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Equine abortions are attributed to both infectious and noninfectious causes. Clinical extrapolations are
often made from the experimental model for ascending placentitis towards other causes of fetal compro-
mise, including various markers of inflammation, including the cytokines IL-2, 5, IL-6, IL-10, IFNy, and
TNE. It is unknown if these cytokine changes are noted under field conditions, or if they increase pre-
ceding other pregnancy related complications. To assess this, Thoroughbred mares (n = 702) had weekly

Keywords: blood obtained beginning in December 2013 and continuing until parturition. Fetal membranes were sub-
Placentitis mitted to the UKVDL for complete gross and pathologic assessment and classified as either ascending pla-
Cytokine centitis (n = 6), focal mucoid placentitis (n = 6), idiopathic abortion (n = 6) or control (n = 20). Weekly
Biomé}fkef serum samples were analyzed via immunoassay for concentrations of IL-2, IL-5, IL-6, IL-10, IFNy, and TNE.
Qgg{;‘:n For both focal mucoid placentitis and ascending placentitis, an increase (P < .05) in the concentrations

of IL-2, IL-5, IL-6, IL-10, IFNy, and TNF was noted preceding parturition in comparison to controls. Cy-
tokine profiles preceding idiopathic abortion did not differ from controls. In conclusion, serum cytokines
may be considered potential biomarkers for the prediction of placental infection, while no changes in
cytokine profiles were noted when noninfectious causes of abortion occurred. Additionally, this is the
first study to report an increase in cytokines during the disease process of focal mucoid placentitis, the
etiology of which includes Nocardioform placentitis.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

In central Kentucky, placental infection is the leading cause of
abortion in the horse [1]. The detection of pathogens by the feto-
placental unit is broadly referred to as placentitis [2], and can
present in various pathologies, including ascending, hematogenous,
and idiopathic [3]. The experimental induction of ascending pla-
centitis has advanced our understandings of the pathophysiology
of this disease, in addition to providing prospective circulatory
biomarkers for disease prediction. Unfortunately, no experimental
model exists for the induction of focal mucoid placentitis [4] or
abortion caused by multiple noninfectious abnormalities, includ-
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ing umbilical torsion or premature placental separation. Therefore,
the majority of biomarker detection has been extrapolated from
the experimental induction of ascending placentitis towards other
pregnancy-related complications [2,5-11], although few have been
critically evaluated in spontaneous disease in clinical cases.
Currently, ascending placentitis is diagnosed based on clinical
alterations, including vaginal discharge, premature mammary gland
development and lactation, and an increase in placental thickness
at the caudal pole of the cervix as noted by transrectal ultrasonog-
raphy [12]. Similar clinical modalities are utilized to diagnose fo-
cal mucoid placentitis, the etiology of which includes Nocardio-
form placentitis. As the placental lesion indicative of Nocardioform
placentitis tends to occur at the ventral aspect of the body of the
uterus, clinical examination requires transabdominal ultrasonogra-
phy, and vaginal discharge is generally not observed [13]. Unfortu-
nately, physiologic changes such as lactation and vaginal discharge
are believed to occur late in the disease process, allowing for lim-
ited therapeutic intervention. Therefore, focus has shifted towards
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an understanding of the immune response to these infectious dis-
eases for use as biomarkers of subclinical disease.

It is now understood that the maternal immune response to
ascending placentitis is primarily pro-inflammatory, initiated by
the recognition of pathogens by toll-like receptors (TLR), leading
to an increase in chemotactic cytokines such as interleukin (IL)-
18 and IL-8, and eventual recruitment of various immune cell
types, including monocytes, neutrophils, and macrophages [2,14-
16]. In contrast, the feto-placental unit was found to respond
to this induction of disease in an anti-inflammatory and im-
munomodulatory manner, with an increase in the expression of
anti-inflammatory IL-10 and pleiotropic IL-6 within fetal tissues
and fluids [2]. The pleiotropic activity of IL-6 allows this cytokine
to function as both pro- and anti-inflammatory [17]. Recent work
from our laboratory found IL-6 to be functioning primarily as anti-
inflammatory during the disease process of a subacute ascend-
ing placentitis, activating the classical signaling pathway and lead-
ing to an activation of antiapoptotic and prosurvival markers [18].
However, these changes were noted primarily in tissues within the
fetoplacental unit, providing limited insight into the value of po-
tential biomarkers in maternal blood.

