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Abstract. Cell-to-cell interaction via cell contact-dependent pathway is essentially important for
maintenance and regulation of corpus luteum (CL} integrity and its physiological actions. The
objective of the present study was to evaluate the mRNA expression of the cell adhesion molecules
(CAMs) that are constituent factors of gap junctions [connexin (Cx) 43] and adherence junctions (VE-,
E-, N-cadherin} in two types of endothelial cells from the mid CL and in CL tissue during the estrous
cycle and PGFe-induced luteolysis in the cow. Specific mRNA expression for Cx43 and N-cadherin
was detected in cytokeratin-positive (CK+) and cytokeratin-negative (CK-} luteal endothelial cells
(EC) and fully luteinized granulosa cells (LGC). E-cadherin mRNA was expressed in CK+EC and
LGC, but not in CK-EC. VE-cadherin mRNA was expressed in both CK+ and CK-EC. During the
estrous cycle, Cx43 mRNA expression was significanily lower in the regressing CL. VE-cadherin
expression also tended to increase in the mid CL and increased significantly in the regressing CL. E-
cadherin mRNA expression was higher in the early and late CL than in the mid- and regressing CL.
N-cadherin mRNA expression gradually increased from the early to late CL followed by a decrease in
the regressing CL. During PGFu-induced luteolysis, Cx43 mRINA expression appeared to increase,
and VE-cadherin and E-cadherin mRNA significantly increased at 24 h. N-cadherin mRNA
expression decreased 2 and 4 h after PGFz, administration. Collectively, expression of the mRNAs for
CAMSs was different in the two types of luteal endothelial cells and fully luteinized granulosa cells and
changed independently in the CL during the estrous cycle and PGFae-induced luteolysis in the cow.
The results suggest that CAMSs play physiclogical roles in cell-to-cell communication to regulate both
gap and adherence junctions during CL development and regression in the cow.
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T he corpus luteum (CL) is a transient organ that
secretes progesterone (P), which is a prerequi-
site for establishment and maintenance of
pregnancy. The CL is formed from the residual
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cells of a follicle after ovulation, in which cell
growth and differentiation occur together with
neoangiogenesis, and the CL acquires the capacity
to secrete P. If pregnancy does not occur, prostag-
landin {PG) Fa. is released from the uterus [1, 2],
and the CL rapidly looses its P secretory ability
(functional luteolysis) [1, 2]. Subsequently, its
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structure is disrupted, and where apoptosis of
luteal cell and endothelial cells is prominent (struc-
tural luteolysis} [3].

It is likely that a cell-to-cell interaction is essen-
tially important for maintenance and regulation of
CL integrity and its physiological actions. The
bovine CL consists of several cell types, such as
luteal cells, endothelial cells, vascular smooth mus-
cle celis, pericytes and fibroblast cells, and it
constitutes a heterogeneous structure [4]. There-
fore, it has been suggested that there are
intercellular communications via a contact-depen-
dent pathway among various cell types in the CIL..

The gap junction is formed with a tunnel-like
structure and enables regulatory molecules, nutri-
ents and ions of less than about 1 kDa (i. e., calcium
ions, cAMP and inositol 1,4,5-triphosphate} to be
exchanged between adjacent cells [5]. Gap junc-
tions are formed by connexin (Cx) proteins such as
Cx26, Cx32, Cx43 and Cx45 [6, 7], and Cx43 is the
main member of the gap junctional protein family.
Gap junctions and Cx43 have been identified in the
CLs of several species [8-10], and gap junctions
formed by Cx43 has been suggested to be predomi-
nantly important for regulation of growth,
differentiation and regression of the CL [8-10].

