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Abstract

Endometrial mRNA expression of the pro-inflammatory cytokines interleukin-1f (IL-1f), interleukin-6 (IL-6), and tumor
necrosis factor alpha (TNF-o) was assessed in mares resistant (RM) or susceptible (SM) to persistent post-breeding
endometritis (PPBE). Eight RM and eight SM, were selected based on reproductive records and functional tests out of a
herd of 2000 light cross-type mares. Three experiments were done to study transcription patterns in (i) basal conditions; (ii)
after artificial insemination (Al); and (iii) after administration of an immunomodulator at time of artificial insemination.
Endometrial biopsies were taken during consecutive cycles: (i) at estrus, when follicles reached 35 mm and at diestrus (7 & 1
days after ovulation); (ii) at 24 h post-Al, with dead semen (estrus) and in diestrus; (iii) at 24 h after treatment with a
Mycobacterium phlei cell-wall extract (MCWE) preparation and Al (with dead semen), and at diestrus. mRNA expression was
quantitated by real time PCR. Under basal conditions, SM had significantly higher mRNA expression of all cytokines in estrus
and of IL-1f and TNF-a in diestrus, compared to RM. After Al, there were no differences between RM and SM in estrus;
however, mRNA expression for all three pro-inflammatory cytokines was higher than under basal conditions. In diestrus, RM
showed significantly lower IL-1B and TNF-o. mRNA expression than SM. When MCWE was administered at time of Al, no
differences between cytokine induction from RM and SM were found. Globally, mRNA expression for all three cytokines
correlated well among themselves when expression was high. The present study showed that (i) in basal conditions RM had lower
mRNA expression of pro-inflammatory cytokines than SM with no effect of estrous cycle; (ii) Al upregulated mRNA expression
for all three cytokines in both RM and SM, with persistance in diestrus in the latter; (iii) treatment with MCWE at time of Al down-
regulated mRNA expression of IL-1 with significant effects in SM which behaved like RM. Immunomodulation with MCWE
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could be of help in restoring homeostatic local inflammatory mechanisms, thus assisting in the prophylaxis of post-breeding

endometritis in mares.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Endometritis is a major cause of infertility in mares
and thus has a serious economic impact on the horse
breeding industry (Troedsson, 1997; Watson, 2000).
Equine endometritis has various possible outcomes:
(a) acute endometritis appearing after breeding or
associated with venereal infection; (b) chronic infec-
tious endometritis; (c) persistent post-breeding endo-
metritis (PPBE); and (d) endometriosis (chronic
degenerative endometritis) (Troedsson, 1997; Watson,
2000). While acute uterine infections recover either
spontaneously or with appropriate local antimicrobial
treatments, PPBE results in accumulation of inflam-
matory fluid within the uterine lumen and is difficult to
treat (Troedsson, 1995). The reasons for why mares
behave either as ‘“‘susceptible”” (SM) or “resistant”
(RM) to PPBE are unknown and thus a matter of active
research.

After natural mating or artificial insemination (Al),
there is a physiological transient endometritis (Wat-
son, 2000) triggered both by spermatozoa (Kotilainen
et al., 1994) and by contaminant microorganisms in
semen (reviewed by Troedsson et al., 2001). This
transient inflammatory response should be cleared
within 5 days (i.e. the time spent by the ovocytes in
the Fallopian tubes before reaching the uterus) to
provide a safe milieu for embryo implantation. SM
characteristically fail in doing so, thus developing
PPBE. In addition, inflammation by-products have
been shown to be harmful for spermatozoa and affect
their motility (Alghamdi et al., 2001). Therefore,
mare’s fertility critically depends on the time taken
to resolve this inflammation/infection (Katila, 1995;
Watson, 2000; Troedsson, 1997).