Consequently, considerable work has gone into utilizing the im-
mune response to ascending placentitis to improve the early de-
tection of pregnancy-related complications, with a focus on nonin-
vasive sampling procedures to avoid the risk of iatrogenic abortion.
Circulatory alterations among immune mediators have included an
increase in positive acute phase proteins such as serum amyloid A
(SAA) and haptoglobin [7], in addition to various pro-inflammatory
(IL-2, IFNy), pleiotropic (IL-6, TNF), and anti-inflammatory cy-
tokines (IL-5, IL-10) [18,19]. An increase in circulating serum pro-
inflammatory cytokines is believed to activate the effector func-
tions of the adaptive immune response, while impeding on the
regulatory aspect of the immune system [19], potentially leading to
the rejection of the semi-allogeneic fetoplacental unit. In contrast,
the increase in anti-inflammatory or immunomodulatory cytokines
may impede these signals, and allow for the pregnancy to carry to
term.

While the experimental model for ascending placentitis offers
considerable inferences into the pathophysiology of the specific
disease, the etiology of focal mucoid placentitis and noninfectious
pregnancy-related complications are poorly understood, and ex-
trapolations made from the experimental induction of an ascend-
ing infection need to be evaluated critically under clinical condi-
tions. Therefore, interpretation of naturally occurring chronic dis-
ease noted in the field requires assessment utilizing clinical modal-
ities. The objectives of this study were to (1) assess cytokine con-
centrations in a naturally occurring disease process, and (2) com-
pare cytokine alterations following various pregnancy-related com-
plications.

2. Materials and Methods
2.1. Study Design

The study was performed as a prospective enrollment of ran-
dom mares before the retrospective analysis on the selected
mares at the week prior to parturition/abortion (0-7 days prior
to parturition/abortion) in addition to weekly, at —1 (8-14 days
prior to parturition/abortion), —2 (15-21 days prior to parturi-
tion/abortion), —3 (22-28 days prior to parturition/abortion), and
—4 weeks (29-35 days prior to parturition/abortion). Mares were
placed into designated groups following postpartum evaluation of
fetal membranes and before analysis of serum cytokines to ensure
unbiased interpretation of cytokine results. As all ascending and
focal mucoid placentitis mares delivered a viable neonate at term,
time points are shown as weeks prior to parturition, with data
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from control mares also shown as weeks prior to parturition. The
idiopathic abortion group underwent abortion prior to full term
gestational length, and samples for this group were compared to
control mares at a similar gestational length that were not imme-
diately prepartum. Mares in the control group were selected based
on specific criteria including last breeding date, age, and farm of
residence, and confirmed as having no disease upon postpartum
diagnosis. All groups were chosen based upon postpartum diagno-
sis with ascending placentitis, focal mucoid placentitis, idiopathic
abortion, or no disease before concentrations of IL-2, IL-5, IL-6, IL-
10, IFNy, and TNF were detected at the specific sampling points.
For the group of idiopathic abortion, mares with no disease were
matched at comparable gestational lengths to the sampling prior
to abortion in the diseased mare category.

2.2. Animal Enrollment

2.2.1. Blood Samples

All animal procedures were completed in accordance with the
Institutional Animal Care and Use Committee (IACUC) of the Uni-
versity of Kentucky under the guidelines of the approved protocol
#2013-1190. Horses (Equus caballus) used in this study were Thor-
oughbred mares (n = 702; 4-22 years of age) housed on 15 pri-
vate farms located in central Kentucky, USA and samples were ob-
tained with owner permission. Mares were bred via live cover dur-
ing the natural Northern Hemisphere breeding season to various
stallions. Beginning in December 2013, blood was obtained weekly
via jugular venipuncture utilizing a vacutainer tube (10 mL; Mono-
ject; VWR, USA) for serum extraction, and sampling continued un-
til either abortion or parturition occurred. Samples were trans-
ported back to the laboratory at ambient temperature and then
centrifuged at 1,800xg for 15 minutes. Serum was aliquoted and
stored at —20°C until time of analysis.