On the other hand, the adherence junction is
another cell adhesion type, and cadherin, which is a
calcium ion-dependent cell adhesion molecule, has
a key role in this junction. Cadherin is a single pass
transmembrane glycoprotein, and its extracellular
domain links to the same cadherin of an adjacent
cell homophilically, while its intercellular domain
binds to the cytoskeleton [11, 12]. These cadherin
families, including vascular endothelial cell cad-
herin (VE-cadherin), epithelial cadherin (E-
cadherin} and neurcnal cadherin (N-cadherin), act
as major factors in tissue development and differ-
entiation of many organs, including ovarian
tissues. The cytoplasmic domain of these cadherins
is anchored to the actin cytoskeleton via proteins of
the armadillo family, such as a-catenin [13] and
catenin [14]. The association with actin may be
important in modulating paracellular permeability,
stabilization of the junctional complex and infracel-
lular signal transduction [15]. These adhesion
junctions are required not only for tight junctions
but also for the formation of gap junctions [16]. It
has been demonstrated that cadherins and catenins
are expressed in the CL of humans [10, 17], baboons
[10, 18], mice [19] and rats [20-22], but there is cur-

rently no information available concerning the
bovine CL. Therefore, the aim of the present study
was to determine the mRNA expression of these
cell adhesion molecules (CAMs) during formation,
maturation and regression of the CL in the cow.

Materials and Methods

All animal experiments were conducted at the
Field Center of Animal Science and Agriculture,
Obihiro University, and the experimental proce-
dures complied with the Guidelines for the Care
and Use of Agricultural Animals of Obihiro
University.

Reagent for cell cultures

Dulbecco’s modified Eagle’s medium (DMEM)/
nutrient mixture and Ham’s F-12 medium {1:1),
phosphate buffered saline (PBS), insulin, amphot-
ericin B, and gentamicin were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Forskoalin
was purchased from Wako (Osaka, Japan). Fetal
bovine serum (FBS) and TRIzol reagent were pur-
chased from Invitrogen Corporation (CA, USA).
Vitrogen 100 was purchased from Angiotech BioM-
aterials (Palo Alto, CA, USA). Tissue culture plates
(24-wells/plate) and flasks were purchased from

Nunce (Kampstrup, Denmark]).

Isolation and luteinization of granulosa cells and
luteal endothelia cells, and ollection of bovine CLs
during the estrous cycle

Ovaries containing CLs from Holstein cows were
collected at a local slaughterhouse. Granulosa cells
{GC) were collected and luteinized accbrding to the
method of Meidan ef al. [23]. GCs were collected
from follicles with diameters of 5 to 8 mm and were
luteinized in DMEM/F-12 medium containing 10%
FBS, gentamicin (50 mg/1), insulin (2 mg/1}, forsko-
lin (10 mM) and amphotericin B (2.5 mg/1). We
regarded GCs obtained by culture for 8 days as
luteinized GCs based on the data concerning P
secretion [23]. Luteinized GCs {LGC) were col-
lected and stored at 80 C until analysis of mRNA
expression.

Cytokeratin-positive (CK+) and cytokeratin-neg-
ative (CK-) endotheiial cells (EC) isolated from the
CLs of the cows during the mid-luteal phase were
used as described previously [24]. These cells were
grown on plates precoated with 1% Vitrogen in
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complete DMEM Ham'’s F12 containing 5% FBS.
The experiments were carried out on cells from
passages 3 to 5, and ECs were collected and stored
at 80 C until the analysis of mRINA expression.
The luteal stages were classified as early, mid,
late or regressed by macroscopic observation of the
ovary as described previously [25]. After the stages
were determined, the CL were immediately sepa-
rated from the ovaries. Thereafter, they were
minced, placed into a 1.5 ml microcentrifuge tube
with 400 4 of TRIzol reagent, homogenized imme-
- diately and stored at -80 C until being analyzed.

PGFarinduced luteolysis in the cow

Experimented design: Ten multiparous, nonlac-
tating Holstein cows were used for this study
(PGFau-treated group, n=>5; control group, n=>5).
The day of estrus was designated as day 0. On days
10-12 of the estrous cycle, 500 ug of PGFz. analog
(cloprostenol, Estrumate®; Takeda Pharmaceutical,
Osaka, Japan) or saline was injected into the cows
(injection=0 h). Serial luteal bicpsies, as described
previously [26], were collected at 0 {pre-injection),
0.25, 2, 4 and 24 h after PGFaq or saline administra-
tion to determine the expression of mRNA in the
CL. Bloed samples were collected by caudal
venepuncture. Plasma was obtained by centrifuga-
tion at 900 g for 20 min at 4 C and was stored at -30
C until being analyzed.

