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Abstract. In bovine placentomes, the inflammatory response is considered important for the detachment of the fetal
membrane from the caruncle after parturition. Glucocorticoids, a trigger of the onset of parturition, facilitate functional
maturation of placentomes via prostaglandin (PG) and estrogen production in cattle. This study investigated how exogeneous
glucocorticoids, which exert immunosuppressive effects, affect placental inflammation at parturition. Placentomes were
collected immediately after spontaneous or induced parturition. Parturition was conventionally induced using PGF2a
or dexamethasone or with a combination of triamcinolone acetonide and high-dose betamethasone (TABET treatment).
Polymerase chain reaction (PCR) array analysis indicated that 9/13 C—C motif chemokine ligands (CCLs) were upregulated
> two-fold in spontaneous parturition, with CCL2 and CCLS being highly expressed. The expressions of CCL2, CCLS, C—C
motif chemokine receptor 1 (CCR!), and CCR5 in caruncles were significantly higher in spontaneous parturition than in
induced parturition. Although the clinical dose of dexamethasone did not influence the expression of these CCLs and CCRs,
TABET treatment increased CCRI expression. CCL8, CCR1, CCR2, and CCR5 were localized in the caruncular epithelial
cells. CCR2 was also localized in the epithelial cells of the cotyledonary villi. This study is the first report to reveal the
disruption in CCL and CCR expression in bovine placentomes at induced parturition. Enhanced glucocorticoid exposure for
the induction of parturition may upregulate CCR expression in placentomes, but the treatment does not adequately promote
CCL expression. Additionally, immunohistochemistry suggested that the CCL-CCR system is involved in the functional
regulation of maternal and fetal epithelial cells in placentomes at parturition.
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Retained fetal membrane (RFM) in cows, defined as the fe-
tal membrane still present at least 12 h postpartum, occurs
in approximately 5-15% of the pregnant cows and is associated
with reduced fertility and milk production [1]. Degradation of the
extracellular matrix (ECM) is involved in tissue remodeling during
placental separation in the postpartum uterus [2]. Several studies
have suggested that matrix metalloproteinase (MMP) 2 and MMP9
possess collagenase activity and play essential roles in the detachment
of the fetal membrane from the caruncle [3, 4]. It is thought that
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leukocytes infiltrate into placentomes at parturition and participate
in tissue remodeling with the release of MMPs [5, 6]. Additionally,
a transcriptome study of peripartum placentomes revealed that the
physiological processes relating to ECM degradation and the innate
immune response are upregulated at parturition [7].

The activity of acid phosphatase, a predominant lysosomal
enzyme of the macrophages in placentomes, is higher in cases of
non-RFM than in RFM [8]. Several studies have suggested that
weak chemotactic activity of cotyledons and caruncles causes RFM
[9, 10]. Benedictus et al. [11] studied the chemotactic activity of
cotyledons for mononuclear leukocytes. The study revealed that
cotyledons obtained from cows with RFM in which parturition was
induced with dexamethasone possessed lower chemotactic activity.
Therefore, studies of the regulation of chemotaxis in term placentomes
are essential to reduce the incidence of RFM.

Induction of parturition in cattle is a useful management tool to
avoid dystocia by controlling gestation length and fetal size. The
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injection of prostaglandin (PG) F2a and/or dexamethasone is com-
monly performed to induce parturition in pregnant cows. However,
parturition induction has a negative effect; i.e. a high rate of occurrence
of RFM. Numerous studies have attempted to improve the methods
of hormonal induction to decrease the incidence of RFM. Recently,
we reported that enhanced glucocorticoid exposure with a combina-
tion of the long-acting glucocorticoid triamcinolone acetonide and
high-dose betamethasone (TABET treatment) increased expression
of PG-endoperoxide synthase 2 (PTGS2) and cytochrome P450,
family 17, subfamily A, polypeptide 1 (CYP17A41) in placentomes at
parturition [12]. PTGS2 is a key enzyme in the production of PGF2a,
which induces luteolysis and myometrium contraction. CYP17A1
converts pregnenolone to androstenedione, which is a precursor of
estrogens. These findings suggest that exogenous glucocorticoids
might induce placental maturation through increased PG or estrogen
synthesis. However, it is unclear how the exogenous glucocorticoids,
which exert anti-inflammatory and immunosuppressive effects, affect
placental inflammatory responses in placentomes at parturition.

Inflammatory chemokines that are a family of small chemotactic
proteins are responsible for the recruitment of leukocytes to the
site of inflammation. Chemokines are classified into subfamilies
according to the arrangement of the N-terminal cysteine residues.
In the two major subfamilies, the first two cysteines are adjacent
(C—C motif) or separated by one amino acid residue (C—X—C motif).
In this study, we conducted placental gene expression profiling of
inflammatory cytokines and their receptors at parturition in cows.
Since the expression of C—C motif chemokine ligand 2 (CCL2)
and CCLS drastically increased in the caruncles at spontaneous
parturition, the effects of the TABET treatment on the expression of
CCLs and C—C motif chemokine receptors (CCRs) were analyzed by
a comparison of induced and spontaneous parturition. Furthermore,
immunolocalization of these CCLs and CCRs in placentomes was
analyzed.