Given the relevance of innate defense mechanisms
in the development and persistence of endometritis,
the effects of immunomodulators on the prevention
and treatment of this condition have been evaluated.
In a preliminary study, a Mycobacterium phlei cell-
wall extract (MCWE) was administered, together with

Al, to both RM and SM, and compared with Al alone
as a control in a previous cycle; at 24 h post-Al alone
both untreated RM and SM exhibited a massive
polymorphonuclear infiltration of endometrium,
which significantly decreased by diestrus only in
RM. However, when SM mares received MCWE,
there was a significant decrease in neutrophil numbers
to similar values of RM (Fumuso et al., 2000). As
PMN:ss are hallmarks of acute inflammation, this could
indicate a beneficial effect of that treatment. However,
the mechanisms controlling the reduction in PMN
infiltration have not been investigated.

Cytokines are intercellular signaling proteins
released by both immune and non-immune cells.
Interleukin-1 (IL-1P), interleukin-6 (IL-6), and
tumor necrosis factor alpha (TNF-o), known as pro-
inflammatory cytokines (PIC), modulate the acute
phase response that involves potent systemic and local
effects. In humans, reproductive processes including
ovulation, implantation, cervical ripening and dilation
at term are inflammatory in nature, and have been
connected with the activity of these cytokines. Pro-
inflammatory cytokines are produced in the uterus by
leukocytes and endometrial cells (Barafiao, 1997;
Wade, 1995). Macrophages from mouse and human
endometrium express mRNA for IL-1 during the late
secretory phase of the menstrual cycle (Takacs et al.,
1988; Kauma et al., 1990). IL-1p and IL-1 type 1
receptor have been both detected in human glandular
and stromal cells (Simon et al., 1994) and TNF-a
mRNA and its protein have also been detected in
endometrium (Hunt et al., 1992). IL-1 and TNF-a
act on endometrial stromal cell to stimulate the synth-
esis of IL-6 in vitro (Semer et al., 1991). Although
these cytokines have been studied in various condi-
tions affecting human and animal reproduction
(Cadario et al., 2002), there are no reports relating
them to susceptibility or resistance to endometritis in
mares.

The objectives of the present work were to com-
pare IL-1PB, IL-6 and TNF-oo mRNA expression in
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endometrial biopsy samples obtained from both SM
and RM and to evaluate the effects of estrous cycle,
artificial insemination and the use of an immunomo-
dulator on the expression of these pro-inflammatory
cytokines.

2. Materials and methods
2.1. Selection of mares entering this study

Animals were selected from a herd of 2000 light
Criollo cross-type mares aged between 6 and 16 years.
From these, 161 non-pregnant mares were pre-
selected considering good body and vulvar scores
(Losinno et al., 1997), and their reproductive records
of the two previous breeding seasons. Mares with
normal uterine cytology, negative results on culture
for bacteria and fungi, and a grade 1 or 2A uterine
biopsy according to a previously established scoring
system (Kenney and Doig, 1986) were tentatively
classified as RM. In brief, the score is I: no pathologic
changes; IIA: slight to moderate inflammatory, fibro-
tic, lymphatic or atrophic changes; IIB: widespread
inflammatory and fibrotic changes, more intense than
in ITA; III: widespread diffuse severe inflammatory
changes, widespread fibrosis of glands, extensive
lymphatic lacunae (Fig. 1).

Mares were evaluated for ultrasonographic evi-
dence of intra-uterine fluid, endometrial cytology
and culture results 72 h after intra-uterine inoculation
with 10° CFU of Streptococcus zooepidemicus.
Finally, the ability of the mares to become pregnant

Step 1 Step 2 Step 3 Step 4 Mares
January February February March-April Selected
N=2000 N=161 N=51 N=51 for the

study

Streptococcus Pregnancy
sreproduction body score infection test N=16
history *vulvar score ~exfoliative
*endometrial cytology 8 SM
score ~culture
=culture 8 RM
exfoliative

cytology (Featured
in tablel)

after two cycles of breeding with fertile stallions was
assessed. Two groups of eight resistant and susceptible
mares each were constituted. A summary of the
pertinent traits exhibited by the mares that entered
the study, is given in Table 1. The mares were main-
tained on pasture throughout the experimental period,
which spanned from October to December (spring
season, southern hemisphere).

