Alterations in pregnancy-associated glycoprotein
concentrations of pregnant sheep experimentally
infected with bovine viral diarrhea virus

OBJECTIVE

To compare pregnancy-associated glycoprotein | (PAGI) concentrations
in maternal (jugular vein) and fetal (uterine vein) circulations and amniotic
fluid samples between pregnant ewes that were and were not experimen-
tally infected with bovine viral diarrhea virus (BVDYV).
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Before study initiation, all ewes were naive to BVDV and confirmed preg-
nant by transabdominal ultrasonography at approximately 60 days of gesta-
tion. At 65 days of gestation, ewes were intranasally inoculated with a non-
cytopathic BVDV type |b strain (concentration, 107 TCID;o/mL; 2 mL/nos-
tril; n = 6) or an equal volume of BVDV-free viral culture medium (control;
5). A blood sample was collected for measurement of PAG| concentration
before inoculation. At 80 days of gestation, each ewe was anesthetized and
underwent an ovariohysterectomy. While sheep were anesthetized, blood
samples from the jugular and uterine veins and an amniotic fluid sample were
collected for measurement of PAGI concentration. Fetal tissues underwent
real-time PCR analysis for BYVDV RNA, and placental specimens underwent
histologic evaluation and immunohistochemical staining for BVDV antigen.

RESULTS

At 80 days of gestation, BYDV RNA in fetal tissues and mild placentitis were
detected in 5 of 6 BVDV-inoculated ewes. Mean PAGI concentrations in the
maternal and fetal circulations of BVDV-inoculated ewes were significantly
less than those in control ewes. Mean amniotic fluid PAGI concentration
did not differ significantly between the 2 groups.

CONCLUSIONS AND CLINICAL RELEVANCE

Concentration of PAGI in the maternal circulation may be a useful bio-

marker for determining placental health in sheep after viral infection of the
reproductive tract. (Am J Vet Res 2021;82:63-70)
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Bovine viral diarrhea virus is an economically im-
portant pathogen of livestock worldwide, and
many ungulate species are susceptible to BVDV infec-
tion.! In pregnant ungulates, the virus can cross the
placenta and infect the fetus, and the outcome for the
infected fetus is dependent on the immune status of
the dam, stage of gestation at the time of infection,
and biotype and virulence of the virus.? Results of a
2015 meta-analysis® indicate that exposure of BVDV-
naive cattle to the virus during gestation results in fe-
tal infection > 95% of the time. Potential reproductive
sequelae associated with BVDV infection in pregnant
cattle include reduced conception rates, embryonic
death, abortion, congenital malformations, and tran-

ABBREVIATIONS

BVDV Bovine viral diarrhea virus

Ct Cycle threshold

Ccv Coefficient of variation

PAG Pregnancy-associated glycoprotein
RT-PCR Real-time PCR

sient or persistent infection of the fetus. Pregnant
ewes exposed to BVDV have similar disease progres-
sion and outcomes as pregnant cows. However, the
age to reproductive maturity is less and the gestation
period for sheep is much shorter than those for cattle.
Therefore, ewes can serve as a useful experimental
model for investigating the pathogenesis of BVDV in-
fection at the maternal-fetal interface.
Pregnancy-associated glycoproteins are pro-
duced by the trophoblast and accumulate at the
microvillar junction of the placenta.®” Measurement
of PAG concentrations in blood and milk is commonly
used to determine pregnancy status of ruminants.®?
Although the function of PAGs is not completely un-
derstood, they have been evaluated as biomarkers
for placental health.® Decreases in circulating PAG
concentrations are associated with embryonic loss
and Neospora caninum-induced abortion.!%-12 Al-
terations in PAG concentrations are associated with
abnormal placental development in embryo recipi-
ents carrying somatic cell nuclear transfer fetuses.!314
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To our knowledge, variations in PAG concentrations
have not been evaluated in pregnant animals follow-
ing viral infection of the reproductive tract.