RNA extraction and RT-PCR: Total RNA was
extracted from cells and luteal tissues using TRIzol
reagent according to the manufacturer’s directions
and was treated with DNase using a commercial kit
(8V Total RNA Isolation System; Promega, Madi-
son, WI, USA). It was then froZen at —20 C in THE
RNA Storage Solution (Ambion, Austin, TX, USA).
The mRNA expressions of Cx43, VE-cadherin, E-
cadherin, N-cadherin, a-catenin, f-catenin, endot-
helin-1 (ET-1) and factin in CK+EC, CK-EC, LGC
and CL tissue (mid-luteal phase) were examined by
RT-PCR as previously reported [26]. The primers
used for RT-PCR are indicated in Table 1.

Quantitative real-time PCR: The mRNA expres-
sions of Cx43, VE-cadherin, E-cadherin, N-
cadherin, a-catenin, fcatenin, steroidogenic acute
regulatory protein (StAR), ET-1 and GAPDH were
quantified by real-time PCR using a LightCycler
{Roche Diagnostics, Mannheim, Germany) as per
our previous report [26]. The primers used for real-
time PCR are shown in Table 1. The values were

normalized using GAPDH as the internal standard.

Hormone determination: The concentration of P
in the plasma was determined in duplicate by
enzyme immunoassay (EIA) after diethyl ether
extraction [27]. The standard curve ranged from
0.05 to 50 ng/ml, and the effective dose 50 (EDsy) of
the assay was 2.4 ng/ml. The intra- and interassay
coefficients of variation (CVs) were 6.2 and 9.3%,
respectively.

Statistical analysis

All data were expressed as the mean = SEM. The
time of PGFzq analogue injection was defined as 0 h.
The expression of mRNA was expressed as the per-
centage of the individual baseline (0 h). The data
were examined by ANOVA followed by the Bon-
ferroni multiple comparison test. Probabilities of
less than 5% (P<0.03) were considered significant.

Results

Detection of the mRNA expression of Cx43, VE-
cadherin, N-cadherin, E-cadherin, a-catenin, (-
catenin and ET-1 in different cell types

The bovine CLs expressed the mRNA of all
CAMs (Fig. 1). Specific transcripts for Cx43, N-cad-
herin, a-catenin and f-catenin were detected in
CK+ECs, CK-ECs and LGCs. The mRNA expres-
sion of E-cadherin was detected in CK+ECs and
1.GCs, but not in CK-ECs. The mRINAs of VE-cad-
herin and ET-1, as markers of ECs, were mainly
expressed in CK-ECs, and were weekly expressed
in CK+ECs, but not in L.GCs.

Relative mRNA levels of ET-1, Cx43, VE-cadherin,
E-cadherin, N-cadherin, a-catenin and fcatenin in
luteal endothelial cells

The mRNA levels of ET-1 (A), Cx43 (B), VE-cad-
herin {C), E-cadherin (D), N-cadherin (E), o-catenin
(F) and fcatenin (G) were determined for CK+ECs
and CK-ECs using real-time PCR (Fig. 2). Expres-
sion of ET-1, Cx43, VE-cadherin, N-cadherin, «-
catenin and fcatenin mRINA was detected in both
CK+ECs and CK-ECs. The expression levels of ET-
1, VE-cadherin and N-cadherin were significantly
higher in CK-ECs compared with those in CK+ECs.
However, mRNA expression of E-cadherin was
only detected in CK+ECs.
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Table 1. Primer sequence and resulting fragment sizes of Cx43, VE-cadherin, N-
cadherin, E-cadherin, a-catenin, fcatenin, ET-1, StAR, factin and
GAPDH, which was used as the internal standard

Primer sequence Product size
RT-PCR

Cx 43 Fwd 5-TTATTGGCCCAGTTTTGCTC-3 570 bp
Rev 5'-GGACATGCACTTGAAGCAGA-3’

