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Abstract Extracellular ATP and its hydrolysis product,
adenosine, acting through specific receptors collectively
named purinergic receptors, regulate female fertility by in-
fluencing the endometrial fluid microenvironment. There
are four major groups of ecto-nucleotidases that control the
levels of extracellular ATP and adenosine and thus their
availability at purinergic receptors: ecto-nucleoside triphos-
phate diphosphohydrolases (E-NTPDases), ecto-nucleotide
pyrophosphatase/phospho-diesterases (E-NPPs), ecto-5"-nu-
cleotidase (5'NT), and alkaline phosphatases (APs). The aim
of the present work is to characterize the expression and
distribution of ecto-nucleotidases in human endometrium
along the menstrual cycle and after menopause, to evaluate
their potential utility as fertility markers. We examined
proliferative, secretory and atrophic endometria from wom-
en without endometrial pathology undergoing hysterectomy.
We show that the ecto-nucleotidases are mainly present at
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endometrial epithelia, both luminal and glandular, and that
their expression fluctuates along the cycle and also changes
after menopause. An important result was identifying NPP3
as a new biological marker of tubal metaplasia. Our results
emphasize the relevance of the study of purinergic signaling
in human fertility.
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NTPDase Nucleoside triphosphate
diphosphohydrolase

PLAP Placental AP

PPi Pyrophosphate

SMA Smooth muscle actin

TNAP Tissue nonspecific AP

Introduction

During the menstrual cycle, in response to autocrine, para-
crine and endocrine factors, the human endometrium under-
goes morphological and functional changes essential for
uterine receptivity, affecting glands, stroma and luminal
epithelium. The first phase is characterized by a proliferative
endometrium and is governed by estrogens, while after
ovulation, the secretory phase, influenced by progesterone,
prepares the endometrium for embryo implantation [1].

Extracellular nucleotides, such as ATP, and nucleosides,
such as adenosine, are autocrine and paracrine molecules
that play important roles in reproduction [2]. In the uterus,
extracellular ATP is needed for the initiation and mainte-
nance of myometrial contractions [3]; it contributes to the
regulation of the uterine fluid microenvironment by regulat-
ing endometrial CI~ secretion [4], Na" absorption [5] and
cervical mucus production [6]. P2X and P2Y nucleotide
receptors have been identified in the female reproductive
tract [7-9], with changes in the expression along the cycle
[10] and during implantation [11] and pregnancy [8]. Fur-
thermore, extracellular ATP treatment of sperm improves its
fertilizing capability [12—14], thus potentially improving the
outcome of assisted reproduction techniques.

Extracellular adenosine, the dephosphorylated product
generated from the hydrolysis of ATP, coordinates early
post-implantation events [15], and also exerts control of
myometrium contractions [16]. Importantly, adenosine is a
key molecule for sperm capacitation, the series of changes
that sperm undergo in the female reproductive tract to ac-
quire fertilizing ability [17-19].

For the reasons stated above, the study of the mecha-
nisms controlling the levels of extracellular ATP and aden-
osine in the female reproductive system, the endometrium in
particular, is necessary. The concentrations of extracellular
ATP and adenosine are controlled by specific nucleotide-
hydrolyzing enzymes expressed at the cell surface called
ecto-nucleotidases [20]. Different families of enzymes are
responsible for these activities and, alone or acting sequen-
tially, they generate adenosine from adenine nucleotides
(i.e., ATP, ADP or AMP): (1) the ecto-nucleoside triphosphate
diphosphohydrolase (E-NTPDase) family includes four plasma
membrane-bound members: NTPDasel (CD39), NTPDase2,
NTPDase3 and NTPDase8 [21-23]; these enzymes are differ-
entially expressed and hydrolyze nucleoside triphosphates and
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diphosphates to their monophosphate derivatives; (2) the ecto-
nucleotide pyrophosphatase/phosphodiesterase (E-NPP)
family has three members (NPP1-3) capable of hydro-
lyzing nucleoside triphosphates to monophosphates and
PPi, such as ATP to AMP and PPi [24]; (3) the 5'-
nucleotidase family has only one member attached to the outer
plasma membrane, the ecto-5'-nucleotidase (CD73), a glyco-
syl phosphatidylinositol-linked membrane-bound glycopro-
tein that efficiently hydrolyzes AMP to adenosine [25]; (4)
the alkaline phosphatase (AP) family includes ubiquitous
enzymes, such as the placental AP (PLAP) and the tissue
nonspecific AP (TNAP), with broad substrate specificity,
including adenine nucleotides and pyrophosphate, releasing
inorganic phosphate [26]. The generated adenosine can be
further inactivated by other enzymes such as adenosine deam-
inase (ADA), which can be expressed as a soluble ectoen-
zyme, or as membrane-associated enzyme often forming
larger complexes with CD26/dipeptidyl peptidase IV, convert-
ing adenosine to inosine. Moreover, ATP can be re-synthesized
via backward ecto-phosphotransfer reactions catalyzed by
enzymes such as adenylate kinase and nucleoside diphosphate
kinase [23].