The purpose of the study reported here was to
determine whether PAG1 concentrations in maternal
(jugular vein) and fetal (uterine vein) circulations and
amniotic fluid samples differed between pregnant
ewes that were and were not experimentally inocu-
lated with BVDV at 65 days of gestation. Our hypoth-
eses were that PAG1 concentrations in all 3 compart-
ments (maternal and fetal circulations and amniotic
fluid) of BVDV-infected ewes would be significantly
lower than those in sham-inoculated (control) ewes
and that the decrease in PAG1 concentrations could
be used as an indicator of placental health.

Materials and Methods

Animals

All study procedures were reviewed and ap-
proved by the University of Tennessee Institutional
Animal Care and Use Committee (protocol 2479).
Fifteen yearling primiparous Katahdin ewes were
acquired from local sources for the study. The ewes
underwent an estrus synchronization program. For
each ewe, an intravaginal insert* containing 09 g
of progesterone was placed within the vagina as di-
rected by the manufacturer and removed 7 days later.
Dinoprost tromethamine® (5 mg, IM) was admin-
istered when the intravaginal insert was removed.
The ewes were then housed as a group with a repro-
ductively sound ram for breeding by natural service.
Transabdominal ultrasonography was used to deter-
mine the pregnancy status of ewes 30 and 60 days af-
ter breeding activity was first observed. At the 60-day
ultrasonographic evaluation, 11 of the 15 ewes were
confirmed to be carrying fetuses with a gestational
age of approximately 60 days; the remaining 4 ewes
were carrying younger fetuses and were excluded
from the study.

Experimental design

The 11 pregnant ewes retained in the study were
randomly assigned by use of a computerized spread-
sheet program® to a BVDV-inoculated (n = 6) or con-
trol (5) group. Animals were housed indoors within
their designated treatment groups. A larger number
of ewes were allotted to the BVDV-inoculated group
to account for expected fetal loss following virus in-
oculation. At 65 days of gestation, each ewe of the
BVDV-inoculated group was intranasally inoculated
with a noncytopathic type 1b BVDV isolate to mimic
natural exposure to the virus, and each ewe of the
control group was intranasally inoculated with an
equal volume of viral culture medium. Blood was
collected from each ewe at predetermined times for
measurement of serum PAG1 and progesterone con-
centrations. All ewes underwent an ovariohysterec-
tomy at 80 days of gestation.

Intranasal inoculation

A noncytopathic BVDV type 1b isolate (NY-1
strain) was propagated in Madin-Darby bovine kid-
ney cells in viral culture medium that contained
Eagle minimum essential medium with 10% fetal bo-
vine serum, 1-glutamine, penicillin G, and streptomy-
cin. The resulting inoculum had a BVDV concentra-
tion of 107 TCIDs,/mL.

At 65 days of gestation, each ewe was inoculated
with the designated inoculum (BVDV or viral culture
medium only), as described.’> Briefly, each ewe was
physically restrained and haltered. The ewe’s head
was then elevated and stabilized for intranasal inocu-
lation. A disposable intranasal cannula was used to
deposit 2 mL of the designated inoculum in each nos-
tril. Thus, each ewe in the BVDV-inoculated group
received 4 X 107 TCIDs,, of the virus.

Blood sample collection and processing

For each ewe in both treatment groups, a blood
sample (approx 10 mL) was collected by jugular ve-
nipuncture into a blood-collection tube without any
additives at 65 and 80 days of gestation for measure-
ment of serum PAG1 and progesterone (day 80 sam-
ples only) concentrations. All blood samples were al-
lowed to clot for 30 minutes and then centrifuged at
3,000 X g for 10 minutes. Serum was harvested from
each sample, divided into three 1.5-mL aliquots, and
stored frozen at -80°C until analysis.