2.2.2. Postpartum Evaluation of Placenta

Upon parturition or abortion, fetal membranes from the af-
fected mare were submitted to the University of Kentucky Vet-
erinary Diagnostic Lab (UKVDL) within 6 hours postpartum for
histopathology and disease diagnosis. Additionally, fetal mem-
branes from control mares were enrolled based on farm residence,
age, and parturition date, and evaluated by the same laboratory
to confirm the lack of disease. Full term pregnancy was consid-
ered a gestational length greater than 320 days, while abortion
and/or preterm parturition was considered as gestational length
less than 319 days. Placental membranes were assessed as pre-
viously described by Hong et al. [1], in addition to fetal tissues
if abortion occurred. In brief, before gross examination was per-
formed, chorioallantois and amnion were weighed, and the diame-
ter of gross lesions recorded. Sections were obtained from grossly
detected lesions, in addition to the body, gravid horn, and non-
gravid horn of the chorioallantois as well as amnion. If abortion
occurred, sections were obtained from fetal liver, lung, heart, brain,
and spleen, in addition to umbilicus. Samples of chorioallantois
were cultured for bacteria and fungi as previously described [20].
All sections were stained with hematoxylin and eosin, and spe-
cial stains were applied when needed, including Brown and Brenn
Gram stain and/or Brown and Hopps Gram stain for the deter-
mination of gram positive vs. gram negative bacteria, Gomori’s
methanamine silver stain for detection of fungi, and Warthin-
Starry stain for detection of spirochetes). Direct fluorescent anti-
body tests were conducted on tissue for Leptospira spp., equine ar-
teritis virus, and equine herpesvirus, while blood and fetal fluids
were collected and titrated for antibodies against Leptospira spp. by
the microagglutination tests. Additionally, bacterial culture isolates
were assessed via polymerase chain reaction (PCR) as described by
Erol et al. [13]. In brief, DNA was isolated from surface swabs taken
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Table 1
Clinical variables.
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Clinical Variable Control Ascending Placentitis  Focal Mucoid Placentitis  Idiopathic Abortion
Age 10.3 £+ 0.8° 13.0 £+ 1.5° 10.2 + 1.74% 11.2 +£ 1.4°
Gestational Length 3479 £ 2.7°  338.6 £5.9° 344.0 + 4.9° 291.0 £ 16.1°
Viable Neonate 20/20° 6/6% 6/6% 0/6°
Treatment  Antimicrobials 0/20° 0/6° 1/6% 1/6%
Anti-inflammatories 0/20° 0/6? 1/62 0/6?
Altrenogest 6/20 2/6 1/6 4/6

ab jndicates P < 0.05.

from the chorioallantois and bacterial culture isolates utilizing the
MagNAPure Compact System (Roche Applied Science, Indianapolis,
IN, USA) following manufacturer’s instructions. PCR reactions were
used to detect common nocardioform actinomycetes Amycolatopsis
spp. and Crossiella equi. Clinical data, including previous pregnancy
history, detection of gestational abnormalities, treatments/vaccines
administered during pregnancy and foaling information were col-
lected for each mare.