Materials and Methods

Animals and sample collection

Pregnancy was induced in 24 beef cows (Japanese Black, Angus,
and crossbred) by the transfer of in vivo-fertilized Japanese Black
embryos. The parity of the cows ranged from 1 to 8 (mean + stan-
dard deviation, 4.0 £ 2.9). The cows were divided into four groups
according to the delivery: spontaneous (SP group; n = 5), after
administration of PGF2a (PG group; n = 7), after administration
of dexamethasone followed by PGF2a and estriol (DEX group; n
= 6), and after administration of triamcinolone acetonide followed
by PGF2a and betamethasone sodium phosphate (TABET group;
n = 6). The PG group received 25 mg i.m. dinoprost tromethamine
(Pronalgon-F® injection; Pfizer Japan, Tokyo, Japan) [13]. The
DEX group received dexamethasone 20 mg i.m. (Kyoritsu Seiyaku,
Tokyo, Japan) followed 24 h later by PGF2a and estriol 20 mg i.m.
(Holin®; ASKA Pharmaceutical, Tokyo, Japan) [14]. The TABET
group received triamcinolone acetonide 0.017 mg i.m./kg body weight
(Kenacort-A®; Bristol-Myers Squibb, Tokyo, Japan) followed 5 days
later by PGF2a and betamethasone sodium phosphate 0.5 mg i.m./kg
body weight (Rinderon®; Shionogi & Co., Ltd., Osaka, Japan) [15].

Immediately after parturition, placentomal tissues were manually

collected through the birth canal. The placentomes were fixed in
10% neutral buffered formalin solution (pH 7.4) and embedded in
paraffin wax blocks for sectioning. The cotyledons and caruncles of
additional placentomes were manually separated, and the collected
samples were stored at —80°C prior to RNA extraction. The data on
parturition and the tissue samples used for gene expression analysis
and immunohistochemistry were the same as those used in a previous
study [15]. The gestation lengths were 292 + 3,284 £ 3,281 + 1, and
280 + 3 days, in the SP, PG, DEX, and TABET groups, respectively.
The incidences of RFM were 0, 71, 50, and 33% in the SP, PG, DEX,
and TABET groups, respectively.

All procedures for animal experiments were carried out in ac-
cordance with the guidelines and ethics approved by the Animal
Experiment Committee of the Animal Research Center.

Polymerase chain reaction (PCR) array analysis

The RT? Profiler PCR Array (PABT-011ZD, Qiagen, Hilden,
Germany) was used to profile the expressions of 84 genes encod-
ing bovine inflammatory cytokines and receptors. Total RNA was
isolated from the caruncles of two animals from each of the SP
and DEX groups using ISOGEN (Nippon Gene, Tokyo, Japan) and
reverse transcribed using the RT? First Strand Kit (Qiagen). Real-time
PCR was performed according to the manufacturer’s instructions
using a CFX96 Touch Real-Time PCR Detection System (Bio-Rad,
Richmond, CA). The data were analyzed by a data analysis center on
the web (https://www.qiagen.com/) and normalized to hypoxanthine
phosphoribosyltransferase 1 (HPRT1) mRNA. Fold changes in the
SP group compared to that of the DEX group were calculated from
average of mRNA levels in the two samples.

mRNA expression analysis by real-time PCR

Total RNA of all individuals was isolated from the cotyledons and
caruncles using ISOGEN and reverse transcribed using the iScript
gDNA Clear cDNA Synthesis Kit (Bio-Rad). Real-time PCR was
performed (in duplicate) using the GeneAce SYBR® qPCR Mix a
No ROX (Nippon Gene) for CCL2, CCL5, CCLS8, CCRI1, CCRS5,
CD11B, and actin beta (ACTB). Details of the oligonucleotide primers
are shown in Table 1. The PCR conditions were as follows: 10 min at
95°C followed by 40 cycles of 95°C for 30 sec and 60°C for 60 sec.
The real-time PCR was performed using a CFX Connect Real-Time
PCR Detection System (Bio-Rad). The data were normalized to
ACTB mRNA.