N-Cadherin Fwd 5-CGAGCCAGCAGATTTTAAGG- 439 bp
Rev 5-TGACAGCTGACCTGAGATGG-3

E-Cadherin Fwd 5-TGTGACTGTGATGGGATCGT-3’ 475bp
Rev 5-TAGCAGCTTCGGAACCACTT-3

VE-Cadherin Fwd 5-GATGCACACGACGAAGAGA-3’ 419 bp
Rev 5-GCTGGTACACGACAGAAGCA-3’

a-catenin Fwd 5-TAAGAAGGCCCATGTTTTGG-3’ 415 bp
Rev 5-TTTGGCTGCCATAATGTTCA-3’

Peatenin Fwd 5-GGTTCGTGCACATCAGGATA-3’ 422 bp
Rev 5-GGGCTCCAGTACAACCTTCA-3

ET-1 Fwd 5-CGTGGCCGGAAGAAAAACAA-3’ 512 bp
Rev 5-GGCGCCTGAGTGAGACACAA-3’

[Factin Fwd 5-CAAAGGCCAACCGTGAGAAGAT-3" 458 bp
Rev 5-CCACGTTCCGTGAGGATCTTCA-3's

Real-time PCR

Cx 43 Fwd 5-TGAGTGCCGTTTACACTTGC-3’ 125bp
Rev 5-GGCAAGAGACACCAATGACA-3"

N-Cadherin Fwd 5-TCCCCCTCTCATCTGAACAC-3’ 113 bp
Rev 5-ATCCTCAGGTAGGGCTGGTT-3"

E-Cadherin Fwd 5-CCTCGCCAATCCTGATGAAAT-3 130 bp
Rev 5-TAGCAGCTTCGGAACCACTT-3'

VE-Cadherin Fwd 5-TGGGCAAGATTAAATCGAGTG-3’ 130 bp
Rev 5-TCCCTGTCCAGCCTCTCTAA-3"

a-catenin Fwd 5-TTACCCGGCTGCTTATTTTG-3’ 104 bp
Rev 5-AGTGCCAGCATTCCTCAGTT-3’

[eatenin Fwd 5'-GGTTCGTGCACATCAGGATA-3’ 110 bp
Rev 5-GGGCTCCAGTACAACCTTCA-3

StAR Fd 5-GTGGATTTTGCCAATCACCT-3’ 203 bp
Rev 5-TTATTGAAAACGTGCCACCA-3'

ET-1 Fwd 5-CAAATGCATCCTGCCTGGTC-3’ 160 bp
Rev 5-ATTGCCACCCCCATAGAGGA-3

GAPDH Fwd 5-CTCTCAAGGGCATTCTAGGC-3’ 120 bp

Rev 5-TGACAAAGTGGTCGTTGAGG-3’

vE-cadheri» I e A

’ Fig. 1. Representative photos of specific RT-PCR products
N-cadherin _“- for Cx43, VE-cadherin, N-cadherin, E-cadherin, -

catenin, fcatenin, ET-1 and factin. Lane M indicates
the DNA ladder, lane CK+EC indicates luteal

a-catenin _- endothelial cells having cytokeratin, lane CK-EC

ET-1

indicates luteal endothelial cells not having
cytokeratin, Lane L.GC indicates luteinized granulosa
cells, lane CL indicates bovine luteal tissue (Days 8-
12) and lane N indicates the negative control. The

- products were separated by agarose gel

M CK+EC CK-EC LGC CL N electrophoresis.
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Fig. 2. Relative mRNA levels of ET-1 (A), Cx43 (B), VE-

cadherin (C), E-cadherin (I3}, N-cadherin (E), c-
catenin (F) and Bcatenin (G} in CK+ECs and CK-ECs
(n=8, respectively). All values are shown as the mean
+ SEM (relative to f-actin mRNA levels). Different
superscript letters indicate significant differences
(P<0.05) as determined by ANOVA followed by the
Bonferroni multiple comparison test.