Ovariohysterectomy

At 80 days of gestation (15 days after experimental
inoculation), each ewe was anesthetized, positioned
in dorsal recumbency, and aseptically prepared for
an ovariohysterectomy via a ventral midline incision
in a routine manner. A 12- to 15-cm-long incision was
made on the ventral midline beginning immediately
cranial to the udder attachment and extending crani-
ally. The linea alba was identified and incised. The
uterine horns were carefully exteriorized. The uter-
ine vein ipsilateral to the gravid horn was identified,
and 3 mL of blood was collected from the vein by
use of a 21-gauge butterfly catheter. Then, 3 mL of
amniotic fluid was aspirated from the gravid uterine
horn by use of a 20-gauge needle attached to a 3-mL
syringe. The ovaries, uterus, and all fetal tissues were
removed en bloc. A window was created in each
broad ligament, and each ovarian pedicle was double
ligated 1 cm apart with size-1 or -2 polydioxanone or
polyglactin (absorbable) suture prior to transection.
The uterine body was ligated at the cervix by use of
1 encircling ligature and 1 transfixing ligature with
size-1 or -2 absorbable suture. The body wall was
closed in 3 layers as described.'® The peritoneum and
linea alba were closed together in a simple continu-
ous pattern with size-1 absorbable suture, as was the
subcutaneous tissue layer. The skin was closed in a
Ford interlocking pattern with size-1 polyamide su-
ture. Ewes were allowed to recover from anesthesia
following completion of the surgery and were sold at
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market after an appropriate drug withdrawal interval
had been observed.

All uterine and fetal tissues were placed on ice im-
mediately and processed within 30 minutes after re-
moval from the ewe. Representative placentomes and
fetal tissues were flash frozen in liquid nitrogen. All
specimens were stored frozen at -80°C until analysis.

PAG analysis

Pregnancy-specific protein B is a placental pro-
tein that consists of an unknown number of PAG
variants.!” For the purpose of this study, we refer
to pregnancy-specific protein B as PAG1. The con-
centrations of PAGl were determined in serum
from blood samples collected from the jugular and
uterine veins and amniotic fluid samples by use
of a commercially available PAG1-specific ELISA,¢
which was performed in accordance with the man-
ufacturer’s instructions. The PAG1 concentrations
were measured in duplicate for all samples ob-
tained from study subjects as well as a protein stan-
dard and serum samples obtained from nonpreg-
nant (negative control) and late-gestation (positive
control) ewes. A plate reader set at a wavelength of
650 nm was used to read the plates within 30 min-
utes after completion of the ELISA, and PAG1 con-
centrations were derived from a standard curve,
which was replicated in duplicate on each plate.
The standard best-fit line was accepted with a fit
R? > 0.989. The mean intra-assay CVs for 2 quality
control pools were < 3% and < 5%. The mean inter-
assay CVs for those same quality control pools were
2% and 15%.

Progesterone measurement

For serum samples collected
from the jugular vein at 80 days
of gestation, the progesterone
concentration was measured by
use of a commercially available
radioimmunoassay.© The assay was
performed in accordance with the
manufacturer’s instructions, except
that an additional 15-minute incuba-
tion period was observed before the
precipitated solutions were centri-
fuged. The intra-assay and interassay
CVs were both < 10%.

BVDV RT-PCR assay

An RT-PCR assay was used to as-
sess fetal tissue for the presence of
BVDV RNA as described.!® Briefly,
fetal tissues obtained from each ewe

GACT-3") and forward (5-CCATRCCCDTAGTAG-
GACTAGC-3") primers and a BVDV probes (5"TGG-
ATGGCYRAABCCCTGAGT-3' with the addition of dye
label 6-FAM on the 5' end and black hole quencher"
on the 3' end). Any sample with a Ct < 30 was consid-
ered positive for BVDV RNA.