Immunohistochemistry

Immunohistochemistry for CCL8, CCR1, CCR2, and CCR5
in the bovine placentome at parturition was performed using the
automated Ventana HX System Discovery with a DabMapKit (Roche
Diagnostics, Basel, Switzerland), as described previously [16]. The
5 um-thick sections from formalin-fixed and paraffin-embedded
tissue were incubated at room temperature with rabbit polyclonal
anti-bovine CCL8 antibody (MBS2026335; 1:400; MyBioSource,
San Diego, CA), rabbit polyclonal anti-human CCR1 antibody
(ab140756; 1:200; Abcam PLC, Cambridge, UK), rabbit polyclonal
anti-human CCR2 antibody (NBP1-48337; 1:100; Novus Biologicals
LLC, Littleton, CO), or rabbit polyclonal anti-human CCRS antibody
(NBP2-31374SS; 1:100; Novus Biologicals LLC) for 12 h. The signals
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Gene Primer sequence Fragment size (bp) Ref Seq

CcCL2 F: 5-TCGCTGCAACATGAAGGTCT-3' 182 NM_174006.2
R: 5-TGCTGCTGGTGACTCTTCTG-3'

CCLS5 F: 5-ACCCACGTCCAGGAGTATTTC-3' 123 NM_175827.2
R: 5-GATGTACTCTCGCACCCACTT-3'

CCLS F: 5-GGGATTCTGTGTCTGCTGCT-3' 221 NM_174006.2
R: S“TTGGGGTCAGCACAGACATC-3'

CCRI1 F: 5-AACTGACAGCTTCCGACTCAC-3' 159 NM_001077839.1
R: 5-TCCCACGGGTCAAGGGAAAT-3'

CCRS5 F: 5“AGAGGAGCTGAGACATCCGT-3' 142 NM_001011672.2
R: 5-GCTGCAATTTGCCTCACGTT-3'

CDI1IB F: 5-AAGTCTGCCTCCAAGTTCGC-3' 194 NM_001039957.1
R: 5-GAGCTTCAGGGTCTCGCATT-3'

ACTB F: 5-AAAGAGATCACTGCCCTGGC-3' 154 NM_173979.3

R: 5'-CGGACTCATCGTACTCCTGC-3'

were detected using anti-rabbit IgG-biotin conjugate (Sigma-Aldrich,
St. Louis, MO, USA) diluted 1:100 for 1 h and then counterstained with
hematoxylin. Negative controls were performed using normal rabbit
IgG (NBP2-24891; Novus Biologicals LLC) diluted at concentrations
equivalent to the primary antibodies.

Statistical analysis

The results are presented as the mean + standard error. Differences
between the groups for SP, PG, DEX, and TABET were estimated
using a Tukey-Kramer test. Cotyledons and caruncle data were
analyzed separately. A P-value < 0.05 was considered significant.
We performed all analyses using the R statistical package version
3.3.3 for OS X.

Results

Profiling of inflammatory cytokine and receptor expression

We compared the expression levels of inflammatory cytokine
and receptor genes in the caruncles at parturition. As shown in
Table 2, 34/84 genes exhibited two-fold higher mRNA expression
in the SP group than in the DEX group. In contrast, the expression
levels of three genes were two-fold lower in the SP group. Among
the differentially expressed genes, CCL2 and CCLS exhibited high
normalized expression levels and the highest fold change between
the SP and DEX groups (Fig. 1). CCRI, CCR2, and CCRS, which
are cell surface receptors for CCL2 and CCLS8, exhibited two-fold
higher mRNA expression in the SP group (Table 2).

mRNA expression of CCLs and receptors in the placentome
The expression of CCL2 and CCL8 mRNA in the caruncles was
significantly higher in the SP than that in the PG, DEX, and TABET
groups (Fig. 2A and C). CCL5 mRNA expression in the cotyledon
was significantly higher in the PG than that in the SP and DEX
groups (Fig. 2B). Although there was no significant difference, CCL5
mRNA expression in the caruncle was lower in the SP and TABET
than that in the PG and DEX groups. CCRI mRNA expression in

the caruncle was significantly higher in the SP and TABET than that
in the PG and DEX groups (Fig. 2D). CCRI mRNA expression in
the cotyledon was significantly higher in the TABET than that in
the SP group. CCRS expression in the caruncle was significantly
higher in the SP than that in the DEX and TABET groups (Fig. 2E).
Although the difference was not statistically significant (P =0.094),
CCRS5 mRNA expression in the caruncle of the PG group was lower
than that in the SP group. The expression of CCR2 mRNA in the
placentome was confirmed using reverse transcription (RT)-PCR
(data not shown). However, CCR2 was excluded from the quantita-
tive real-time RT-PCR (qRT-PCR) analysis because of insufficient
transcripts. The expression of CD//B mRNA was analyzed as a
marker of macrophages (Fig. 2F). CD/1B mRNA expression in
the caruncle was higher in the SP group compared with that of the
induced parturition groups, but a significant difference was only
observed between the SP and DEX groups.