In spite of their obvious importance, very little is known of
the ecto-nucleotidases expression in endometrium. A few stud-
ies have been conducted in mice; NTPDasel and 2 were
identified in myometrium [27], and ecto-5"-nucleotidase in
endometrium, where the expression and activity fluctuate
along the estrous cycle and with pregnancy, pointing to hor-
monal regulation of extracellular adenosine levels in this organ
[28, 29]. However, to our knowledge, there are no available
data concerning the expression of ecto-nucleotidases in human
endometrium and their possible changes along the cycle.

The study of protein expression in remodeling cyclic
human endometrium, and its comparison to postmenopausal
endometrium, is crucial for understanding the physiology of
reproduction. In the present work, we characterize for the
first time the expression of human endometrial nucleotide-
converting ectoenzymes, in both cyclic and postmenopausal
endometria.

Methods
Samples

The ethical principles of this study adhere to the Declaration
of Helsinki, and all the procedures were approved by the
ethics committee for clinical investigation of Bellvitge Hos-
pital. Endometrial samples were obtained from hysterectomy
specimens without endometrial malignancy at the Service of
Gynecology of Bellvitge Hospital. Fresh samples were cut,
embedded in O.C.T freezing media (Tissue-Tek®; Sakura
Finetk, Zoeterwoude, the Netherlands), snap-frozen in a
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Table 1 Patient demographics

Indication of
hysterectomy
(number of cases)

Number
of cases

Type of
endometrium

Age (years)
Average (range)

Proliferative 8 44.3 (39-49) Leiomyomas (3)
Prolapse (2)

Cervical neoplasia (2)
Ovarian neoplasia (1)
Secretory 12 43.9 (32-54) Leiomyomas (8)
Cervical neoplasia (3)
Ovarian neoplasia (1)
Atrophic 32 62.7 (47-80) Leiomyomas (2)
Prolapse (24)
Cervical neoplasia (2)

Ovarian neoplasia (4)

Shandon Histobath™ 2 (Neslab Instruments Inc., USA) at the
Service of Pathology and stored at —80 °C until used. Alter-
natively endometrial samples were obtained from the Tumor
Bank of Bellvitge Biomedical Research Institut (IDIBELL).

Eight proliferative, 12 secretory and 32 atrophic endo-
metria were used in this study. Endometrial dating was done
at the Service of Pathology.

Demographic description of the samples and the factors that

indicated the need for hysterectomy are summarized in Table 1.

Reagents

Primary antibodies used in this study are listed in Table 2.
Secondary antibodies used were: horseradish peroxidase-
conjugated goat anti-mouse (EnVision™ + system; DAKO,
Carpinteria, CA, USA), Alexa Fluor 488- or 555-goat anti-
mouse or anti-rabbit, and Alexa Fluor 488-donkey anti-goat
(Life Technologies, Paisley, UK). To-Pro®-3 (Life Technolo-
gies) was used as a nuclear marker.

Table 2 List of primary antibodies used for immunolabeling experiments

Immunolabeling experiments

Sections (10 um) were obtained with the Cryostat Leica
CM1950 (Leica, Wetzlar, Germany), put onto poly-L-lysine
covered glass slides, and fixed in 10 % phosphate-buffered
formalin mixed with cold acetone (Merck, Darmstadt, Ger-
many) for 2.5 min.