Tissue processing and
immunohistochemical staining

Placentome specimens were fixed in neutral-
buffered 10% formalin and then routinely processed
for histologic evaluation. Briefly, formalin-fixed tis-
sue specimens were embedded in paraffin, cut into
4-mm-thick sections, and stained with H&E stain.
Additionally, standard immunohistochemical stain-
ing procedures were used to assess tissues for BVDV.
Paraffin-embedded tissue specimens were sliced into
5-mm-thick sections and placed on charged micro-
scope slides for immunohistochemical staining by an
automated system.! Each section was deparaffinized
and underwent antigen retrieval with a protease 2 re-
trieval solution for 8 minutes at 37°C. The section was
then incubated with a monoclonal anti-BVDV glyco-
protein E antibody! (concentration, 1:400) for 1 hour.
A multimer-based ultramap anti-mouse detection sys-
tem® with red chromogen was used to detect virus-
antibody complexes within the tissue specimen. Posi-
tive and negative control specimens were processed
in a similar manner. Positive control specimens were
bovine ear notch specimens that tested positive for
BVDV by a PCR assay. Negative control specimens
were bovine ear notch specimens for which the pri-

Figure |—Representative photomicrograph of a section of placentome obtained at
80 days of gestation from a pregnant yearling Katahdin ewe that was experimentally

were homogenized, and RNA was inoculated with 4 X 107 TCIDg, of a noncytopathic BVDV type Ib isolate (NY-1
extracted by use of a viral RNA iso- strain), intranasally, at 65 days of gestation. The chorioallantois (asterisk) is lined by
lation kit! in accordance with the Plump trophoblastic epithelium that contains multifocal areas of intracytoplasmic

manufacturer’s instructions. The

immunoreactivity for BVDV antigen (red-stained tissue; arrow). The maternal en-
dometrium (dagger), which interdigitates with the chorioallantois, is lined by attenu-

PRC reaction mixture contained ated epithelium that was not immunoreactive for BVDV. Bovine viral diarrhea virus
reverse (5-GYGTCGAACCAYTGAC- glycoprotein E-specific immunohistochemical stain; bar = 100 um.
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mary anti-BVDV antibody was replaced with homolo-
gous non-BVDV immune bovine serum.

Statistical analysis

Outcome variables of interest were PAG1 con-
centrations in serum obtained from blood samples
collected from the jugular (jugular PAG1 concentra-
tion) and uterine (uterine vein PAG1 concentration)
veins and amniotic fluid samples and serum proges-
terone concentration. The data distribution for each
outcome was assessed for normality by means of the
Shapiro-Wilk test. All variables were normally distrib-
uted, and results were summarized as the mean % SE.
One-way ANOVA was used to compare the serum
progesterone concentration at the time of ovariohys-
terectomy and the uterine vein PAG1 concentration
between the 2 treatment groups (BVDV-inoculated
and control). A mixed linear model was used to as-
sess the effects of treatment group and sample ac-
quisition time (65 and 80 days of gestation; time) on
the jugular PAG1 concentration. The mixed linear
model included fixed effects for treatment group,
time, and the interaction between treatment group
and time and a random effect to account for repeated
measures within ewes. The respective associations
between serum progesterone concentration and jug-
ular PAG1 concentration at 80 days of gestation and
between uterine vein PAG1 concentration and jugu-
lar PAG1 concentration were assessed by calculation
of the Pearson correlation coefficients. Values of P <
0.05 were considered significant. All analyses were

Progesterone (ng/mL)
= N ©
N P ~ [ © & IS
T T T T T T ]

o
a
[

Control BVDV

Figure 2—Mean * SE PAGI concentration in serum obtained
from blood collected from the jugular vein (jugular PAGI con-
centration; A) at 65 and 80 days of gestation and mean + SE
progesterone concentration in serum obtained from blood
collected from the jugular vein (B) and PAGI concentration
in serum obtained from blood collected from the uterine vein
(uterine vein PAGI concentration; C) at 80 days of gestation
for pregnant yearling Katahdin ewes that were experimen-
tally inoculated with 4 X 107 TCIDs, of a noncytopathic BVDV
type |Ib isolate (NY-I strain; BVDV-inoculated group; black
bars; n = 5) or 4 mL of BYDV-free viral culture medium (con-
trol group; gray bars; 5), intranasally, at 65 days of gestation.
*Mean differs significantly (P < 0.05) between the 2 groups.

performed by use of commercially available statistical
software.!