2.3. Cytokines

Cytokines concentrations of IL-2, IL-5, IL-6, IL-10, TNF, and IFNy
were analyzed in serum using an equine-specific multiple sand-
wich immunoassay based on flowmetric MILLIPLEX MAP technol-
ogy (MILLIPORESIGMA; Burlington MA, USA) in accord with the
workflow previously published [21]. Samples of serum were mea-
sured undiluted and standards were prepared with the serum ma-
trix added to all standards and quality controls, following the
guidelines of the manufacturer. The means of intra-and inter-assay
coefficients of variation were 2.7% and 3.7%, respectively. The mini-
mum detection level was defined as the signal-to-noise-ratio (limit
of detection) divided by the square root of 2 (IL-5: 7.9 pg/mL; IL-6:
2.6 pg/mL; IL-2: 4 pg/mL; IFNy: 189 pg/mL; IL-10: 34 pg/mL; TNF:
2.0 pg/mL) [22].

2.4. Statistics

Concentrations of weekly serum cytokines were analyzed using
SAS 9.4. All data were assessed for normality utilizing a Bartlett’s
test and a Modified Levene’s test for equal variances. Weekly data
were analyzed using a Repeated Measures Analysis of Variance
(ANOVA). Group means for clinical data were analyzed utilizing an
independent group T-test to make comparisons. Significance was
set to P < .05 and trends at P < .1. Data are presented as the mean
+ the standard error of the mean.

3. Results
3.1. Clinical Data

Placentas obtained from six mares were identified as having
infection/inflammation at the cervical pole of the placenta based
on gross and histopathology reports (n = 6; ascending placenti-
tis). Bacterial culture samples obtained from three placentae within
this ascending placentitis group were positive for Streptococcus equi
ssp. zooepidemicus, while an additional two placentae cultured pos-
itive for nonpathogenic bacteria. Placentas obtained from six mares
were identified with focal mucoid lesions within the body or horns
of the placenta (n = 6; focal mucoid placentitis). Two of the pla-
centae within the focal mucoid placentitis group were PCR posi-
tive for the common nocardioform actinobacteria Amycolatopsis ssp,
while the other four had no bacteria detected. Finally, placenta
from six mares had undetermined etiology alongside poor neonatal
outcome (either abortion or term stillborn/n = 6; idiopathic abor-
tion). Of the six idiopathic abortion mares, one was diagnosed as
an umbilical cord torsion, while the remainder had undetermined

etiology. Placentas from an additional twenty (n = 20; control)
mares had no disease noted on gross appearance and histopathol-
ogy, and culture and PCR were negative for bacterial isolates. No
difference was noted in mare age when comparing focal mucoid
placentitis, ascending placentitis, or idiopathic abortion (10.16 +
1.74 years, 13 + 1.5 years, 11.2 &+ 1.4 years; respectively) to control
(10.3 &+ 0.8; P = .40; Table 1). All control mares carried to term
(3479 + 2.7 days) and produced a viable foal. All mares with as-
cending placentitis (6/6) and focal mucoid placentitis (6/6) mares
carried to term (within the normal range of gestational length for
Thoroughbred mares) [23], and gestational length was not differ-
ent from that of controls (338.6 + 5.9 days and 344 + 4.9 days,
respectively vs. 347.94 2.7 days for controls). In contrast, mares di-
agnosed with idiopathic abortion had a significantly decreased ges-
tational length in comparison to the control group in addition to
the two placentitis groups (291 + 16.1 days; P < .05) and had poor
fetal outcome, with none of the neonates surviving (0/6). A sub-
set of mares in each group were treated with various therapeutics,
including antimicrobials, anti-inflammatories, and synthetic pro-
gestins, but treatment had no effect on the concentrations of IL-
2 (P =.78), IL-5 (P = .32), IL-6 (P = .4), IL-10 (P = .75), IFNy
(P = .37), or TNF (P = .27; Table 1).