For immunolabeling experiments samples were rinsed
with PBS and pre-incubated for 1 h at room temperature
(RT) with PBS containing either 20 % normal goat serum or
20 % horse serum (Gibco, Paisley, UK) and 0.2 % gelatin
(Merck). Slices were then incubated overnight at 4 °C with
the primary antibodies at the dilutions indicated in Table 2.
All dilutions were made in PBS. After three washes in PBS,
tissue sections were incubated with the suitable secondary
antibodies for 1 h at RT. Secondary antibodies alone were
routinely included as controls for the experiments. Nuclei
were counterstained with haematoxylin or, alternatively, in
fluorescence assays, To-Pro®-3 was used to visualize the
nuclei.

Samples were observed and photographed under light
Leica DMD 108 microscope or under Leica TCS-SL spec-
tral confocal microscope (Leica).

Immunohistochemical staining was independently evalu-
ated by at least two observers. Staining distribution was
recorded. Label intensity was scored as negative (—), weak
(+), intermediate (++) or strongly positive (+++).

In situ AMPase and ATPase activity experiments

For the histochemical localization of AMPase and ATPase
activity, the Wachstein/Meisel lead phosphate method [29,
30] was performed. Briefly, fixed tissue sections were pre-
incubated for 1 h at RT in 50 mM Tris-maleate buffer, pH
7.4 containing 2 mM CaCl, and 0.25 M sucrose. Enzymatic
reaction was performed for 1 h at 37 °C in the same buffer
supplemented with 5 mM MnCl,, 2 mM Pb(NO3;),, 3 %

Antibody specificity Name/clone Source Supplier Dilution
Ecto-5"-nucleotidase (CD73) 4G4 Mouse Abcam (ab81720) 1/50
NTPDasel (CD39) BU-61 Mouse Ancell (188-020) 1/500
NTPDase3 B3Sio Mouse http://ectonucleotidases-ab.com/ 1/500
CD26 202-36 Mouse Abcam (ab3154) 1/100
NPP1 Anti-NPP1 Goat Abcam (ab40003) 1/250
NPP3 NP4D6 Mouse Abcam (ab90754) 1/100
Human placental alkaline phosphatase (PLAP) 8B6 Mouse Sigma (A2951) 1/1000
Alkaline phosphatase, tissue non-specific (TNAP) [3H414(TRA-2-49)] Mouse Abcam (ab17973) 1/50
CD31 Anti-CD31 Rabbit Abcam (ab28364) 1/50
Alpha smooth muscle actin (0-SMA) Anti-aSMA Rabbit Abcam (ab5694) 1/200
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Table 3 Summary of the main findings on ecto-enzyme expression in cyclic (proliferative and secretory) and atrophic endometria

NTPDasel (CD39) NTPDase3 NPP1 NPP3 PLAP TNAP CD26 5'-NT (CD73)
Proliferative
Surface epithelium - - +++ - o+ 4t — _
Glandular epithelium
Functional layer - + + + ++ +++ - ++
Basal layer - ++ + ++ + ++ - 4+
Endometrial stromal cells ++ - — - - — T+t
Spiral arteries ++ +++ - - - ++ + -
Secretory
Surface epithelium - o+ . e+ _ _ _ -~
Glandular epithelium
Functional layer - ++ - ++ + -+ ot T+
Basal layer - +++ - +++ - ++ ++ +++
Endometrial stromal cells +++ - - - - +™ - et
Spiral arteries ++ +++ - - - ++ + -
Atrophic
Surface epithelium - - 4+ - o+ . — _
Glandular epithelium - ++ ++ - + 4+ + o+
Endometrial stromal cells ++ - + - - - - T+

— no immunostaining, + weak positive staining, ++ strong staining, +++ strongest staining

Asterisk in the TNAP column of secretory endometrium indicates that the label is only present in a narrow area of the stroma subjacent to luminal
epithelium

Secretory

Proliferative Atrophic

PLAP

TNAP

AP
Activity

Fig. 1 Immunolocalization of PLAP (a, b, ¢), TNAP (d, e, f) and AP in
situ histochemistry (g, h, i), in proliferative (a, d, g), secretory (b, e, h)
and atrophic (¢, f, i) endometria. PLAP and TNAP were immunodetected
in the glands (arrows) of all types of endometrium, and in the luminal
epithelium of proliferative an atrophic endometria (filled arrowheads).
TNAP was also immunodetected at the stroma subjacent to the luminal