Results

Outcome of experimental inoculation

Fetal tissues from all 5 ewes of the control group
yielded negative RT-PCR assay results (Ct > 30). Fetal
tissue from 1 of the 6 ewes of the BVDV-inoculated
group also yielded negative RT-PCR assay results, and
data for that ewe were excluded from all subsequent
analyses. Fetal tissues from the remaining 5 BVDV-
inoculated ewes yielded positive RT-PCR assay results
(Ct < 30) with Cts that ranged from 22.47 to 29.29
(mean * SE, 25.63 + 2.63).

Histologic evaluation of H&E stained-placentome
tissue sections did not reveal substantial differences be-
tween BVDV-inoculated and control ewes. Placentome
sections obtained from control ewes contained low
numbers of mononuclear cells (predominantly lympho-
cytes) at all levels of the endometrial stroma. In placent-
ome sections obtained from BVDV-inoculated ewes, the
intercaruncular regions of the endometrial epithelium
contained mildly increased numbers of intraepithelial
mononuclear cells, compared with the intercaruncular
regions of the endometrial epithelium of control ewes.
Evaluation of immunohistochemically stained placen-
tome sections revealed the presence of BVDV antigen
within the trophoblastic epithelium lining the chorio-
allantoic villi of all BVDV-inoculated ewes (Figure ).
Bovine viral diarrhea virus antigen was not detected in
immunohistochemically stained placentome sections of
control ewes.
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Figure 3—Scatterplots of serum progesterone concentration versus jugular PAGI concentration (A) and uterine vein PAGI
concentration versus jugular PAGI concentration (B) at 80 days of gestation for the ewes of the BVDV (black circles) and control
(white circles) groups described in Figure 2. Jugular PAGI concentration was not correlated with serum progesterone concen-
tration (r = 0.096; P = 0.13) but was positively correlated with uterine vein PAGI concentration (r = 0.896; P < 0.01). The dotted
line represents the linear regression line. See Figure 2 for remainder of key.

Progesterone and PAG concentrations

The mean jugular PAG1 concentration did not
differ significantly (P = 0.08) between the ewes of
the BVDV and control groups at 65 days of gestation.
However, at 80 days of gestation, the mean jugular
PAG1 concentration for the BVDV-inoculated ewes
was significantly (P = 0.04) less than that for the con-
trol ewes (Figure 2). Also, the jugular PAG1 concen-
tration decreased significantly (P = 0.03) between 65
and 80 days of gestation, regardless of the treatment
group.

The mean serum progesterone concentration
at 80 days of gestation did not differ significantly (P
= 0.08) between BVDV-inoculated and control ewes
(Figure 2). The serum progesterone concentration
was not significantly (P = 0.13) correlated with the
jugular PAG1 concentration at 80 days of gestation
(Figure 3).

At 80 days of gestation, the mean uterine vein
PAG1 concentration for the BVDV-inoculated ewes
was significantly (P = 0.01) less than the mean uterine
vein PAG1 concentration for the control ewes (Figure
2). There was a strong positive correlation (7 = 0.896;
P < 0.01) between uterine vein PAG1 concentration
and jugular PAG1 concentration (Figure 3). The mean
* SE amniotic fluid PAG1 concentration at 80 days of
gestation for the BVDV-inoculated ewes (45.59 +25.88
ng/mL) did not differ significantly (P = 0.86) from
that for the control ewes (5991 * 2.05 ng/mL).

Discussion

In the present study, intranasal inoculation of
pregnant BVDV-naive ewes with a noncytopathic
type 1b strain of BVDV at 65 days of gestation resulted
in fetal infection by 80 days of gestation as evidenced
by the identification of viral RNA within fetal tissues
by RT-PCR assay and histologic evidence of BVDV an-
tigen and inflammation in the placenta. Additionally,
for BVDV-inoculated ewes, the PAG1 concentrations
in serum obtained from blood samples collected from

both maternal (jugular PAG1 concentration) and fetal
(uterine vein PAG1 concentration) circulations at 80
days of gestation were significantly lower, compared
with those of control ewes that were sham inoculated
with viral culture medium at 65 days of gestation. To
our knowledge, the present study was the first to de-
scribe the effects of BVDV infection on maternal and
fetal PAG1 concentrations in a ruminant species.

