 reported previously (Hicks-Berger and Kirley,
2000).

2.2. Methods

2.2.1. LPS treatment—Male Wistar rats (200-230 g, bred in the local animal house) were
injected intraperitoneally with LPS (2 mg/kg body weight). Five rats were used for each
time point (2 h, 1 day, 2 days, 3 days, and 4 days after LPS treatment).

Rats were anaesthetized with CO, and decapitated. The hippocampus from each animal was
excised, part used for Western blot experiments, and part used for HPLC analyses.

2.2.2. Western blot analysis—Tissue blocks of rat hippocampi for Western blot analysis
were kept at =80 °C until used. The tissue samples were placed in liquid nitrogen, ground to
powder and homogenized in PBS. The protein concentration of each sample was measured
using the Lowry method (Lowry et al., 1951) and adjusted with SDS-PAGE sample buffer to
2 mg/ml. Forty micrograms of each protein sample was separated by means of gradient
SDS-PAGE (8-12% acrylamide) and transferred to nitrocellulose filters (Amersham Life
Science Inc., Germany). The filters were blocked with 3% BSA (dissolved in 0.1% Tween-
PBS), and probed overnight with either polyclonal NTPDasel antibody (rN1-6L, 14) at a
dilution of 1:1000, or polyclonal NTPDase2 antibody at a dilution of 1:2000. Other details
of immunoblotting and the ECL detection method were performed as indicated by the
manufacturer (Amersham Life Science Inc., Germany).
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2.2.3. High-performance liquid chromatography (HPLC) analysis of ATP
metabolism—Freshly removed hippocampi were immediately placed into ice-cold Krebs
solution oxygenated with 95% O, and 5% CO,. Four hundred micrometer thick slices were
cut transversely with a Mcllwain tissue chopper and incubated in 3 ml of Krebs solution at
37 °C, saturated with 95% O, + 5% CO». Subsequently, 20 uM ATP was added to the bath
and aliquots of 70 pl were taken out 2.5, 5, 10, 15, 20, 25, 30 and 60 min. The
concentrations of ATP, ADP, AMP, adenosine, and inosine in the aliquots were measured by
high-performance liquid chromatography combined with ultraviolet detection (HPLC-UV)
according to the method described earlier (Kittel et al., 2005). The identification and
quantification of different purines was based on the retention times and peak areas of known
amounts of standards, and was carried out by the Agilent ChemStation program. A linear
correlation between the peak area and the injected amount was observed for all the
nucleotides. The actual concentrations of ATP, ADP, AMP adenosine, and inosine were
expressed in uM units.

2.2.4. Preparation of tissue sections for immuno- and enzyme-histochemical
staining—Animals were anaesthetized with ketamine (60 mg/kg i.p.) and transcardially
perfused briefly with a 0.9% NaCl solution. Perfusion fixation was performed with cold
Zamboni fixative (4% paraformaldehyde, 0.5% glutaraldehyde (Taab Equipment Ltd.,
Aldermaston, Berkshire, England), containing 15% saturated picric acid in 0.1 M phosphate
buffer, pH 7.4). The brain was removed and post-fixed for 1 h in 4% paraformaldehyde.
Coronal 40 um sections of the desired area containing hippocampus were cut using a
vibrating microtome (VT1000S; Leica Microsystems, Milton Keynes, UK). Tissue sections
were separated into two groups. Sections for immunohistochemistry were washed and kept
in 0.1 M PBS, and other sections for enzyme histochemistry were washed in PBS and
subsequently thoroughly rinsed several times in 0.07 M Tris—maleate buffer (pH 7.4) to
remove all traces of phosphate.