epithelium in secretory endometrium (e, empty arrowheads). Micropho-
tographs g, h, and i show blue deposits corresponding to AP in situ
activity and nuclei are stained in green. /nset in h corresponds to the
activity experiment in the presence of the inhibitor levamisole, and shows
complete AP inhibition. Scale bars=100 um
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dextran T250 and 2.5 mM levamisole, as an inhibitor of the
AP activity, and in the presence of either 1 mM AMP or
200 uM ATP as a substrate. For CD73 inhibition experi-
ments, | mM o,(3-methylene-ADP (o,[3-meADP) was
added to both pre-incubation and enzymatic reaction buf-
fers. The substrate was omitted in the control experiments.
The reaction was revealed by incubation with 1 % (NHy4),S
v/v for exactly 1 min, and nuclei were counterstained with
haematoxylin. Samples were then dehydrated, mounted with
DPX mounting medium, and observed and photographed
under light Leica DMD 108 microscope.

In situ alkaline phosphatase activity experiments

The histochemical localization of AP was addressed by
using the Gossrau method [31] with some modifications.
Briefly, fixed slices were washed twice in Tris 0.1 M HCI
buffer, pH7.4 containing 5 mM MgCl,, and then pre-
incubated with the same buffer at pH9.4 for 15 min at RT.
Enzymatic reaction was started by adding 200 pl of the
revealing reagent BCIP (Sigma-Aldrich, St. Louis, MO,
USA) for 7 min at RT, and stopped with Tris 0.1 M HCI
buffer, pH7.4. For AP inhibition experiments, 5 mM leva-
misole was added to both pre-incubation and enzymatic

Proliferative

CD73

AMPase
Activity

AMPase
Activity

Fig. 2 Immunolocalization of ecto-5'-nucleotidase (5'-N7)/CD73 (a,
b, ¢), and AMPase in situ histochemistry (d—i), in proliferative (a, d,
g), secretory (b, e, h) and atrophic (¢, f, i) endometria. 5'-NT was
immunodetected in the glands and the stroma of all types of endome-
trium. Dark brown deposits in microphotographs d—i correspond to the
AMPase in situ activity. g Detail of glands of a proliferative endome-
trium showing AMPase activity at the luminal side of the glandular

Secretory

reaction buffers. In control experiments the revealing reagent
BCIP was omitted. Nuclei were counterstained with methyl
green dye for 10 min, dipped briefly in alcohol, mounted in
aqueous mounting medium (Fluoromount; Sigma-Aldrich)
and observed under light Leica DMD 108 microscope.

Results

Table 3 compiles the results of all the immunolabelings
performed.

Our results show that PLAP and TNAP were expressed
in both luminal and glandular epithelia of endometrium
(Fig. 1), but were absent in the luminal epithelium of secre-
tory endometria. Moreover, in this type of endometrium,
TNAP was present in the stroma subjacent to the luminal
epithelium. Besides this change in the enzyme distribution,
there were no other significant variations along the cycle or
when compared with the atrophic endometrium. Immuno-
labeling was stronger for TNAP than for PLAP in all the
mentioned structures, especially in glands, where the PLAP
staining was very weak. In situ activity experiments dem-
onstrated AP activity in the locations of the immunodetected
proteins, and this activity was completely inhibited with the

Atrophic

epithelium and at the stroma. h Magnification of a secretory endome-
trium showing intense stromal AMPase activity. i An activity experi-
ment performed on atrophic endometrium in the presence of the
inhibitor o,3-meADP, and shows complete inhibition of AMPase
activity. Note that 5'-NT expression and AMPase activity are stronger
in the glands of basal layer (arrows) and that myometrium is also
intensely labeled (asterisks). Scale bars=100 pm
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AP inhibitor levamisole, confirming the specificity of the
activity. As expected, AP was also detected in endothelial
cells.

Ecto-5'-nucleotidase (CD73) was expressed and active in
glandular epithelium and in stroma in both cyclic and atro-
phic endometria (Fig. 2). Labeling in the basal layer glands
was much more intense than in the functional layer. Luminal
epithelium was not stained. In situ activity experiments
demonstrated AMPase activity in the structures where the
enzyme was immunodetected, and this activity was complete-
ly inhibited by the specific ecto-5'-nucleotidase inhibitor «, 3-
meADP. Although the enzyme is present throughout the cycle,
an increase in the expression and activity in the stroma was
consistently observed in the secretory phase.