The intranasal injection method used to experi-
mentally inoculate the ewes of the present study
mimicked the most common route of natural expo-
sure to BVDV for pregnant animals.!” The NY-1 strain
of BVDV used to experimentally inoculate the ewes
of the present study is a noncytopathic type 1b strain
of the virus. Noncytopathic type 2 strains of BVDV
have also been used to successfully induce experi-
mental fetal infections in pregnant sheep.?® Bovine
viral diarrhea virus isolates with a noncytopathic bio-
type are capable of producing an array of reproduc-
tive sequelae including the birth of offspring that are
persistently infected with the virus.? Creation of off-
spring persistently infected with BVDV requires pas-
sage of the virus into fetal compartments and main-
tenance of the pregnancy by the dam. In the present
study, the histologic lesions observed in placental
specimens of BVDV-inoculated ewes were minimal,
compared with the histologic findings in placental
specimens of control ewes; however, immunohisto-
chemical staining confirmed the presence of BVDV
antigen in the trophoblasts of BVDV-inoculated ewes.
No abortions were detected during the observation
period for any of the ewes of the present study. That
finding was consistent with the results of other stud-
ies'®2% in which BVDV was used to experimentally
induce fetal infections in small ruminant species. In
goats, 4 of 9 does experimentally inoculated with
a cytopathic strain of BVDV at 65 days of gestation
aborted between 7 and 65 days after inoculation.?!
The use of more virulent strains of BVDV for experi-
mental inoculation of pregnant small ruminants may

AJVR +Vol 82 « No. | * January 2021 67

Unauthenticated | Downloaded 01/27/23 11:15 AM UTC



result in more substantial pathological lesions and
dramatic alterations in PAG concentrations in mater-
nal and fetal circulations than those observed in the
present study.

The mean serum progesterone concentration for
the BVDV-inoculated ewes at 80 days of gestation was
numerically but not significantly lower than that for
the control ewes in the present study. Infection with
BVDV can lead to both oophoritis and fetal death with
subsequent release of prostaglandin F,, from the en-
dometrium, and often it is unclear which process has
the greatest effect on serum progesterone concentra-
tion.??23 Within the bovine ovary, there are several
cell types that are permissive to BVDV, such as cu-
mulus cells, ovarian stroma, and oocytes throughout
their development, but luteal cells appear to be in-
consistently affected.?*?> In nonpregnant BVDV-naive
heifers that were experimentally inoculated with a
noncytopathic strain of BVDV, serum progesterone
concentrations and luteal tissues appeared to be unaf-
fected by the virus in naturally cycling heifers; how-
ever, heifers that had undergone an estrus synchro-
nization program had decreased serum progesterone
concentrations during the early diestrus phase of
the reproductive cycle and premature luteolysis.??23
Embryonic loss, regardless of the cause, is associated
with a decrease in serum progesterone concentra-
tion owing to indirect luteolysis.2® Goat does experi-
mentally infected with BVDV at 65 days of gestation
developed evidence of oophoritis and luteolysis
and had decreasing serum progesterone concentra-
tions between 72 and 135 days of gestation.?! In that
study,?! 4 of 9 does aborted between 7 and 65 days
after BVDV inoculation (ie, between 72 and 130 days
of gestation), and it was speculated that luteolysis
was induced by either fetal death and the subsequent
release of prostaglandin F,, or direct BVDV-induced
damage to the luteal tissue. Progesterone is important
for the establishment and maintenance of pregnancy.
In pregnant ruminants, progesterone is produced by
the corpus luteum initially and then by the placenta
later in gestation.?” In sheep, the placenta is the pri-
mary source of progesterone production beginning
at approximately 50 days of gestation.?® Histologic ex-
amination of the placental specimens obtained from
the ewes of the present study indicated that placen-
titis was minimal at 15 days after BVDV inoculation,
which suggested that progesterone production was
also likely to be minimally affected in BVDV-inocu-
lated ewes. Ovariohysterectomy at 80 days of gesta-
tion precluded investigation of whether the BVDV-
induced damage to the placenta would have progressed
and eventually impaired progesterone production.