Localization of CCL8 and CCRs

Representative results of immunostaining in the TABET group
are shown in Fig. 3. The staining characteristics were similar in
all the experimental groups. Immunostaining of CCL8, CCR1,
CCR2, and CCRS was observed in the caruncular epithelial cells
adjacent to the chorionic plate, and in the interdigitation area of the
cotyledonary villi and caruncle (Fig. 3). CCR2 was also observed
in the cotyledonary epithelial cells. The localization of CCL2 in
the placentome remains uncertain because a specific antibody for
immunohistochemistry was unavailable.

Discussion

This study revealed that many inflammatory cytokines and
receptors were upregulated in the caruncle tissue at spontaneous
parturition compared with parturition induced with dexamethasone.
Gene expression levels that were measured using PCR array analysis
indicated that 9/13 CCLs were upregulated > two-fold in spontaneous
parturition, with CCL2 and CCLS being highly expressed. Streyl et
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Table 2. Transcripts upregulated and downregulated in caruncle tissue at spontaneous parturition compared with induced

(DEX group) parturition

Description Symbol Ref seq Fold change
Chemokine (C—C motif) ligand 8 CCL8 NM_ 174007 20.22
Chemokine (C—C motif) ligand 2 CCL2 NM_174006 16.64
Chemokine (C—X—C motif) ligand 8/Interleukin 8 CXCLS8/IL8 NM 173925 12.65
Interleukin 1, alpha IL1A NM_ 174092 10.53
Chemokine (C—X—C motif) ligand 1 CXCLI1/GRO1 NM_175700 8.30
Oncostatin M OSM NM 175713 8.30
Chemokine (C—C motif) ligand 24 CCL24 NM_001046596 8.03
Interleukin 1, beta IL1IB NM_174093 7.70
Chemokine (C—C motif) ligand 4 CCL4 NM_001075147 5.66
Chemokine (C—C motif) ligand 17 CCL17 XM_001788943 5.02
Interleukin 27 1L27 NM_001164653 4.85
Chemokine (C—X—C motif) ligand 5 CXCLS NM_174300 4.78
Chemokine (C—C motif) ligand 3 CCL3 NM_174511 4.20
Chemokine (C—C motif) receptor 8 CCR8 NM_001194962 3.75
Tumor necrosis factor receptor superfamily, member 11b TNFRSF11B NM_001098056 3.72
Interleukin 8 receptor, beta CXCR2 NM 174360 3.64
Chemokine (C—C motif) ligand 22 CCL22 NM_001099162 3.60
Chemokine (C—X—C motif) ligand 10 CXCL10 NM_001046551 3.56
Interleukin 1 receptor antagonist ILIRN NM_174357 3.32
Chemokine (C—C motif) receptor 5 CCRS NM_001011672 332
Chemokine (C—C motif) receptor 2 CCR2 NM_001194959 2.87
Colony stimulating factor 2 (granulocyte-macrophage) CSF2 NM_ 174027 2.60
Tumor necrosis factor (ligand) superfamily, member 4 TNFSF4 NM_001205715 2.57
Chemokine (C—C motif) ligand 1 CCL1 XM 001253011 2.50
Tumor necrosis factor TNF NM_173966 2.47
Tumor necrosis factor (ligand) superfamily, member 11 TNESFI11 NM_001205770 2.42
Secreted phosphoprotein 1 SPP1 NM_ 174187 2.38
Chemokine (C—C motif) receptor 4 CCR4 NM 001100293 2.31
Tumor necrosis factor (ligand) superfamily, member 10 TNFSF10 XM_002684917 2.14
Chemokine (C—X3—C motif) receptor 1 CX3CR1 NM_ 001102558 2.13
Chemokine (C—C motif) receptor 1 CCRI1 NM_001077839 2.12
Interleukin 2 receptor, gamma IL2RG NM_174359 2.10
Chemokine (C—C motif) receptor 3 CCR3 NM_001194960 2.06
Chemokine (C—C motif) ligand 26 CCL26 NM_001205635 2.05
Aminoacyl tRNA synthetase complex-interacting multifunctional protein 1 ~ AIMP1 NM_001035018 -2.08
Interleukin 17B IL17B NM_001192045 -3.35
Chemokine (C—C motif) ligand 5 CCLs NM 175827 -3.46

al. [7] compared placentomal gene expressions between preterm
cesarean section and spontaneous parturition using microarray
analysis. Although their study revealed that the expressions of C-X-C
motif chemokine ligand 2 (CXCL2) and CXCL5 were significantly
upregulated at spontaneous parturition, changes in the expressions of
CCLs were not reported. Upregulation of the expression of CXCLS5
in spontaneous parturition was consistently detected in this study, but
CXCL2 was not included in the PCR array. Further research concerning
the differential expression of inflammatory genes among induced
parturition, preterm cesarean section, and spontaneous parturition
will lead to a better understanding of the functional maturation of
placentomes at parturition.