As expected, NTPDasel (CD39) was expressed in the
endothelial cells of the stromal blood vessels (Fig. 3a). Sparse
cells at the stroma were also positive for NTPDasel staining,
probably being macrophages and other immune system cells.
Labeling was never seen in association with either glands or
luminal surface. On the contrary, NTPDase3 was expressed by

a . .
Proliferative

NTPDasel

NTPDase3 [

I R

glandular and luminal epithelia, in both cyclic and atrophic
endometria. An increase in the expression in both epithelia
was observed in the secretory phase. These changes in the
expression in glands are represented in Fig. 3b. Interestingly,
NTPDase3 was also detected in the endometrial spiral arteries.
This expression is associated with the muscle layer but not
with the endothelium as confirmed by double immunostain-
ings performed with anti-SMA and anti-CD31 antibodies,
respectively (Fig. 4). NTPDase3 was not detected in the
myometrial arteries or in other blood vessels. The in situ
ATPase activity was detected in the above reported structures,
coinciding with NTPDasel and NTPDase3 expression (Fig.
3c). NTPDase2 was not detected in endometrial epithelia,
neither luminal nor glandular (data not shown).

NPP1 was expressed in luminal epithelia of all types of
endometrium and in glands of proliferative and especially
atrophic endometrium, and was absent in secretory endome-
trium (Fig. 5a). NPP3 was expressed in glands only in cyclic
endometria but with marked changes in the amount of
expression along the cycle, being maximal in the secretory

Secretory

Label NTPDase3
score
oo eo000
4 * 11 eeeee
++{ oeceee ™
+ &
- . oo .
Proliferative  Secretory Atrophic

Fig. 3 a Immunolocalization of NTPDasel (a, b, ¢) and NTPDase3 (d,
e, f, g in proliferative (a, d), secretory (b, e, f) and atrophic (c, g)
endometria. NTPDasel was immunodetected in the stromal blood
vessels of all types of endometrium. NTPDase3 was immunodetected
in the luminal and glandular epithelia of all types of endometria. Note
that label is stronger in the secretory (e, f) than in the proliferative
endometrium () and that in atrophic endometrium label is also very
high. NTPDase3 was also immunodetected in spiral arteries (inset in
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d). Scale bars=100 um except for the inset, where it is 25 wm. b Label
intensity score of NTPDase3 in the glandular epithelium of prolifera-
tive, secretory and atrophic endometria. Maximal score is found in
secretory and atrophic endometria. ¢ ATPase in situ histochemistry in
glands (arrowheads) and in stroma, especially in blood vessels
(arrows). The inset corresponds to an activity experiment performed
in the absence of substrate. Scale bar=100 pm
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Fig. 4 Confocal fluorescence
images of endometrial spiral
arteries labeled with antibodies
against NTPDase3 (a, e) and
CD31 (b) or SMA (f). Nuclei
were labeled with To-Pro®-3
(c, g). Merge images showed
colocalization between
NTPDase3 and SMA (h) but
not between NTPDase3 and
CD31 (d). Scale bars 20 um
(a—d) and 10 um (e-h)

phase (Fig. 5b). These changes in glandular NPP3 expres-
sion are represented in Fig. Sc. NPP3 was also expressed in
luminal epithelium exclusively in secretory endometria.
Importantly, no labeling was seen in atrophic endometria
except in cases of tubal metaplasia where strong labeling

Fig. 5 a Confocal fluorescence
images of proliferative (a),
secretory (b) and atrophic (c)
endometria labeled with anti-
NPPI. d A negative control of
the experiment in which the
primary antibody was omitted.
NPP1 was immunodetected in
the glandular epithelia of pro-
liferative (@) and atrophic (c)
endometria. Scale bars=40 pm.
b Immunolocalization of NPP3
in proliferative (@), secretory (b)
and atrophic (c¢) endometria,
and in a case of tubal metaplasia
(d) in an atrophic endometrium.
NPP3 was immunodetected in
the luminal and glandular epi-
thelia of cyclic endometria (a,
b) but is maximal at the secre-
tory phase (b). Note that the
label is absent in the atrophic
endometrium (c), and that it is
present in the tubal metaplastic
gland (d). Arrowheads point to
the cilia in the tubal metaplastic
epithelium. Scale bars=100 pm
(a—c) and 25 pum (d). ¢ Label
intensity score of NPP3 in the
glandular epithelium of prolif-
erative, secretory and atrophic
endometria. Maximal score is
found in secretory endometria

NTPDase3

a

NPP1

NPP3

CD31

Proliferative

Proliferative

TO-PRO-3

Secretory

Secretory

Atrophic

Atrophic

MERGE

was seen in association with metaplastic glands (Fig. 5b).
NPP2 was not detected in endometrial epithelia, neither
luminal nor glandular (data not shown).