Expression of StAR, ET-1, Cx43, VE-cadherin, E-
cadherin, N-cadherin, a-catenin and [F-catenin
mRNA throughout the estrous cycle

The mRNA expression in the CL tissue during
the estrous cycle is shown Fig. 3. Expression of
StAR mRINA, as a marker of luteal function, was
higher in the mid- and late luteal stage (Fig. 3A).
ET-1is a luteolytic mediator of PGF. action, and
ET-1 mRNA expression increased as the luteal
phase progressed (Fig. 3B). Cx43 mRNA expres-
sion was significantly lower in the regressed luteal
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Fig. 3, Relative mRNA levels of StAR (A), ET-1 (B), Cx43 (C),

VE-cadherin (D), E-cadherin (E), N-cadherin (F), o-
catenin (G) and f-catenin (H) in bovine CLs
throughout the estrous cycle (n=4, respectively). All
values are shown as the mean + SEM (relative to £
actin mRNA levels). Different superscript letters
indicate significant differences (’<0.05) as determined
by ANOVA followed by the Bonferroni multiple
comparison test.

stage (Fig. 3C). VE-cadherin expression also tended
to increase beginning in the mid CL and signifi-
cantly increased in the regressed CL compared
with the early CL (Fig. 3D). E-cadherin mRNA
expression was higher in the early and late Juteal
stages than in the mid- and regressed luteal stages
{(Fig. 3E}. The mRNA expression of N-cadherin
gradually increased from the early to late luteal
stage and then decreased in the regressed luteal
stage (Fig. 3F). The mRINA expressions of «-catenin
and Fcatenin gradually increased throughout the
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Fig.4. Changes in the plasma P concentrations during

PGFae-induced luteolysis {n=5, respectively). All
values are shown as the mean + SEM. The white
circles indicate the control-group injected with saline,
and the black squares indicate the PGFou-treated
group. Different superscript letters indicate
significant differences (P<0.05) between the control
and PGFu-treated groups as determined by ANOVA
followed by the Bonferroni multiple comparison test.

estrous cycle (Fig. 3G and ).

Changes in the plasma P concentration and mRNA
expressions of SLAR, ET-1, Cx43, VE-cadherin, E-
cadherin, N-cadherin, o-catenin and f-catenin
during PGFaq-induced Iuteolysis in the cow

The changes in the plasma P concentration after
PGFaq or saline adminisiration during the mid-
luteal phase are shown in Fig. 4. The plasma P con-
centration began to decrease significanily 2 h after
PGFaq administration, but was unchanged in the
control group. '

The changes in the mRNA expressions of StAR,
ET-1, Cx43, VE-cadherin, E-cadherin, N-cadherin,
a-catenin and fcatenin are shown in Fig. 5. StAR
mRNA expression began to decrease significantly
at 2 h in the PGFye-treated group (Fig. 5A). The
Cx43 mRNA expression of the PGFa,-treated group
appeared to be higher than that of the control at 24
h (’=0.053; Fig. 5C). The mRNA expressions of ET-
1, VE-cadherin and E-cadherin increased at 24 h
during PGFzq-induced luteclysis (Fig, 5B, D and E).
The mRNA expression of N-cadherin decreased at
2 h and 4 h in the PGFaq-treated group (Fig. 5F).
The mRNA expressions of both o~ and fcatenin
did not change after PGFs. administration (Fig. 5G
and H).

(A) StAR (8) ET-1
1507 400
100! 300
rj 200
501 100
04 0 -
(C) Cx43 pep.0s3 (D)} VE-cadherin
400 ] 400

100 300
200 200
100 100

0 i

{E) E-cadherin «  (F) N-cadherin

:

Percent of baseline (mean += SEM)

400 200
300 150 * &
200 100 r‘ I_I
100 50
0 ~0
{G) x-catenin {H) p-catenin
300 300

A

200 200
] 0
0 025 2 4 24
Hours after PGF 2, i.m.

0 025 2 4 24
O contrat M PGFz

Fig. 5. Relative mRNA levels of StAR (A), ET-1 (B), Cx43 (C),

VE-cadherin {D), E-cadherin (E), N-cadherin (F), o~
catenin (G) and Fcatenin (H) in bovine CLs during
PGFay-induced luteolysis (n=5, respectively). All

. values are shown as the mean + SEM (relative to /-
actin mRNA levels). The white bars indicate the
control group injected with saline, and the black bars
indicate the PGFe-treated group. The symbols
indicate significant differences (P<0.05} between the
control and PGFza-treated groups as determined by
ANOVA followed by the Bonferroni multiple
comparison test.