Because PCR array analysis was performed using only two caruncle

samples from the SP and DEX groups, the expression level of genes
was verified using qRT-PCR. In spontaneous parturition, the expres-
sions of CCL2 and CCLS in the caruncles were significantly higher
than those in induced parturition. The clinical dose of dexamethasone
and TABET treatment had no influence on the expression of these
chemokines. CCL2 and CCLS are key chemokines that regulate the
migration and infiltration of monocytes/macrophages. Therefore,
it seems likely that the disruption of CCL2 and CCLS expression
in induced parturition leads to reduced infiltration of macrophages
into the caruncles.

The chemoattractant action of CCLs is induced through seven
transmembrane-spanning receptors in target cells [17]. CCL2 binds
specifically to CCR2. CCR2" monocytes are recruited to the site of
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Comparison of mRNA expression of inflammatory cytokine and
receptor genes in caruncle tissue between the SP (spontaneous)
and the DEX (induced) groups. Genes that are > 2-fold up- or
downregulated in the SP group fall outside the dotted lines.
Detailed values for each gene are included in Table 2.

acute inflammation by CCL2 gradients in peripheral tissues. CCL8
is an agonist of multiple CCRs to attract leukocytes. CCL8 has
high-affinity to CCRS and also possesses the capacity to interact with
CCRI1 and CCR2 [18, 19]. Upregulation of the expression of CCR1
and CCRS in the caruncles at spontaneous parturition was observed in
the PCR array and qRT-PCR analyses. Although upregulation of the
expression of CCR?2 in spontaneous parturition was detected by PCR
array analysis, no verification by qRT-PCR was performed because
of quantification limits. These results suggest that the chemotactic
activity by the CCL-CCR system is upregulated in placentomes at
spontaneous parturition. Consistently, in the caruncles, the expres-
sion of CDI1B that is a surface antigen of monocyte/macrophage,
neutrophils, and NK cells was the highest in spontaneous parturition.
Among the induced parturition groups, TABET treatment induced
an increase in CCR1 expression in the caruncles compared with the
conventional methods for the induction of parturition using PGF2a
or dexamethasone. However, there was no significant difference
in CCRS5 expression among the induced groups. The increase of
CCRI expression in the cotyledon of the TABET group may be
caused by contamination with maternal tissue. Placentomes from
induced parturition are hard and the separation of firmly attached
cotyledons and caruncles is likely to result in cross-contamination.
The increase of CCRI expression by TABET treatment suggests that
the glucocorticoids contribute to the activation of the CCL-CCR
system in placentomes at partition.

Although we detected CCL8, CCR1, CCR2, and CCRS5 in the
caruncular epithelial cells adjacent to the chorionic plate and in
the interdigitation area of the cotyledonary villi and caruncle, im-
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Fig. 2.

mRNA expression levels of CCLs and their receptors in the placentome at spontaneous (SP group) and induced (PG, DEX, and TABET groups)
parturition. A, CCL2; B, CCLS8; C, CCRI; and D, CCR5 mRNA expression. Statistically significant differences in the relative abundance of CCL2,
CCLS8, CCRI1, and CCR5 mRNA were analyzed in cotyledon (COT) and caruncle (CAR) tissue. Data are presented as the mean + standard error.

*P<0.05, ** P<0.01, *** P<0.001.
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Localization of CCLs and their receptors in placentomes at
parturition. Representative results of the TABET group are
shown. Arrows indicate the caruncular epithelial cells, and
arrowheads indicate the cotyledonary epithelial cells. The left-
hand panels indicate the adjacent area of the chorionic plate and
caruncle. The right-hand panels indicate the interdigitation area
of the cotyledonary villi and caruncle. CP, chorionic plate; MS,
maternal septum. Scale bar = 100 pm.

munolocalization of CCL2 was not confirmed. Additionally, we
observed the localization of CCR2 in the cotyledonary epithelial
cells. These results suggest that the increase of CCR expression in
spontaneous parturition and TABET treatment may be derived from
the caruncular epithelial cells. No immunohistochemical signals of
CCLs or CCRs in immune cells were detected in this study. Although
the reason is uncertain, this might be attributed to differences in
protein expression level or cellular characteristics for tissue fixation
by formalin between epithelial cells and immune cells. The current

results suggest that CCLs contribute to functional regulation of
epithelial cells of the caruncle and cotyledon.

The role of the CCL-CCR system in epithelial cells in the bovine
placentome at parturition is poorly understood. CCR1, CCR2, CCR3,
and CXCR3 were found to be expressed in uterine luminal epithelial
cells, glandular epithelial cells, or fetal trophoblasts on day 18 of
pregnancy [20]. In the study, stimulation with CCL8 in an endometrial
tissue culture system decreased PTGS2 expression. Similarly, CCL2
and CCL8 decreased oxytocin receptor expression. These findings
suggest that CCLs contribute to decreasing PG production and
preventing luteolysis during early pregnancy in cows. However,
luteolysis by PGF2a is regarded as a prerequisite for the onset of
parturition in cows [21]. Additionally, placentomal PG production
and conversion from progesterone to estrogen are augmented as
parturition progresses [22, 23]. Therefore, the roles of CCLs in the
placentome at parturition may differ from those in the endometrium
at early pregnancy, which is a progesterone-dominant environment.
Further studies are necessary to investigate the roles of CCLs in
placentomes, taking into consideration the estrogen-progesterone ratio.