CD26 was detected in endometrial glands, with maximal
expression in the secretory phase, coinciding with previous

Negative
control

Tubal

A 7_." - —
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a
CD26
CD26 |3
b Label
score CD26
H
++ [ 1] [ ]
+ [ ] L ]
_ Py [ 11 1]
s R £
Proliferative Secretory Atrophic

Fig. 6 a Immunolocalization of CD26 in proliferative (a, d), secretory
(b, e) and atrophic (c, f) endometria. CD26 was immunodetected in the
blood vessels (arrows) and in glandular epithelia of secretory endome-
trium (b, e). Note that only a few isolated glands are labeled in atrophic
endometrium (¢, empty arrowheads). Scale bars=500 pum (a, b) and
100 um (c—f). b Label intensity score of CD26 in the glandular
epithelium of proliferative, secretory and atrophic endometria. Maxi-
mal score is found in secretory endometria

findings [32]. We add here new information by studying
also the postmenopausic endometria, showing that CD26 is
only weakly expressed in these endometria (Fig. 6). It is
noticeable that in atrophic endometria, CD26 expression is
not homogeneous amongst all the glands and that only a few
glands were positive for this labeling. Immunostaining was
also detected in the endothelial cells.

Figure 7 illustrates an endometrium showing the location
of all the ecto-enzymes studied here.

Discussion

Extracellular ATP and adenosine, acting through purinergic
receptors, are signaling molecules playing a role in reproduc-
tion. Purinergic receptors have already been identified in
endometrium with a variety of roles, such as ion transport,
mucus secretion, cell proliferation and innate mucosal immu-
nity. However, to date little has been known about the ecto-
enzymes that regulate their ligand concentrations in human
endometrium. In the present work, we have extensively
characterized the expression of different families of ecto-
nucleotidases in cyclic and postmenopausic endometria. Our
results show that different enzymes, operating in concert or
consecutively, are able to metabolize extracellular ATP to
adenosine. These enzymes thus have the potential to modulate
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ligand availability for both nucleotide and nucleoside recep-
tors, making them key molecules in the purinergic signaling of
endometrium. In this section, we discuss in detail our findings
for each family of enzymes.

Mammalian APs are ubiquitous enzymes that display
broad substrate specificity towards phosphate compounds. In
the rat, AP activity has been already described in uterine
luminal and glandular epithelium, establishing a correlation
between the luminal activity and endometrial sensitivity [33].
Moreover, a local increase in AP activity has been shown to
occur at the site of blastocyst implantation, as part of the early
decidual response [34]. These enzymes are thought to be
involved in the attachment of blastocyst to the endometrium
and in the maintenance of the composition and volume of
luminal secretion essential for embryo development [35].
Studies of APs in relation to fertility have also been conducted
in women showing up-regulation of the PLAP-2 gene as a
marker of ongoing pregnancy after in vitro fertilization treat-
ment [36]. In the present work, we localize the expression and
activity of two AP enzymes, PLAP and TNAP, at the luminal
and glandular epithelium of human endometrium. Our results
coincide with previous studies [37, 38], and we add new data
by comparing the expression along the cycle and in postme-
nopausic endometrium. We did not detect any significant
quantitative variations in protein expression in glands, but
changes in the distribution of PLAP and TNAP expression
were consistently found in the luminal part of secretory endo-
metria, where both enzymes were absent. Moreover, in these
endometria, a new location for TNAP was seen at the stroma
subjacent to the lumen. These variations might be related with
changes needed for appropriate embryo attachment and implan-
tation occurring mainly at the luminal part of the endometrium.