2.2.5. Immunohistochemical staining for NTPDasel—After the fixative was washed
out, the rat brain coronal sections were incubated in blocking solution (PBS containing 5%
normal goat serum and 1 mg/ml bovine serum albumin) for 1 h at 22 °C. Incubation in the
solution of the polyclonal NTPDasel antibody (rN1-6L, 14 at 1:500 dilution), was
performed overnight at 4 °C. Following three, 10 min washes in PBS, the sections were
incubated with biotinylated secondary antibody for 2 h. The staining was performed with
Vectastain ABC Elite kit (Mector Laboratories; Burlingame, CA) using 3,3-
diaminobenzidine (DAB) as the chromogen, according to the manufacturer’s instructions.
After washing thoroughly with distilled water, sections were postfixed in 1% OsO4,
dehydrated in ethanol, stained with 2% uranyl acetate in 70% ethanol for 1 h, and embedded
in Taab 812 (Taab Equipment Ltd.). Negative control experiments were performed using the
same protocol but substituting pre-immune serum for the primary antibody. Ultrathin
sections were cut using a Leica UCT ultramicrotome (Leica Microsystems, Milton Keynes,
UK) and examined using a Hitachi 7100 transmission electron microscope (Hitachi; Tokyo,
Japan).
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2.2.6. Enzyme histochemistry for detection of ecto-ATPase activity—A cerium
precipitation method was used for electron microscopic investigation of ecto-ATPase activity
(Kittel et al., 1999a). Briefly, thoroughly washed sections were incubated in a medium
containing 1 mM ATP as substrate, 3 mM CeCl3 (precipitating agent for the liberated
phosphate), 1 mM levamisole (inhibitor of alkaline phosphatases; Amersham, Poole, UK), 1
mM ouabain (Na*, K*-ATPase inhibitor; Merck, Darmstadt, Germany), 50 uM a -
methylene ADP (5 -nucleotidase inhibitor) and 5 mM KCI in 70 mM Tris—maleate buffer
(pH 7.4) for 30 min at room temperature. Incubation was followed by three rinses in Tris—
maleate buffer and washing with distilled water. The tissue blocks were then postfixed,
dehydrated and treated and embedded into Taab 812 resin for ultrathin sectioning and
microscopic examination as described above. Control reactions were performed without
adding the ATP substrate.

3.1. HPLC analysis of ATP metabolism

The extracellular degradation of ATP was examined in control and LPS treated animals
following the addition of 20 uM ATP to hippocampal tissue slices. As shown in Fig. 1, ATP
is hydrolyzed by control brain slices to ADP, AMP, adenosine, and inosine, consistent with
previous results (Cunha et al., 1998) and with the presence of ecto-NTPDase/ecto-NPPase,
ecto-5"nucleotidase, and adenosine deaminase enzymes, respectively. ATP metabolism was
investigated in hippocampal slices 2 h, and 1, 2, and 3 days following LPS treatment. Only
the sample analyzed 1 day after LPS treatment showed significant differences in nucleotide
metabolism from the control (Fig. 1). After 1 day of LPS treatment the degradation of ATP
was more rapid in the first 20 min after addition. However, there were no statistically
significant differences between the rates of formation of ADP, AMP, adenosine and inosine
in the hippocampi of control and LPS treated animals (Fig. 1).

3.2. Results of enzyme and immunohistochemical staining for detection of hippocampal
ecto-ATPase activities and Western blot analysis

The main advantage of this method is that it is able to demonstrate changes in cellular and
sub-cellular localization patterns of the activity, which measurements of homogenized
tissues and protein extracts are not able to resolve. Inhibitors were used in the incubation
medium to inhibit other nucleotidases (e.g., levamisole to inhibit alkaline phosphatase and
ouabain to inhibit (Na, K)-ATPase), in order to obtain the most reliable results. In addition,
according to our previous experiments, Ca-pump activity is sensitive to aldehyde fixation, so
no inhibitor of that ATPase was needed. Also, from previous experiments it was observed
that results using ATP and ADP as substrates to localize ecto-ATPase activities in the CNS
were essentially the same, which is why only ATP, and not also ADP, was used as substrate
in the current study.

A cursory examination of the histochemical results suggested that the localization pattern of
ATPase activity did not change significantly following LPS administration, either after 2 h or
longer time periods (1-2 days) in neuronal and glial cells (Fig. 2a—c). The most intense
staining was observed on the cell membranes of endothelial cells, pericytes (Fig. 2a) and

Int J Dev Neurosci. Author manuscript; available in PMC 2017 January 16.