2.1.1. Streptococcus zooepidemicus inoculation

The outcome of the infection by infusion of bacteria
(S. zooepidemicus or Pseudomonas spp.) has been
used as a criterium to classify mares as either suscep-
tible or resistant to persistent or chronic endometritis
(Troedsson, 1997). The mares were bacteriologically
examined and found negative before this test thus
excluding chronic endometritis. Inoculation was per-
formed as described by Cadario et al. (1999) with
minor modifications. A strain of S. zooepidemicus
originally isolated from a mare with endometritis was
grown overnight in Brain Heart Infusion Broth
(Merck, Argentina) at 37 °C, washed twice in PBS,
brought to 1 x 10° ml~" and stored at —70 °C. Prior
to inoculation, the culture was thawed and diluted in
PBS to obtain a final concentration 5 x 10® CFU
ml ", Fifty milliliter of this suspension was adminis-
tered into the uterus through a plastic pipette when
mares were in estrus. Clearance of S. zooepidemicus
was evaluated at 72 h post-inoculation by (i) ultra-
sonographic detection of fluid within uterus; (ii)
endometrial culture for bacteria; and (iii) endometrial
cytology. The results of these tests are given in
Table 1.

Fig. 1. Flow chart depicting the steps and tests used for selecting the mares entering this study.
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Table 1

Summary of selected individual traits of the mares entering the trial

Mare’s Age Reproductive Body Vulvar Endometrial Exfoliative Culture Uterine Pregnancy
number (years)  history® score®  score” score’ cytology! result® fluid" test®

Resistant mares

60 4 Good 4 4 2A — - 0 +
345 9 Bad 4 3 2A — — 1 +
421 11 Good 4 3 2A — - 1 +
423 9 Good 4 3 1 — — 1 +
773 8 Good 4 3 2A — - 0 +
782 10 Good 4 4 2A — - 0 +
801 9 Good 4 3 2A — - 1 +
1417 4 Good 3 3 2A - - 0 +
Susceptible mares

452 10 Bad 4 4 2B + + 1 _

562 12 Bad 3 3 3 - + 1 _

928 11 Bad 4 3 2A - + 1 —
1006 5 Bad 3 3 2B —+ + 1 _
1015 11 Bad 4 3 2A + + 2 —
1043 5 Bad 3 3 2A + + 4 -
1114 8 Bad 4 3 2A + + 1 -
1440 11 Bad 3 3 2B + - 2 -

The results marked as (d, e, f) were obtained after experimental inoculation test with Streptococcus zooepidemicus.

# Reproductive history refers to the condition found in mares during the 2 years before entering the trial, i.e. “good” if pregnancy or
“without endometritis’ status had been observed, or ‘““bad” if not.

" Body and vulvar scores according to Losinno et al. (1997).

¢ Endometrial score is indicated according to the scale of Kenney and Doig (1986). I: no pathologic changes; IIA: slight to moderate
inflammatory, fibrotic, lymphatic or atrophic changes; IIB: widespread inflammatory and fibrotic changes more intense than in ITA; III:
widespread diffuse severe inflammatory changes, widespread fibrosis of glands, extensive lymphatic lacunae.

4 Exfoliative cytology: (+) and (—) indicates >12 or <12 polymorphonuclear neutrophil leukocytes per microscopic field at 400x,
respectively.

¢ Culture results were given as (—) when no bacteria/yeast grew after culturing the endometrial swab content.

T Presence of fluid was ultrasonographycally registered and scored as described by McKinnon et al. (1988).

€ Pregnancy column test result before entering the trial after two cycles with fertile stallions: (4+) means pregnant and (—) non-
pregnant.