In spontaneous parturition, there is a gradual rise in plasma cortisol
concentrations in the bovine fetus during the week prior to parturi-
tion, and the maximum concentration in fetal and maternal plasma
is observed immediately before parturition [24]. We conducted
TABET treatment to mimic this physiological change in fetal cortisol
secretion during spontaneous parturition to improve methods for
the induction of parturition. However, a prepartum increase of
glucocorticoids that have broad-ranging anti-inflammatory actions
is unlikely to be an activating factor of the CCL-CCR system.
Although Hamilton et al. [25] showed the increase of CCL2 and CCL8
expression in human term decidua, in vitro betamethasone treatment
downregulated chemokine expression in choriodecidual explants.
Thus, it appears that glucocorticoids are indirectly involved in the
increase in CCR1 expression in bovine placentomes at parturition.
In spontaneous parturition, increased cortisol release from the fetal
adrenals stimulates PGE2 and estrogen synthesis in the cotyledons
[21, 26]. The inflammatory activities of PGE2 and estrogen might
be involved in regulation of the CCL—CCR system in placentomes.

We observed a decrease of CCLS5, interleukin 17B, and aminoacyl
tRNA synthetase complex-interacting multifunctional protein 1 expres-
sion in the caruncle of the SP group using the PCR array analysis.
Consistently, CCL5 expression levels using qRT-PCR were lower
in the caruncles of the SP and TABET groups, but the differences
were not statistically significant. In addition, CCL5 expression in
the cotyledons was significantly lower in the SP and DEX than the
PG group. These results suggest that the expression of CCLS in
placentomes is not upregulated at normal parturition. Although CCL5
is an agonist of CCR1 [27] that was upregulated in the caruncle of
the SP and TABET groups, it might not be a major activating factor
of the CCL-CCR system in placentomes at parturition. CCL5 is
chemotactic for a variety of cell types, including T cells, monocytes,
dendritic cells, and mast cells [28]. We speculate that the differential
expression among CCLs participates in the specificity of leukocyte
subsets, which migrate to the placentomes.

In conclusion, this study is the first report to reveal the disruption in
CCL and CCR expression in bovine placentomes at induced parturition.
Enhanced glucocorticoid exposure for the induction of parturition may
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upregulate CCR/ expression in placentomes, but the treatment does
not adequately promote CCL expression. However, further studies
are needed to elucidate the details of how glucocorticoids facilitate
CCR] expression. Additionally, immunohistochemistry suggested
that the CCL-CCR system is involved in the functional regulation
of maternal and fetal epithelial cells in placentomes at parturition.

Acknowledgments

This work was supported by JSPS KAKENHI Grant Numbers

JP25450458 and MEXT KAKENHI Grant Number JP16H05040.

References

Laven RA, Peters AR. Bovine retained placenta: actiology, pathogenesis and economic
loss. Vet Rec 1996; 139: 465-471. [Medline] [CrossRef]

Attupuram NM, Kumaresan A, Narayanan K, Kumar H. Cellular and molecular
mechanisms involved in placental separation in the bovine: A review. Mol Reprod Dev
2016; 83: 287-297. [Medline] [CrossRef]

Walter I, Boos A. Matrix metalloproteinases (MMP-2 and MMP-9) and tissue inhibitor-2
of matrix metalloproteinases (TIMP-2) in the placenta and interplacental uterine wall in
normal cows and in cattle with retention of fetal membranes. Placenta 2001; 22: 473-483.
[Medline] [CrossRef]

Takagi M, Yamamoto D, Ohtani M, Miyamoto A. Quantitative analysis of messenger
RNA expression of matrix metalloproteinases (MMP-2 and MMP-9), tissue inhibitor-2 of
matrix metalloproteinases (TIMP-2), and steroidogenic enzymes in bovine placentomes
during gestation and postpartum. Mol Reprod Dev 2007; 74: 801-807. [Medline] [Cross-
Ref]

Chakrabarti S, Patel KD. Matrix metalloproteinase-2 (MMP-2) and MMP-9 in pulmo-
nary pathology. Exp Lung Res 2005; 31: 599-621. [Medline] [CrossRef]

Miyoshi M, Sawamukai Y. Specific localization of macrophages in pregnant bovine
caruncles. Reprod Domest Anim 2004; 39: 125-128. [Medline] [CrossRef]