3.2. Ascending Placentitis

Gestational age had no effect on the concentrations of cytokines
evaluated. An overall increase in serum concentrations of IL-2 (P <
.01), IL-5 (P < .01), IL-6 (P < .01), IL-10 (P < .01), IFNy (P < .01),
and TNF (P < .01) was noted in the ascending placentitis group
compared to controls (Fig. 1). When assessing individual weeks
IL-6 and IL-10 were found to be significantly elevated at all time
points in mares with ascending placentitis in comparison to the
control group (P < .01). When assessing IL-2, concentrations of this
cytokine were significantly increased in mares with ascending pla-
centitis compared to controls (P < .05) at all time points except
at 2 weeks prior to parturition. When assessing concentrations of
TNF in mares with ascending placentitis, a significant increase was
noted at 4, 3, and 1 weeks prior to parturition (P < .05), with a
trend towards a significant increase at 2 weeks prior to parturi-
tion (P < .1) compared to the control group. Fewer sampling time
points were found to be significantly elevated when assessing IL-
5 and IFNy, although a similar profile was noted for both, with
an elevated concentration of the respective cytokines noted at 2
weeks prior to parturition in the ascending placentitis group in
comparison to controls (P < .05). While this was the only time
point found to be significantly increased in mares with ascending
placentitis in regard to IL-5, IFNy was determined to be elevated
at 4 weeks prior to parturition as well.

3.3. Focal Mucoid Placentitis

An overall increase in concentrations of serum IL-2 (P < .01), IL-
5 (P < .01), IL-6 (P < .01), IL-10 (P < .01), IFNy (P < .01), and TNF
(P < .01) was noted during the disease of focal mucoid placentitis
(Fig. 2). When assessing individual weeks, IL-5 and TNF concentra-
tions were elevated in mares with focal mucoid placentitis com-
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Fig. 1. Cytokine profile noted during ascending placentitis. Concentrations of IL-2, IL-5, IL-6, IL-10, IFNy, and TNF were evaluated in mares with ascending placentitis (n = 6)
compared to gestationally age-matched control mares (n = 20) at —4, —3, —2, and —1 weeks in addition to the week of parturition. All cytokines increased during the
disease of ascending placentitis in comparison to controls. Data shown represent the mean =+ the standard error of the mean (SEM). Asterisks (*) above data points indicates
differences (P < .05), while pound sign (#) above the data points indicate differences (P < .10) within week in cytokine concentrations between the diseased and control

groups. GL = gestational length.

pared to controls at all time points (P < .05). IL-10 concentrations
were significantly elevated at all times points except 4 weeks prior
to parturition in the focal mucoid placentitis group in compari-
son to controls (P < .05), but only a trend toward significance was
noted at 4 weeks prior to parturition. Similarly, concentrations of
IFNy were significantly elevated at all time points (P < .05) prior
to parturition, with a trend toward a significant increase observed
at 1 week prior to parturiton when comparing focal mucoid pla-
centitis and the control group (P < .1). Concentration of IL-6 was
found to be significantly elevated in the focal mucoid placentitis
group compared to controls at 4 and 3 weeks prior to parturition
(P < .05), in addition to the week prior to parturition (P < .05),
and a trend towards a significant increase was noted at 2 weeks
prior to parturition (P < .1).

3.4. Idiopathic Abortion

Serum concentrations of the cytokines IL-2 (P = .49), IL-5
(P = .33), IL-6 (P = .36), IL-10 (P = .34), IFNy (P = .77), or TNF

(P = .43) obtained from mares experiencing idiopathic abortion
were not different from controls at all time points assessed (Fig. 3).

4. Discussion

To our knowledge, this is the first study to report changes in
the serum cytokine profile of mares experiencing naturally oc-
curring pregnancy-related complications. While mares that expe-
rienced either ascending placentitis or focal mucoid placentitis ex-
perienced an increase in cytokine concentrations, no changes were
noted preceding idiopathic abortion. These observed changes in af-
fected mares included an increase in serum concentrations of IL-2,
IL-5, IL-6, IL-10, IFNy, and TNF. The changes mimic what previ-
ously has been described during experimentally induced ascending
placentitis, but with no validated existing experimental model for
focal mucoid placentitis (the etiology of which includes Nocardio-
form placentitis), these immune-mediated alterations provide in-
sight into the pathophysiology of this elusive disease. This indi-
cates that the disease of Nocardioform placentitis can be detected
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Fig. 2. Cytokine profile noted during focal mucoid placentitis. Concentrations of IL-2, IL-5, IL-6, IL-10, IFNy, and TNF were evaluated in mares with focal mucoid placentitis
(n = 6) compared to gestationally age-matched control mares (n = 20) at —4, —3, —2, and —1 weeks in addition to the week of parturition. All cytokines increased during
the disease of focal mucoid placentitis in comparison to controls. Data shown represent the mean =+ the standard error of the mean (SEM). Asterisks (*) above data points
indicates differences (P < .05), while pound sign (#) above the data points indicate differences (P < .10) within week in cytokine concentrations between the diseased and

control groups. GL = gestational length.