2.1.2. Bacteriology This corresponded to 1-2 or 3-4°, respectively,
Uterine cervical samples were taken with guarded according to Vasquez-Lopez et al. (2000).

Culturvet swabs (Culturvet, AR) and placed in Amies’s

transport medium (Oxoid, London, UK). Bacterial 2.1.4. Pregnancy test

pathogens were identified using conventional micro- Mares were bred by natural service, spending two

biology procedures. cycles with the stallions. Pregnancy was assessed by

transrectal ultrasonography 15 days after breeding.
2.1.3. Endometrial exfoliative cytology

Samples were taken with guarded Culturvet swabs, 2.2. Experimental design
smeared on glass slides, dried at room temperature,
and stained with Giemsa stain (15” Biopur, Argen- Three experiments spanning three consecutive cycles
tina). PMN were counted in 20 fields (400x) and the were done, in which the same groups of S and R mares
mean number of PMN per field was calculated. Mares were studied. Methods for biopsy collection, conserva-
with <12 or >12 mean PMN counts were considered as tion of samples and data analysis (described below)

showing or not showing inflammation, respectively. were the same in all three experiments.
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2.2.1. Experiment 1: baseline IL-1p, IL-6 and
TNF-a mRNA expression in SM and RM, and
effect of estrous cycle

Endometrial biopsy samples were taken from mares
during estrus, when transrectal palpation and ultra-
sonography showed a relaxed cervix, a low uterine
tonus, the presence of endometrial edema and a domi-
nant ovarian follicle (>35 mm). The day of ovulation
was monitored and recorded, and the second sample
(diestrus) was taken at 7+ 1 days post-ovulation.
Uterine biopsy samples were immediately frozen
and stored in liquid nitrogen until used for total
RNA extraction.

2.2.2. Experiment 2: effects of Al

Dead semen was used to study the inflammatory
effect of semen deposition in the uterus while avoiding
the otherwise superimposed effects of conception.
Semen was collected from four healthy fertile stallions
using the Missouri artificial vagina. Semen samples
were pooled and diluted in Kenney’s extender without
antibiotics. Dose was adjusted to 5 x 10% spermatozoa
with progressive motility. Spermatozoa were killed by
two rounds of freezing and thawing, and then stored
at —20 °C. Previous studies have shown that insemi-
nation with frozen semen provokes intense endome-
tritis due mainly to spermatozoa (Kotilainen et al.,
1994). Intact or damaged spermatozoa have been
shown to have similar inflammatory-inducing capa-
city, whereas semen extender is innocuous (Kotilainen
et al., 1994).

The mares were artificially inseminated once in
estrus (see experiment 1). Uterine biopsy samples
were taken 24 4+ 8 h after insemination. The day of
ovulation was monitored and recorded. The second
sample (in diestrus) was taken on day 7 1 post-
ovulation.

2.2.3. Experiment 3: effects of immunomodulation
This experiment was similar to experiment 2 except
that an immunomodulator was injected to mares at
time of AL An emulsion of a cell-wall skeleton
preparation purified from Mycobacterium phlei (Equi-
mune IV™, Bioniche, AH, US) (MCWE) and mar-
keted for the treatment of equine respiratory infectious
complex, was injected intravenously at a single dose
of 1.5mg. Mares were biopsy sampled 24 =8 h
after insemination and MCWE treatment. The day

of ovulation was registered and the second sample
was taken at day 7 & 1 post-ovulation (i.e. at diestrus).

2.2.4. Ultrasonography

Ultrasonography was used to identify pregnant and
barren mares, to determine the number and size of
dominant follicle(s), the presence of uterine fluid and
edema, the state of the cycle and ovulation. All
examinations were performed using a 5-MHZ linear
array, real time, transducer (Portable Scanner 100 vet,
Pie Medical Equip. BV, Maastricht, The Netherlands).