Streyl D, Kenngott R, Herbach N, Wanke R, Blum H, Sinowatz F, Wolf E, Zerbe H,
Bauersachs S. Gene expression profiling of bovine peripartal placentomes: detection of
molecular pathways potentially involved in the release of foetal membranes. Reproduction
2012; 143: 85-105. [Medline] [CrossRef]

Miyoshi M, Sawamukai Y, Iwanaga T. Reduced phagocytotic activity of macrophages
in the bovine retained placenta. Reprod Domest Anim 2002; 37: 53-56. [Medline] [Cross-
Ref]

Gunnink JW. Retained placenta and leucocytic activity. Vet O 1984; 6: 49-51. [Medline]
[CrossRef]

Gunnink JW. Pre-partum leucocytic activity and retained placenta. Vet O 1984; 6: 52-54.
[Medline] [CrossRef]

Benedictus L, Jorritsma R, Knijn HM, Vos PL, Koets AP. Chemotactic activity of
cotyledons for mononuclear leukocytes related to occurrence of retained placenta in dexa-
methasone induced parturition in cattle. Theriogenology 2011; 76: 802-809. [Medline]
[CrossRef]

Yasuhara T, Koyama K, Sakumoto R, Fujii T, Naito A, Moriyasu S, Kageyama S, Hi-

13.

14.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

rayama H. Enhanced glucocorticoid exposure facilitates the expression of genes involved
in prostaglandin and estrogen syntheses in bovine placentomes at induced parturition.
Theriogenology 2019; 139: 1-7. [Medline] [CrossRef]

Claydon RK. Induction of parturition in cattle during the later stages of pregnancy: a
comparison of three treatments. Vet Rec 1984; 114: 113—114. [Medline] [CrossRef]
Goto Y, Kaneyama K, Kobayashi S, Imai K, Shin-Noh M, Tsujino T, Nakano T,
Matsuda S, Nakane S, Kojima T. Birth of cloned calves derived from cultured oviductal
epithelial cells of a dairy cow. Nihon Chikusan Gakkaiho 1999; 70: 243-245. [CrossRef]
Hirayama H, Koyama K, Sawai K, Fujii T, Naito A, Fukuda S, Kageyama S.
Localization of TGF-p and TGF-f receptor in bovine term placentome and expression
differences between spontaneous and induced parturition. Placenta 2015; 36: 1239-1245.
[Medline] [CrossRef]

Ushizawa K, Takahashi T, Hosoe M, Kizaki K, Hashizume K. Characterization and
expression analysis of SOLDI, a novel member of the retrotransposon-derived Ly-6
superfamily, in bovine placental villi. PLoS One 2009; 4: e5814. [Medline] [CrossRef]
Sokol CL, Luster AD. The chemokine system in innate immunity. Cold Spring Harb
Perspect Biol 2015; 7: 1-20. [Medline] [CrossRef]

Gong W, Howard OM, Turpin JA, Grimm MC, Ueda H, Gray PW, Raport CJ,
Oppenheim JJ, Wang JM. Monocyte chemotactic protein-2 activates CCRS and blocks
CD4/CCR5-mediated HIV-1 entry/replication. J Biol Chem 1998; 273: 4289-4292. [Med-
line] [CrossRef]

Gong X, Gong W, Kuhns DB, Ben-Baruch A, Howard OM, Wang JM. Monocyte
chemotactic protein-2 (MCP-2) uses CCR1 and CCR2B as its functional receptors. J Biol
Chem 1997, 272: 11682-11685. [Medline] [CrossRef]

Sakumoto R, Hayashi K-G, Fujii S, Kanahara H, Hosoe M, Furusawa T, Kizaki K.
Possible roles of CC- and CXC-chemokines in regulating bovine eneometrial function
during early rregnancy. Int J Mol Sci 2017; 18: 742. [Medline] [CrossRef]

Schuler G, Fiirbass R, Klisch K. Placental contribution to the endocrinology of gestation
and parturition. Anim Reprod 2018; 15: 822-842. [CrossRef]

Schuler G, Teichmann U, Kowalewski MP, Hoffmann B, Madore E, Fortier MA,
Klisch K. Expression of cyclooxygenase-II (COX-II) and 20alpha-hydroxysteroid
dehydrogenase (20alpha-HSD)/prostaglandin F-synthase (PGFS) in bovine placentomes:
implications for the initiation of parturition in cattle. Placenta 2006; 27: 1022-1029.
[Medline] [CrossRef]

Wischral A, Verreschi IT, Lima SB, Hayashi LF, Barnabe RC. Pre-parturition profile
of steroids and prostaglandin in cows with or without foetal membrane retention. Anim
Reprod Sci 2001; 67: 181-188. [Medline] [CrossRef]

Comline RS, Hall LW, Lavelle RB, Nathanielsz PW, Silver M. Parturition in the cow:
endocrine changes in animals with chronically implanted catheters in the foetal and mater-
nal circulations. J Endocrinol 1974; 63: 451-472. [Medline] [CrossRef]