systemically, and therapeutic interference may be achieved prior to
abortion or parturition of the dysmature neonate.

The immune system of pregnant females exists in a delicate
balance between protection and recognition, as it must both tol-
erate the semiallogeneic fetus while still defending the body from
pathogens. This is governed by both cell-mediated and humoral re-
sponses within the immune system, and the maturation and func-
tionality of these cell-mediated responses is governed by various
signaling pathways in which cytokines are key factors. Therefore,
cytokines are often utilized as biomarkers due to their ability to
be sensitive responders and indicators of both fetoplacental health
as well as inflammation and infection [24,25]. While the cytokine
profile in healthy mares during late gestation did not appear to
change with time, both ascending placentitis and focal mucoid pla-
centitis were associated with an elevated cytokine response. Sim-
ilar changes have been noted during placental infection in other
species, including the human [24-37]. Although considerable dif-
ferences exist between species in both anatomy and physiology
of the placenta, intra-amniotic infection (IAl; chorioamnionitis) in

women is similar to that of ascending placentitis in horses. IAl
begins with an ascending invasion of bacteria through the cer-
vical canal, allowing for pathogens to colonize within the feto-
maternal interface. This has been associated with an increase in
various cytokines, including amniotic IL-6, IL-8 and IL-10 [28,38],
cervical fluid IL-6, IL-8, IL-17, and IL-18 [39-41] and serum IL-6
[42,43]. The cytokine response to placental infection was recently
investigated in the horse utilizing an experimental model to in-
duce ascending placentitis, where an increase in serum concen-
trations of pro-inflammatory IL-2 and IFNy, anti-inflammatory IL-
5 and IL-10, in addition to pleiotropic IL-6 and TNF was noted
[18,19]. Potent cell-signaling molecules, these cytokines are asso-
ciated with both a rapid and transient innate immune response
to the detection of pathogens, in addition to being involved in
the maturation of various lymphocyte populations associated with
the adaptive immune-mediated tolerance of the fetus [6,32,44,45].
While an activation of both arms of the immune system (innate
and adaptive) is essential for detection, degradation, and clearance
of pathogens, a persistent and overwhelmed proinflammatory re-
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Fig. 3. Cytokine profile noted during idiopathic abortion. Concentrations of IL-2, IL-5, IL-6, IL-10, IFNy, and TNF were evaluated in mares with idiopathic abortion (n = 6)
compared to gestationally age-matched control mares (n = 20) at —4, —3, —2, and —1 weeks in addition to the week of parturition. None of the cytokines altered during
idiopathic abortions in comparison to controls. Data shown represent the mean + the standard error of the mean (SEM). Asterisks (*) above data points indicates differences
(P < .05), while pound sign (#) above the data points indicate differences (P < .10) within week in cytokine concentrations between the diseased and control groups.

GL = gestational length.

sponse has been shown to precede various pregnancy related com-
plications in other species, including preterm labor, premature rup-
ture of membranes, and fetal inflammatory syndrome [46-52]. As
none of the pregnancies within the two placentitis groups resulted
in abortion, it is unknown if the cytokines were elevated due to
abortion signals, or in the anti-inflammatory antenatal response
that has been described in the past to be necessary for pregnancy
to carry to term [2,46,48,51,53]. Future research is required to ex-
pand on exact role of these mediators of inflammation in equine
abortion.