Results of a study? involving 31 pregnant ewes
indicate that the serum PAG concentration is biphasic,
peaking at 184 ng/mL at 63 days of gestation and then
decreasing to < 100 ng/mL by 125 days of gestation.
A decrease in jugular (maternal serum) PAG1 concen-
tration was observed between 65 and 80 days of ges-
tation for the ewes of the present study; however, the

magnitude of that decrease was significantly greater
for the BVDV-inoculated ewes than for the control
ewes. That finding suggested that the BVDV-inoculat-
ed ewes were undergoing trophoblastic injury, which
was supported by histologic evidence of inflamma-
tion in conjunction with the presence of BVDV anti-
gen within the trophoblastic epithelium and the fact
that the mean serum progesterone concentration for
the BVDV-inoculated ewes was numerically, albeit
not significantly, lower than that for the control ewes
at 80 days of gestation. The mean jugular PAG1 con-
centration did not differ significantly between the
BVDV-inoculated and control ewes of the present
study at 65 days of gestation prior to experimental in-
oculation; therefore, the expected decline over time
was not the sole reason for the significant difference
in jugular PAG1 concentration between the 2 groups
at 80 days of gestation. In another study,® a pattern of
decreasing serum PAG concentrations was described
for pregnant ewes fed 2 rations during gestation, with
ewes that underwent a noninfectious abortion having
a sharper decrease in serum PAG concentration than
ewes that carried fetuses to term. In cattle, decreases
in serum PAG concentrations have been associated
with embryonic loss owing to inadequate ovulatory
follicle size, N caninum infection, heat stress, high
milk production, and fetal death from other uniden-
tified causes.!’:39-32 Because all ewes of the present
study underwent ovariohysterectomy at 80 days of
gestation, it is unknown whether the jugular PAG1
concentration for the BVDV-inoculated ewes would
have continued to decline until abortion occurred or
rebounded once the fetus and placenta had cleared
the infection.

In the present study, there was a significant
strong positive correlation (r = 0.896) between
jugular and uterine vein PAG1 concentrations. As
expected, the uterine vein PAG1 concentration was
greater than the jugular PAG1 concentration owing
to dilution or decay of PAGs following entry into the
peripheral circulation. The fate of PAGs in the periph-
eral circulation is unknown. In cattle, the half-lives
of PAGs vary from 21.9 hours to 10 days depending
on the stage of gestation. It is unclear whether the
half-lives of PAGs change in response to alterations in
maternal physiology, during periods of fetal stress, or
at the time of fetal death. The estimated halflives of
PAGs ranged from 21.9 hours to 3.9 days for pregnant
cattle in which embryonic death was experimentally
induced at 30 to 38 days of gestation!!*3 and from 8 to
10 days for cattle immediately prior to parturition.34

Because PAGs are secretory products of fetal tro-
phoblasts, several functions have been proposed for
them. There is experimental evidence that PAGs have
immunomodulatory activity that provides some pro-
tection for the semiallograft placenta.® Results of in vi-
tro studies indicate that PAGI alters cell proliferation
in cultures of bovine bone marrow progenitor cells>®
and induces the release of chemokines in bovine en-
dometrial explants.3® Pregnancy-associated glycopro-

68 AJVR +Vol 82 « No. | * January 2021

Unauthenticated | Downloaded 01/27/23 11:15 AM UTC



teins bind uterine serpins (lymphocyte proliferation
inhibitors) in vitro, which may further augment their
immunomodulatory activity.” Accumulation of PAGs
in the uterine stroma allows trophoblastic products
to directly influence maternal immune cells. Addi-
tionally, PAGs have luteotrophic activity. When luteal
cells are treated with PAGs, there is an increase in the
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