2.2.5. Endometrial biopsies

Endometrial biopsy samples were collected using a
biopsy punch (Alligator Jaw Instrument, Pilling, PA).
For histologic examination, samples were fixed in
Bouin’s solution, prepared for optical microscopy
and scored according to a well-established grading
system (Kenney and Doig, 1986). For cytokine assays,
punches were kept frozen in liquid nitrogen until used
for RNA extraction.

2.2.6. RNA isolation, DNAse treatment of
RNA samples, and cDNA synthesis

Total RNA was isolated from 50 mg of endome-
trium using the RNeasy total RNA isolation kit (Qia-
gen Inc., Valencia, CA, USA). RNA concentration was
measured by optical density at 260 nm. All RNA
samples were treated with amplification grade DNAse
I (Gibco BRL, Rockville, MD, USA) to remove any
traces of genomic DNA. Briefly, 1 U of DNAse I and
1 ul of 10x DNAse I reaction buffer were mixed with
1 pg of total RNA in a 10 pl reaction. The mixture was
incubated for 10 min at room temperature and then
inactivated by adding 1 pl of 25 mM EDTA and
heating at 65 °C for 10 min.

cDNA was synthesized with the Advantage RT-for-
PCR Kit (Clontech, Palo Alto, CA, USA) by using the
protocol of the manufacturer. Briefly, 1 pg of total
RNA was mixed with 1 pl of oligo (df);g primer
(20 uM) and heated at 70 °C for 2 min. After cooling
to room temperature the following reagents were
added: 4 pul of 5x reaction buffer (containing
250 mM Tris—=HCI (pH 8.3), 375mM KCI, and
I15mM MgCl,), 1pul of deoxynucleoside tripho-
sphates (ANTP, 10 mM each), 0.5 pl of RNase inhi-
bitor (40U pl™") and 1pl of Moloney murine
leukemia virus reverse transcriptase (200 U ul™h.
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The mixture was incubated at 42 °C for 1 h, heated at
94 °C for 5 min, diluted to a final volume of 100 pl,
and stored at —70 °C until used for PCR analysis.

2.2.7. Real time PCR

Gene specific primers and internal oligonucleotide
probes for equine IL-1, IL-6, TNF-o and glyceral-
dehyde-3-phosphate dehydrogenase (G3PDH) have
been previously described (Garton et al., 2002). The
internal probes were labeled at the 5’ end with the
reporter dye 6-carboxyfluoresceine, and at the 3’ end
with the quencher dye 6-carboxytetramethyl-rhoda-
mine. Amplification of 2 pl of cDNA was performed in
a 25 ul PCR reaction containing 900 nM of each
primer, 250 nM of Tagman probe and 12 pl of TagMan
Universal PCR Mastermix (Applied Biosystems).
Amplification and detection were performed using
the ABI Prism 7700 Sequence Detection System
(Applied Biosystems) with initial incubation steps
at 50 °C for 2 min and 95 °C for 10 min followed
by 40 cycles of 95 °C for 15 s and 60 °C for 1 min.
Each samples was assayed in triplicate and the mean
value was used for comparison. Samples without
cDNA were included in the amplification reactions
to determine background fluorescence and check
for contamination. cDNA from 24 h Concanavallin
A-stimulated equine blood mononuclear cells was
used as positive control. To account for variation in
the amount and quality of starting material, all the
results were normalized to G3PDH expression. In
preliminary experiments, the amplification efficiency
of IL-1f, I1-6 or TNF-a primer and probe combina-
tions were similar to that of G3PDH with slopes of
the log input amount versus differences in threshold
cycles <0.1. Relative quantitation between samples

Table 2

was achieved by the comparative threshold cycles
method aspreviously described (Leutenegger et al.,
1999). Results are reported as the n-fold difference
relative to cytokine mRNA expression in the sample
with the lowest expression.