In the present study, an increase in the pro-inflammatory cy-
tokines IL-2 and IFNy was observed in mares with both focal mu-
coid and ascending placentitis. In contrast, no changes in serum
IL-2 and IFNy were observed preceding idiopathic abortion. Both
considered pro-inflammatory and pyrogenic signaling molecules,
these Thl-related cytokines are initial responders to the detection
of intracellular pathogens, in addition to being critical for recruit-
ment of the immune cells required for the degradation of cel-
lular adhesions between tissues, including the placenta. Elevated

concentrations of IL-2 and IFNy in serum have been noted dur-
ing placental infection in humans [54], in addition to the exper-
imental induction of ascending placentitis in the horse [19]. An
elevation of these cytokines has also been found in sera of hu-
mans and mice following infection with a variety of the com-
mon pathogens responsible for ascending placentitis (Streptococcus
[55] and E.coli [56,57], in addition to focal mucoid placentitis (Acti-
nobacteria; [58,59]). Therefore, the cytokine increase noted during
equine placental infection, regardless of etiology, is not surprising.
Interestingly, no elevation of these pro-inflammatory cytokines was
noted preceding noninfectious abortion. As an activation of the Th1
response is perceived to be critical for the initiation of parturi-
tion in various species, it is intriguing that no alterations of either
Th1-related cytokine was noted preceding abortion. This may be
due to the rapid onset of abortion disallowing for the activation
of this Th1 response. Additionally, it is unknown if this prepartum
Th1 signaling occurs in the horse, and may be initiated only hours
prior to parturition, and therefore weekly sampling may be too in-
frequent to detect this elevation.
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Naturally occurring ascending and focal mucoid placentitis also
led to an increase in the pleiotropic cytokines IL-6 and TNF. These
cytokines are able to activate both pro- and anti-inflammatory
pathways, the functionality of which is dependent on the cell sur-
face receptors through which they bind [60-62]. Although both
IL-6 and TNF increase in women experiencing chorioamnionitis
and preterm rupture of membranes, IL-6 is considered to be the
most sensitive and specific predictor of IAI and has been evalu-
ated in a variety of fluids including amniotic [38], vaginal [63],
and cervical [64], in addition to within circulating plasma/serum
in humans [65]. Following the experimental induction of equine
ascending placentitis, IL-6 was found to increase in both amniotic
and allantoic fluid [2,18], fetoplacental tissues [2,14], and mater-
nal tissues [15,16], in addition to systemically in serum [18,19].
Additionally, recent research described IL-6 to be functioning as
anti-inflammatory during the process of a subacute ascending pla-
centitis in mares, activating the classical signaling pathway to
act as antiapoptotic, prosurvival, and potentially impeding proin-
flammatory abortion signals [18]. Therefore, the observed increase
in IL-6 concentrations during spontaneous placentitis is not alto-
gether surprising. In contrast, less is known regarding the expres-
sion, secretion, and function of TNF in the pathogenesis of placen-
tal infection in the horse. In human pregnancies, TNF has been
found to increase in amniotic fluid [66] as well as systemically
in serum/plasma in patients experiencing chorioamnionitis [54].
While expression and secretion of TNF has been investigated in
equine placentitis, results are conflicting. One report found no al-
terations in TNF expression following the experimental induction
of an acute ascending placentitis [14], while a second study de-
termined TNF to be a key regulator of varying downstream path-
ways which govern the maternal response to this disease [15]. Data
from our laboratory suggests that TNF concentrations increase in
circulation following the experimental induction of a sub-acute as-
cending placentitis (unpublished data), but it is unclear if this in-
crease in cytokine production activates the TNF receptor (TNFR)-1
or TNFR-2 to function as pro- or anti-inflammatory. Additionally,
the pleiotropic nature of these cytokines may differ if the chronic-
ity of disease altered, or if the pregnancy produced a nonviable
neonate, which could not be investigated under the confines of this
study.