1duosnue Joyiny YHID 1duosnuely Joyiny JHID

1duosnue Joyiny gHID

Kittel et al.

Page 6

circulating lymphocytes (Fig. 2c¢). In addition, Western blot analysis did not demonstrate
changes in the overall expression of NTPDasel or NTPDase2 (Fig. 2d). However, in
agreement with the literature, we did observe increased expression of IL-1 beta 2 h after LPS
administration (Fernandez-Martinez et al., 2004), and a subsequent decrease of its
expression to the control level 1 day after LPS treatment (data not shown).

More thorough examination of the enzyme histochemical staining revealed morphological
changes and alterations in the localization of ecto-ATPase activity in the endothelial cells
and pericytes following LPS treatment (Fig. 3). Generally, caveolae of non-activated
endothelial cells are located on the basolateral side of the cell, and previous enzyme
histochemical/immunohistochemical staining demonstrated that these caveolae contain
NTPDasel protein and activity (Kittel et al., 1999a; Koziak et al., 2000). This is also
observed in the present study, as is evident in Fig. 3a. Immunostaining also demonstrates the
presence of NTPDasel on the luminal side of the cell. Ecto-ATPase activity of neighbouring
pericytes is visibly less intense and caveolae are not stained, indicating little ecto-ATPase
activity in these locations. However, 2 h after LPS treatment, ecto-ATPase activity on the
luminal side of the endothelial cell has disappeared (although the NTPDasel enzyme is still
present as demonstrated by immunostaining), while ecto-ATPase activity has remained high
on the basolateral side and in the caveolae, as well as in the cell membranes of the pericytes
and their caveolae (Fig. 3b). The most interesting and surprising result was observed 2 days
after the treatment. At this time, ecto-ATPase activities of the endothelial cells and their
caveolae were still high, but the sub-cellular localization had changed (Fig. 3c—f). Now,
stronger ATPase activity was evident on the luminal side of the endothelial cells (with (c) or
without (f) caveolae), and the basolateral side possessed much weaker ecto-ATPase activity.
In addition, in the neighbouring cells and pericytes, no activity was observable on the
luminal side, but high activity was evident on the basolateral side (d and e). All these
changes disappeared on the third day following the LPS challenge, resulting in a pattern of
staining similar to that observed in control sections (Fig. 3g and h).

4. Discussion

Despite the fact that it has been known for decades that the concentrations of extracellularly
released nucleotides are controlled by ecto-nucleotidases, the precise physiological roles of
the NTPDases in the modulation of purinergic receptor signalling is still unclear.
Pathological conditions, including inflammation and ischemia, increase the extracellular
release of ATP. As several research groups have described, extracellular ATP present during
these pathological processes stimulates P2X7 purinoceptors, which induces the secretion of
IL-1 beta from macrophages, activated microglial cells, and endothelial cells (Imai et al.,
2000; Moller et al., 2000; Nguyen et al., 1998; Suzuki et al., 2004). IL-1 beta then initiates
an inflammatory response (Derks and Beaman, 2004). In agreement with these previous
studies, we also found increased IL-1 beta protein expression 2 h after LPS treatment (data
not shown). However, increased expression of NTPDasel or 2 was not observed, although
changes in the localization pattern of ecto-ATPase activity and changes in the morphology of
endothelial cells were evident. We previously reported an increased number of caveolae in
the capillary endothelial cells as a consequence of LPS treatment (Kittel, 1999). Our present
work demonstrates that a single, low dose of LPS dramatically, but transiently, decreases the
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enzyme activity of NTPDasel present on the luminal side of the endothelial cells. At the
same time, other nucleotidase activities, presumably due partly to NTPDase2, increase,
maintaining the overall ecto-ATPase activity. However, after 2—3 days these transient
changes in cell morphology and pattern of ecto-ATPase activity are no longer evident.