Ecto-5'-nucleotidase, an enzyme efficiently hydrolyzing
AMP to adenosine, has already been identified in the mouse
female reproductive tract, with marked changes in endometri-
al expression along the estrous cycle [29], and in pregnancy
[28]. Besides a function in the regulation of uterine fluid
composition, a role for this enzyme in the generation of
extracellular adenosine needed for sperm capacitation has
been postulated [39—41]. We show here that in human endo-
metrium ecto-5"-nucleotidase is expressed in glands, with
more intensity in the basal layer, and in the stroma, but not
in luminal epithelium. The stroma displayed changes in the
expression along the cycle, being maximal at the secretory
phase. In situ AMPase activity, in the presence or absence of
the specific inhibitor o, 3-meADP, confirmed that the immu-
nodetected protein was active in the above mentioned struc-
tures. Moreover, it is highly probable that the adenosine
generated by this AMPase activity and accumulated in the
stroma is involved in the regulation of cyclical inflammation
physiologically occurring in endometrium [42]. Ecto-5'-nu-
cleotidase might well act sequentially, after NTPDasel, an
ecto-nucleotidase also present in the stroma.
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NTPDase3 is expressed in luminal and glandular epithelia.
NTPDase3 was already identified in other secretory epithelial
cells from mouse reproductive organs such as epididymis,
prostate and oviducts [27, 43]. We report here for the first
time the expression of NTPDase3 in relation to blood vessels.
This expression, however, is limited to the muscle layer of
spiral arteries, without expression in the myometrial arteries, a
fact that enhances the importance of this finding since
NTPDase3 can be considered as a new marker of human spiral
arteries. Spiral artery remodeling plays a central role in estab-
lishing and maintaining a normal pregnancy, and impaired
remodeling is involved in common pregnancy disorders such
as recurrent pregnancy loss and pre-eclampsia, a major com-
plication of pregnancy and one of the leading causes of
maternal and perinatal morbidity and mortality. In spite of

Fig. 7 Model of the human
endometrium showing
differential distribution of
ecto-enzymes in surface and
glandular epithelia, stromal
cells and spiral arteries. Letters
in parentheses indicate that the
enzyme was only detected in
proliferative (p), secretory (s)
or atrophic (a) endometria
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the obvious importance, very little is known of the mecha-
nisms responsible for this remodeling, and characterizing
these arteries phenotypically has important implications for
this understanding [44, 45].

The NPP family of enzymes has already been identified in
epithelial cells, in relation with ion transport, amongst other
functions [24]. Here we see that NPP1 and NPP3 are
expressed in glandular epithelia with changes among endo-
metrium types. Interestingly, the expression of both enzymes
seems to be coordinated along the cycle; when there is less
expression of one enzyme, there is greater expression of the
other. Furthermore, NPP3 is exclusively expressed in glandular
and luminal epithelia of cyclic endometria showing maximal
expression in secretory endometria; NPP3 therefore becomes a
biological marker of this type of endometrium. These marked

Endometrial cavity

B eclo slslslolslsiolslevisislleisiole
Q"&Dﬂﬂn g\ Surface epithelium

%\ Spiral arteries
4 \

mooth muscle cells .
NTPDase3

&/

‘

&
3]
ol
0
‘Q
"8
o
.g
8

-

&
&

".Glandu[ar epithelium #

NTPDase3
NPP1 (p,a)
NPP3 (p,s)
PLAP
TNAP

5'N

Myometrium

@ Springer



236

Purinergic Signalling (2013) 9:227-237

differences between NPP3 expression in cyclic and post-
menopausic endometria point to a relation with fertility and
further studies would be of interest for human fertility. More-
over, our results demonstrate that NPP3 is a new marker of
endometrial tubal metaplasia. This finding is clinically relevant
for the diagnostic of this adaptive phenomenon, usually over-
lapped with pathological changes, and frequently overlooked
and misdiagnosed [46].

CD26 has already been identified in female reproductive
organs such as the placenta, ovary and endometrium, and a
possible role as adhesion molecule in human blastocyst im-
plantation has been proposed [47]. The fact that ecto-ADA is
often associated in larger complexes with CD26 leads us to
include the study of CD26 expression in the present work.
Here we show that CD26 is highly expressed in secretory
endometria and that is almost absent in atrophic endometria,
also pointing to its possible implication in women fertility.

A simplified overview of our findings, including the differ-
ent endometrial structures studied, is presented in Fig. 7. This
study provides important new information about the regulation
of purinergic signaling by ecto-nucleotidases in human endo-
metria, and opens up the field for further investigation of their
role in human fertility and in endometrial pathology.
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