2.2.8. Data presentation and statistical analyses

Data were presented as median and ranges in rela-
tive mRNA expression within each group (n = 8).
Differences between paired groups (experiment 1
versus experiment 2 and experiment 2 versus experi-
ment 3) were analyzed with the Wilcoxon ranks signed
test. Differences between unpaired groups (SM versus
RM) were analyzed with the Mann—Whitney U-test.
The Spearman non-parametric correlation test was
used for correlation analyses between cytokine mRNA
expression. Results were considered statistically signi-
ficant if the value of P was <0.05.

3. Results

3.1. Baseline IL-1f, IL-6 and TNF-a mRNA
expression in SM and RM, and effect of
estrous cycle

SM and RM were studied in estrus and in diestrus to
establish their baseline cytokine mRNA expression.
In estrus, IL-1f (P = 0.002), IL-6 (P = 0.001) and
TNF-a (P = 0.0006) mRNA expression in endome-
trial biopsy samples was significantly higher in
SM than in RM (Table 2). In diestrus, endometrial
mRNA expression of IL-18 (P = 0.005) and TNF-o
(P = 0.007) of SM was significantly higher than that
of RM.

Baseline relative IL-1p, IL-6 and TNF-o. mRNA expression in endometrial tissue from RM and SM, and effect of estrous cycle

Period Resistant mares

Susceptible mares

IL-1B IL-6 TNF-o

IL-1B IL-6 TNF-o

Estrus 4.49" (2.26-9.59)

Diestrus ~ 4.15* (2.26-7.47)  2.38 (1-112426)

6.86" (2.65-39.42) 14.93" (7.25-58.52) 16.21* (5.24-133)
10.56" (2.4-30.79)

156" (27.18-560) 127" (22.18-652)

11.23% (4.5-60.31)  14.81° (3.15-236)  35.76™" (7.08-288)

Relative quantitation between samples was achieved by the comparative threshold cycles method as previously described (Leutenegger et al.,
1999). Results are reported as the n-fold difference relative to cytokine mRNA expression in the sample with the lowest expression, which was
arbitrarly given the value of 1.0. The values represent median (range) relative mRNA expression within each group (n = 8).

 Indicates significant differences for each cytokine between resistant and susceptible mares (P < 0.05).

" Indicates significant differences between estrus and diestrus within each group (P < 0.05).
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Table 3

Relative IL-1f, IL-6 and TNF-oo mRNA expression in endometrial tissue from RM and SM, and effect of artificial insemination

Period Resistant mares Susceptible mares

IL-1B IL-6 TNF-o IL-1B IL-6 TNF-o
24 h after AL 97.66 231 317 317 1414 430

(8-511) (12.25-10447) (2.83-3063) (31.22-4484) (39.79-4082088) (18.26-24066)
Diestrus 14.2* 43.36 18.58" 86.69° 87.17 301°

(3-157) (1.28-3806) (0-478) (18.43-2294) (6.7-81671) (30.22-18875)

Relative quantitation between samples was achieved by the comparative threshold cycles method as previously described (Leutenegger et al.,
1999). Results are reported as the n-fold difference relative to cytokine mRNA expression in the sample with the lowest expression, which was
arbitrarly given the value of 1.0. The values represent median (range) relative mRNA expression within each group (n = 8).

* Indicates significant differences for each cytokine between resistant and susceptible mares (P < 0.05).

IL-1B, IL-6 and TNF-oo mRNA expression in RM
was not significantly different between estrus and
diestrus. In contrast, SM had significantly lower IL-
6 (P = 0.008) and TNF-a (P = 0.05) mRNA expres-
sion in diestrus than in estrus.

3.2. Effects of Al

The effect of Al as an inflammatory stimulus was
evaluated in two ways. First, RM and SM were
compared in estrus versus diestrus following Al with
dead semen (Table 3). Second, mRNA expression
observed following Al in experiment 2 was compared
to baseline values obtained from each respective group
in experiment 1 (mares without treatment) (Table 5).