Western blot experiments did not demonstrate any significant differences in the overall
expression levels of NTPDasel or 2, and HPLC analyses of nucleosides and nucleotides did
not show significant changes ecto-nucleotidase activities of the control and treated
hippocampi, with the lone exception of a slightly faster rate of ATP hydrolysis in LPS
samples 1 day after treatment (Fig. 1). Since the extracellular decomposition of ATP
measured by HPLC assay reflects all nucleotidase activities present in the hippocampal
tissue block, and the majority of the tissue blocks are neuronal and glial cells, it is not
surprising that overall ecto-ATPase activity does not reflect subtle changes in the expression
pattern of endothelial ecto-ATPase activity.

The transient loss of NTPDasel activity (but not protein) may be explained by transient
alterations in the membrane structure due to the LPS-evoked inflammation, since NTPDasel
activity is sensitive to changes in its transmembrane domains and to changes in the
properties of the membranes in which they are embedded (Grinthal and Guidotti, 2007;
Wang et al., 1998), and LPS induces inflammation which leads to alterations of membrane
structure (Kittel et al., 1999b, 2005).

The disappearance of luminal ecto-ATPase activity and the observed morphological changes,
namely “translocation” of “message center” caveolae (Anderson, 1993; Anderson and
Jacobson, 2002; Schwencke et al., 2006) from the luminal to the basolateral side of
endothelial cells, raises the possibility of other LPS-induced changes. Both NTPDasel and
the P2Y1 ADP-purinoreceptor have been demonstrated to be present in caveolae of
endothelial cells (Kittel et al., 2004a). The observed changes in the localization pattern of
caveolae may support the assertion that LPS treatment alters signalling between cells, since
the ecto-ATPase activity of the caveolae of pericytes increases following treatment. It has
been suggested that NTPDase2 may be a novel marker for pericytes (Sevigny et al., 2002).
Its presence in microvascular pericytes (and in the basolateral surface of endothelium, as
well as the adventitia of muscularized vessels) has been demonstrated by previous studies
(Kittel et al., 2004b). However, the increase in ecto-ATPase activity in pericytes in response
to LPS treatment is difficult to explain since NTPDase2, unlike NTPDasel, is not
palmitoylated and does not enter lipid rafts or caveolae (Atkinson et al., 2006; Wink et al.,
2006). Therefore, what is the explanation for the increased ecto-ATPase activity in the
caveolae of pericytes? Unfortunately, because the NTPDase2 antibody used in this study was
unsuitable for immunohistochemistry (and no others are available), direct measurement of
NTPDase2 protein could not be used to answer this question. The possibility that
palmitoylation is not required for targeting NTPDase2 to the caveolae of pericytes seems
unlikely. However, a recent study demonstrated the physiological role of alternatively
spliced NTPDase2 in the regulation of extracellular nucleotide concentrations in a range of
organ systems (Wang et al., 2005). Those authors found that this alternatively spliced variant
possesses several intracellular phosphorylation sites for casein kinase 2 (CK2) on its unique,
extended C-terminus. Since it is known that CK2 can be activated by LPS (Xagorari et al.,
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2002) and participates in inflammatory processes and in nociceptive signal transmission
(Kweon et al., 2006; Li et al., 2005; Parhar et al., 2007; Yamada et al., 2005), upregulated
phosphorylation via CK2 may play a role in the modulation of activity of alternatively
spliced NTPDase2. In addition, an alternatively spliced variant of NTPDase2 has been
demonstrated in the brain (Vlajkovic et al., 1999). In light of these data, it may be
hypothesized that LPS could induce the expression of alternatively spliced NTPDase2,
which could traffic the nucleotidase to different sub-cellular locations.