In addition to the increase in both pro- and pleiotropic cy-
tokines, an increase in the concentrations of anti-inflammatory IL-
5 and IL-10 was also noted during spontaneous ascending and fo-
cal mucoid placentitis. Integral to the maturation of Th2 cells, pla-
cental IL-5 expression has been found to increase in mid to late
equine gestation, with the anti-inflammatory effector functions of
Th2 cells believed to dictate uterine quiescence to allow for fetal
growth and development [67,68]. Similarly, IL-10 is vital for the
heightened Treg response noted during late gestation that allows
for immunotolerance and acceptance of the semi-allogeneic fetus
[67,68]. While an increase in amniotic fluid IL-10 has been asso-
ciated with chorioamnionitis in humans [35,38,66], a decrease in
serum IL-10 concentrations has been correlated with preterm birth
[69] and pregnancy-related complications [70], indicating that the
IL-10 profile may be associated with neonatal outcome. Few have
reported an increase in IL-5 during pregnancy-related complica-
tions, and IL-5 was not found to increase during chorioamnionitis
in women [38], although one study found elevated IL-5 as predica-
tive of preterm birth [71]. IL-5 is poorly understood in the patho-
physiology of placental infection in horses, although an increase in
Th2-related transcripts and their secretory cytokines has been de-
scribed [19]. An increase in anti-inflammatory and pleiotropic cy-
tokines is hypothesized to be in part due to an active fetal im-
mune response to pathogens, and may explain the heightened IL-
5, IL-6, IL-10, and TNF response seen in the present study [72,73].
These anti-inflammatory markers have been described to promote
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successful cellular interactions at the feto-maternal interface, and
indicate the immune-mediated cross-talk between mare and fetus
[29,74]. Additionally, an activation of anti-inflammatory and/or im-
munomodulatory cytokines is needed to suppress the proinflam-
matory response noted following pathogen recognition, and may
explain the viability of the neonates produced within the present
study. It is unknown if the profile of these cytokines would change
preceding abortion.

Limitations of this study include the retrospective analysis of
the month preceding parturition, thereby limiting both the time
to intervention, as well as prohibiting the prospective prediction
of disease. It should be noted that although a considerable num-
ber of abortions occur prior to 300 days of gestation, epidemiolog-
ical studies have indicated that the majority of abortions in Cen-
tral Kentucky occur >300 days gestation [1,20]. Therefore, alter-
ations noted in within the final month of gestation may be clin-
ically relevant and allow for peremptory therapeutic intervention.
Conclusions from this study are also limited in that the majority of
mares delivered a viable term neonate, restricting extrapolations
into changes noted prior to abortion. Other restraints of this study
include the small sample sizes acquired in order for appropriate
comparisons between diseased and control mares. Although the
differences noted amongst smaller sample sizes are reliable, when
assessing decreased sample size, lower power is inferred. There-
fore, the risk of a statistical type II error increases, and the lack of
significant findings should be interpreted carefully. Future research
is required to assess the endpoints that were identified within this
study and should be done so with increased sample size in order
to consider differences between term pregnancies associated with
placental disease in comparison to abortions caused by placental
disease.

In conclusion, an active immune response occurs during natu-
rally occurring placental infection in the horse. This was noted in
both the ascending and focal mucoid placentitis groups, although
no changes were noted in the idiopathic abortion group - indi-
cating that the cytokine response may be due to infection noted,
and not indicative of impending abortion. Spontaneous ascending
placentitis was found to mimic that of the experimental induction
of a sub-acute ascending placentitis in the research setting, lead-
ing to an increase in serum IL-2, IL-5, IL-6, IL-10, TNF, and IFNy.
This is also the first report to demonstrate that clinical focal mu-
coid placentitis responds similarly to that of ascending placenti-
tis, and results in an increase in IL-2, IL-5, IL-6, IL-10, TNF, and
IFNy. No systemic alterations were noted in the observed markers
preceding idiopathic abortion, suggesting an acute nature of these
pathologies, and the unpredictability of their occurrence concern-
ing cytokine response. Future research is required to determine the
efficacy of these markers in predicting pregnancy-related compli-
cations in the field, in addition to assessing their association with
acute disease preceding abortion.
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