Differences in IL-1f3, IL-6 and TNF-a mRNA expres-
sion between SM and RM in estrus 24 h following Al
were not statistically significant (Table 3). In diestrus,
mRNA expression of IL-1B (P = 0.01) and TNF-o
(P = 0.02) was significantly higher in SM than in RM.

Twenty-four hours after AI, mRNA expression for
the three cytokines was significantly increased in RM
compared to baseline expression in the same mares
during estrus of the previous cycle (without treatment)
(Table 4). Higher IL-1p, IL-6 and TNF-o levels were
found in SM compared to baseline expression in the
same mares during estrus of the previous cycle (with-
out treatment) (Table 4) although these differences
were not significant. The same comparisons made
during diestrus showed a significant increase in
IL-18 mRNA expression in both RM (P = 0.008)
and SM (P = 0.04).

3.3. Effects of immunomodulation

To evaluate the effect of an immunomodulator on
semen-induced endometrial inflammation, MCWE
was administered intravenously to mares at the time
of Al. After immunomodulation, there were no sig-
nificant differences between mRNA transcription for

Table 4
Relative IL-1f, IL-6 and TNF-oo mRNA expression in endometrial tissue from RM and SM (comparisons between groups)
Comparison Resistant Susceptible

Estrus Diestrus Estrus Diestrus

IL-1  IL-6 TNF-o0  IL-1B IL-6 TNF-a  IL-1B IL-6 TNF-o0  IL-1B IL-6 TNF-o
No treatment vs. Al 1 T i T T 1 1 T T 1 i

HE wE ok ok ns ns ns ns ns ok ns ns
Al'vs. Al + MCWE | 1 i T ! 1 1 1 1 1 1

ns ns ns ns ns ns HE ns ns ns ns ns

Asterisks indicates significant differences (P < 0.05); ns, non-significant differences.
* Arrows indicate the effect of the treatment (upwards, augmentation; downwards, reduction).
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Table 5
Relative IL-1B, IL-6 and TNF-a mRNA expression in endometrial tissue from RM and SM, and effect of artificial insemination plus
immunomodulation
Period Resistant mares Susceptible mares
IL-1B 1L-6 IL-1B IL-6 TNF-o
24 h after Al plus 37.99 96.42 27.38 181 78.14
immunomodulator (5-28210) (4.36-27444) (8.08-83379) (4.3-114.9) (2.13-1004) (9.92-476)
Diestrus 31.51 17.94 57.79 29.17 137
(4.3-115) (2.13-1004) (9.92-466) (2.54-161) (8.48-139) (26.49-373)

Relative quantitation between samples was achieved by the comparative threshold cycles method as previously described (Leutenegger et al.,
1999). Results are reported as the n-fold difference relative to cytokine mRNA expression in the sample with the lowest expression, which was
arbitrarly given the value of 1.0. The values represent median (range) relative mRNA expression within each group (n = 8).

any of the cytokines between RM and SM neither
during estrus nor during diestrus (Table 5).

IL-1B, IL-6 and TNF-ao mRNA expression in mares
administered MCWE at time of Al was compared to
expression in the same mares after AI without MCWE
administration (Table 4). Administration of MCWE
resulted in a significant decrease in IL-13 (P = 0.02)
and lower IL-6 (ns, P = 0.08) mRNA expression in
SM during estrus compared to the same mares not
receiving MCWE at time of Al Other comparisons
did not identify statistically significant differences.
Howeyver, it is worth to mention that maximum levels
of mRNA transcription were much lower when SM
received Al plus MCWE treatment (Tables 3 and 5).

3.4. Correlation of IL-1f with IL-6 and TNF-o
mRNA levels in endometrial samples

To assess if the mRNA expression of the three
cytokines varied mutually, a correlation analysis
was made between IL-1B and IL-6 and between IL-
1B and TNF-a.