Changes in the dynamic interactions known to occur between endothelial cells and pericytes
(Pardridge, 2002) can have serious pathological consequences, including lethal
cardiovascular defects, tumor angiogenesis, stroke, and triggering of the CADASIL
dementia syndrome (Armulik et al., 2005). Our observations, namely the changes in the
localization patterns of ecto-ATPase activities in endothelial cells and the increased activity
of a nucleotidase in the caveolae of pericytes after LPS treatment, may have biological
relevance, since these enzymes can modify signalling between endothelial cells and
pericytes, and are likely to influence neighbouring cells in the hippocampus as well.
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Extracellular metabolism of ATP in rat hippocampal slices under control conditions and 1
day after LPS treatment. Hippocampal slices were incubated in 3 ml Krebs solution in the
presence of 20 uM ATP. Seventy microliters of aliquots were taken 2.5, 5, 10, 15, 20, 25, 30
and 60 min after the addition of ATP. Nucleotides (ATP, ADP, and AMP) and nucleosides
(Ado, adenosine; Ino, inosine) in the aliquots were determined by the HPLC-UV method
and expressed in UM units, as a function of time. Filled symbols represent results from
control slices (control, 7= 4), whereas open symbols represent data from LPS treated

animals (LPS, n=5).
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Fig. 2.
Ecto-ATPase activity in rat hippocampal tissue sections and Western results for NTPDasel

and NTPDase2. (a) Ecto-ATPase activity in rat CA3 hippocampal region 2 h after LPS
administration. The ATPase activity is visualized by the black cerium phosphate precipitate
resulting from ATP hydrolysis. The most intense staining (arrow) is found on the cell
membrane of the pericyte (P) and endothelial (E) cells, but the cell membranes of astrocytes,
dendrites, and non-myelinated axons also exhibit ATPase activity. L: lumen of the capillary.
(b) General hippocampal ecto-ATPase staining. Cell membranes, regardless the cell type
(glia or nerve cells) show strong ecto-ATPase activity (arrow) 1 day after LPS
administration. (c) Localization pattern of the ecto-ATPase activity is unchanged on the
second day after LPS treatment. A lymphocyte (Ly) is shown having very high ecto-ATPase
activity (arrow). (d) Western blot analysis of hippocampal tissue. Compared with the control
(C) there is no apparent change in the expression of NTPDasel and NTPDase2 either 2 h or
1 day following LPS treatment. Scale bars: 2 um.
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Fig. 3.
Alterations in the localization of ecto-ATPase activity in endothelial cells and pericytes after

LPS treatment. (a) Control tissue. Both luminal and basolateral membranes of the
endothelial cell (E) are stained with cerium phosphate deposit demonstrating ecto-ATPase
activity (arrow). Also, some caveolae (arrowhead) show ecto-ATPase activity. A
neighbouring pericyte (P) shows less intense ecto-ATPase activity in its cell membrane and
caveolae (white arrow). Insert: immunostaining reveals NTPDasel expression on the luminal
side of an endothelial cell (arrow). (b) Ecto-ATPase activity localization 2 h after LPS
treatment. High activity is observed on the basolateral membrane of the endothelial cell (E)
and on some caveolae (arrow), but the luminal membrane is not stained. A large amount of
staining in the membrane and caveolae of adjacent pericyte (P) is evident. Insert:
immunoreactivity for NTPDasel (arrowhead) is on the luminal side of the endothelial cell,
and is identical to the control sample. (c—f) Differential localization patterns of ecto-ATPase
activity in endothelial cells and pericytes 2 days after LPS treatment. Endothelial cells (E)
exhibit strong activity in their cell membranes and caveolae on their luminal side (arrow, c)
or with little or no activity on their luminal side but instead in their basolateral membranes
and caveolae (arrow, d and €). The ecto-ATPase activity of the adjacent cells, including
pericytes (P) is high (arrow, ). An endothelial cell (E) with high ecto-ATPase activity on its
apical membrane (arrow) without caveolae was also observed (f). When strong activity is
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present on the luminal side, the basolateral membrane generally shows weak staining (c and
f). (g and h) Three days after LPS treatment the localization of ecto-ATPase activity in the
endothelial cells (E) reverts to that that seen in the control tissue. Caveolae located on the
basolateral side (arrows) are again heavily stained, while staining on the luminal side
decreased to levels observed in control samples. Arrowheads denote punctate staining on the
luminal surface of endothelial cells. E: endothelial cell and P: pericyte. Scale bars: 1 pm.
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