Discussion

In the present study, we evaluated the mRNA
expression of CAMs in two types of endothelial
cells from CLs and the relative changes in the
mRNA expression of CAMs in CL tissue during the
estrous cycle and PGFa-induced luteolysis in the
cow. The profiles of the mRNA expressions of the
CAMs that contribute to formation of gap and
adherence junctions were different. Thus, this sug-
gests that the gap and adherence junctions
constituted by CAMs are regulated by related fac-
tors depending on the type of endothelial cell,
luteal phase and action of PGFz, in the cow.
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Gap junctions are implicated in the regulation
and coordination of cellular metabolism and func-
tion during growth and differentiation of organs
and tissues [0]. Recent studies have shown the
presence of Cx43 in the luteal tissues and cultured
luteal cells of rats [28], humans [10], baboons [10],
sheep [29, 30] and cows [8]. In the present study,
Cx43 mRNA expression was detected in luteal
endothelial cells {CK+ECs and CK-ECs) and in
luteinized GCs. Indeed, Cx43 is detected on the
borders of luteal cells and also between luteal cells
and endothelial cells [9]. Grazul-Bilska ef al. [8]
demonstrated that the expression of Cx43 in luteal
tissues is greatest during the early and mid-luteal
phases and decreases during the late luteal phase of
the estrous cycle in the cow, and this was fully sup-
ported by our present result. Moreover, inhibition
of Cx43 mRNA expression by siRNA results in
decreased P production by ovine luteal cells in vitro
[31]. These findings suggest that luteal cells and
luteal endothelial cells have a gap junction and are
associated with P production during development
and maintenance of the CL [9, 10].

During CL regression, expression of Cx43 is low
in baboons [9], sheep [29] and cows [8]. In the
present study, Cx43 mRINA expression was signifi-
cantly low during the regressing luteal stage and
tended to increase, but not decrease, 24 h after
PGFa admindstration. Expression of Cx43 mRNA
remains at a relatively high level during PGFas-
induced luteolysis in sheep [30], and PGFae
enhances gap junctional intercellular communica-
tion of bovine luteal cells from the late luteal phase
[9]. In addition, the mRINA expressions of VE-cad-
herin and E-cadherin increased at 24 h during
PGFap-induced luteolysis. Cell adhesion is essential
for formation of gap junction and cell-to-cell com-
munication. These observations suggest that
maintenance of Cx43, VE-cadherin and E-cadherin
mRNA expression during regression may contrib-
ute to ensure the cell adhesion and gap junction
necessary for transferring the luteolytic signal
between luteal cells and endothelial cells [9, 30].

As its name suggests, VE-cadherin is a specific
factor of endothelial cells. VE-cadherin mRNA was
expressed in CK-ECs and CK+ECs but not in LGCs,
and CK-ECs expressed VE-cadherin mRNA more
strongly than in CK+ECs in the present study. A
previous report showed that luteal endothelial
celis, both CK+ECs and CK-ECs, have endothelial
cells markers, such as Tie2 and CD31; however,
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only CK-ECs expressed endothelial nitric oxide
synthase [32]. Moreover, the mRNA expression of
ET-1, another endothelial cell marker, was only evi-
dent in CK-ECs [32], as was the case in the present
study. Thus, CK-ECs may be a dominant cell type
in the CL. During the estrous cycle, VE-cadherin
mRNA expression also tended to increase in the
mid CL. VE-cadherin has been shown to be
involved in endothelial cells survival by shedding
molecules promoting apoptosis from the cell sur-
face [33]. A recent study indicated that VE-
cadherin antibody blocks neovascularization dur-
ing the luteal phases, resulting in inhibition of CL
development, a decrease in the vascular area and a
reduction of P production in mice [19]. Therefore,
VE-cadherin appears to be required for full devel-
opment of a functional CL.