Hamilton SA, Tower CL, Jones RL. Identification of chemokines associated with the
recruitment of decidual leukocytes in human labour: potential novel targets for preterm
labour. PLoS One 2013; 8: €56946. [Medline] [CrossRef]

Whittle WL, Holloway AC, Lye SJ, Gibb W, Challis JR. Prostaglandin production at
the onset of ovine parturition is regulated by both estrogen-independent and estrogen-
dependent pathways. Endocrinology 2000; 141: 3783-3791. [Medline] [CrossRef]
Proudfoot AEI, Fritchley S, Borlat F, Shaw JP, Vilbois F, Zwahlen C, Trkola A,
Marchant D, Clapham PR, Wells TNC. The BBXB motif of RANTES is the princi-
pal site for heparin binding and controls receptor selectivity. J Biol Chem 2001; 276:
10620-10626. [Medline] [CrossRef]

Schall TJ. Biology of the RANTES/SIS cytokine family. Cytokine 1991; 3: 165-183.
[Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/8938967?dopt=Abstract
http://dx.doi.org/10.1136/vr.139.19.465
http://www.ncbi.nlm.nih.gov/pubmed/26970238?dopt=Abstract
http://dx.doi.org/10.1002/mrd.22635
http://www.ncbi.nlm.nih.gov/pubmed/11373158?dopt=Abstract
http://dx.doi.org/10.1053/plac.2001.0633
http://www.ncbi.nlm.nih.gov/pubmed/17154296?dopt=Abstract
http://dx.doi.org/10.1002/mrd.20637
http://dx.doi.org/10.1002/mrd.20637
http://www.ncbi.nlm.nih.gov/pubmed/16019990?dopt=Abstract
http://dx.doi.org/10.1080/019021490944232
http://www.ncbi.nlm.nih.gov/pubmed/15182286?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0531.2004.00484.x
http://www.ncbi.nlm.nih.gov/pubmed/22031715?dopt=Abstract
http://dx.doi.org/10.1530/REP-11-0204
http://www.ncbi.nlm.nih.gov/pubmed/11882246?dopt=Abstract
http://dx.doi.org/10.1046/j.1439-0531.2002.00332.x
http://dx.doi.org/10.1046/j.1439-0531.2002.00332.x
http://www.ncbi.nlm.nih.gov/pubmed/6740888?dopt=Abstract
http://dx.doi.org/10.1080/01652176.1984.9693909
http://www.ncbi.nlm.nih.gov/pubmed/6740889?dopt=Abstract
http://dx.doi.org/10.1080/01652176.1984.9693910
http://www.ncbi.nlm.nih.gov/pubmed/21664669?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2011.03.023
http://www.ncbi.nlm.nih.gov/pubmed/31352133?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2019.07.016
http://www.ncbi.nlm.nih.gov/pubmed/6583883?dopt=Abstract
http://dx.doi.org/10.1136/vr.114.5.113
http://dx.doi.org/10.2508/chikusan.70.243
http://www.ncbi.nlm.nih.gov/pubmed/26382756?dopt=Abstract
http://dx.doi.org/10.1016/j.placenta.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19503832?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0005814
http://www.ncbi.nlm.nih.gov/pubmed/25635046?dopt=Abstract
http://dx.doi.org/10.1101/cshperspect.a016303
http://www.ncbi.nlm.nih.gov/pubmed/9468473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9468473?dopt=Abstract
http://dx.doi.org/10.1074/jbc.273.8.4289
http://www.ncbi.nlm.nih.gov/pubmed/9115216?dopt=Abstract
http://dx.doi.org/10.1074/jbc.272.18.11682
http://www.ncbi.nlm.nih.gov/pubmed/28362325?dopt=Abstract
http://dx.doi.org/10.3390/ijms18040742
http://dx.doi.org/10.21451/1984-3143-AR2018-0015
http://www.ncbi.nlm.nih.gov/pubmed/16375967?dopt=Abstract
http://dx.doi.org/10.1016/j.placenta.2005.11.001
http://www.ncbi.nlm.nih.gov/pubmed/11530264?dopt=Abstract
http://dx.doi.org/10.1016/S0378-4320(01)00119-1
http://www.ncbi.nlm.nih.gov/pubmed/4375697?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.0630451
http://www.ncbi.nlm.nih.gov/pubmed/23451115?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0056946
http://www.ncbi.nlm.nih.gov/pubmed/11014234?dopt=Abstract
http://dx.doi.org/10.1210/endo.141.10.7703
http://www.ncbi.nlm.nih.gov/pubmed/11116158?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M010867200
http://www.ncbi.nlm.nih.gov/pubmed/1715772?dopt=Abstract
http://dx.doi.org/10.1016/1043-4666(91)90013-4