We found that E-cadherin mRNA is expressed in
CK+ECs and LGCs, but not in CK-ECs. It has been
reported that rat granulosa cells do not have E-cad-
herin but rather that luteal cells express E-cadherin
in vivo [21, 22]. During the estrous cycle, E-cad-
herin mRNA expression was at its highest level
during the early luteal phase in the bovine CL, and
this was similar to previous studies in humans {17],
baboons [18] and rats [22], suggesting that expres-
sion of E-cadherin may be related to luteinization
[21, 22]. Also, addition of E-cadherin antibody
induces cell disruption within 30 min in baboon
luteal cells in vitro [18], indicating that cell-to-cell
adhesion by E-cadherin may be necessary for maxi-
mal intercellular communication between luteal
cells and luteal endothelial cells as synthesis of P
progresses. .

N-cadherin-neutralizing antibody inhibits granu-
losa cell aggregation and increases apoptosis in
these cells in the rat [20, 34]; this indicates that there
are direct relationships between N-cadherin-medi-
ated granulosa cell adhesion and survival [35]. N-
cadherin has been demonstrated in granulosa cells,
L.GCs and luteal cells in humans [35] and rats [20,
22]. In the present study, all examined cell types
(CK+ECs, CK-ECs and LGCs) expressed N-cad-
herin mRNA, suggesting that luteal cell-luteal cell
and /or luteal cell-endothelial cell communications
are formed by an adherence junction of N-cadherin
within the bovine CL. Luteal cells are strongly pos-
itive for N-cadherin in the early and mid-luteal
phases, whereas there is only weak N-cadherin
staining during the late luteal phase [35]. Our
present results support the above finding that the
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mMRNA expression of N-cadherin in the bovine CL
gradually increased from the early to late luteal
stage and then decreased in the regressed luteal
stage. Therefore, N-cadherin expression is an inte-
gral component of the remodeling processes,
including development and maintenance of the
bovine CL.

On the other hand, N-cadherin mRNA expres-
sion temporarily declined 2-4 h after PGFza
injection in the present study. At this time, produc-
tion of P from the CL drastically decreases, whereas
basic fibroblast growth factor (bFGF) is upregu-
lated by PGF32. administration in the CL [36].
Indeed, bFGF can suppress granulosa cell apopto-
sis, and this bFGF effect is prevented by exposure
to the N-cadherin antibody [36]. Moreover, expo-
sure to the N-cadherin antibody reduces the level of
tyrosine-phosphorylated FGF receptor [20]. There-
fore, this demonstrates that interaction between N-
cadherin and bFGF via the FGF receptor may be
required to prevent apoptosis. Taking these find-
ings into consideration, bFGF may not be capable of
acting as an anti-apoptetic through the FGF recep-
tor since downregulation of N-cadherin at the
initial step of PGFae-induced luteolysis resulted in
weakening of the blockade of apoptosis at an early
stage of luteolysis in the bovine CL.

All examined cell types (CK+ECs, CK-ECs and
LGCs) expressed both o- and f-catenins, suggest-
ing that signal transduction via binding to
cadherins may occur in luteal cell-luteal cell and/or
luteal cell-endothelial cell communication in the
bovine CL. At the time of initiation of full struc-
tural luteolysis (around 24 h after PGF;. injection),
expression of CAMs within the CL was upregu-
lated and/or maintained, whereas the CL volume

was gradually decreased by cell apoptosis [3].
Indeed, the mRNA expression of both o- and -
catenin were also maintained during PGFzq-
induced luteolysis. Expression of E-cadherin is
essential for Cx43 phosporylation and communica-
tion competence [37]. Therefore, the cadherin-
catenin complex might have a role in maintaining
the gap junction for communication of luteolytic
signals. Thereafter, gap and adherence junctions
may disappear due to progress of the luteolytic
cascade.

In summary, we have shown that the mRNAs of
CAMs were expressed differently in two types of
luteal endothelial cell and in fully luteinized granu-
losa cells and that they changed independently in
the CL during the estrous cycle and PGFzq-induced
luteolysis in the cow. The results suggest that
CAMs play physiological roles in the cell-to-cell
communication of the cow in order to regulate both
gap and adherence junctions during CL develop-
ment and regression.
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