No significant correlation were found between
mRNA expression for the three cytokines in untreated
RM. However, IL-1p and TNF-oo mRNA expression
were highly correlated (r = 0.88, P = 0.007) during
both estrus and diestrus in SM. A lower correlation
between IL-1f and IL-6 was found in SM during both
estrus (r = 0.66, P = 0.08) and diestrus (r = 0.64,
P =0.09).

After AI, mRNA expression was highly correlated
in both groups of mares during estrus and diestrus with
the only exception being a low correlation between
IL-1PB and TNF-o in RM during diestrus. In response
to administration of MCWE together with Al, there

were different correlation degrees in both RM and SM
in estrus (IL-6: r = 0.74, TNF-o: r = 0.9 and IL-6:
r = 0.95, TNF-o: r = 0.69, respectively). In diestrus,
the degrees of correlation were lower and not signifi-
cant in both groups with the exception of TNF-a
(r =0.74) in SM.

4. Discussion

This work aimed to study mRNA expression of
endometrial pro-inflammatory cytokines in mares
resistant and susceptible to PPBE. Results of the
present study demonstrated that these two groups of
mares differed in their endometrial mRNA expression
of IL-1B, IL-6 and TNF-a, particularly after the
stimulus of AI. Furthermore, the altered profiles of
mRNA transcription observed in SM were modified
upon application of an immunomodulator.

Mares classified as RM on the basis of reproductive
history, endometrial cytology and histopathology, and
bacterial clearance experiments, exhibited lower
endometrial mRNA expression of the three pro-
inflammatory cytokines than SM. Previous studies
have shown that SM have a sustained high number
of inflammatory cells infiltrating their endometrium as
a result of inflammatory stimuli (Cadario et al., 1999;
Fumuso et al., 2000). Although not addressed in
our study, macrophages may be responsible for the
high pro-inflammatory cytokine mRNA expression
observed in SM. Indeed, macrophages are a major
source for these molecules (Dinarello, 1992; Murtaugh
and Myers, 1995) and monocyte/macrophage cells
are found in the endometrium of both RM and SM
(Summerfield and Watson, 1998). However, mRNA
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and protein for these pro-inflammatory cytokines
have also been identified in human and rat luminal
epithelial endometrial cells by in situ hybridization
and immunohistochemistry, indicating the contribu-
tion of other cells to cytokine pool (Yelavarthi et al.,
1991; Barafiao, 1997). The current study does not
address whether increased mRNA expression in SM
was due to higher numbers (and variety) of transcrib-
ing cells or, instead, to the higher activity per cell.
Therefore, these results should be taken as a measure
of a global endometrial response. In the absence of
stimuli (i.e. Al), the activation of the innate immune
system—reflected here by transcription levels of
PICs—is tightly controlled at endometrium in RM
during estrus and early diestrus. Thus, RM produced
an inflammatory response high enough to control an
incipient infection (supported by data from previous
bacterial clearance assays referred to in Section 2)
and to eliminate spermatozoa (Kotilainen et al.,
1994), yet transient enough as not to create a persis-
tently hostile medium for the embryo nidation and
development (Troedsson, 1999).

Resistant mares submitted to an intra-uterine
inflammatory stimulus (experiment 2), here repre-
sented by Al with dead semen, significantly upregu-
lated mRNA expression for pro-inflammatory
cytokines. Results also indicated that during Al
(and also most likely during natural breeding), cyto-
kines play a regulatory role enhancing endometritis
during estrus in both groups of mares and then down-
regulating it during diestrus in RM but not in SM. This
tendency was consistent with the behavior seen in
basal conditions in experiment 1, and thus it most
likely might represent a trait particular to the mare’s
phenotype instead of a characteristic of the evoking
stimulus. In this respect, apparently opposite roles (i.e.
pro- or counter-inflammatory) have been reported for
IL-6 and recently an hypothesis has been postulated to
connect those effects (Kaplanski et al., 2003). IL-6
would act initially promoting acute inflammation and
PMN recruitment; later on, IL-6 would induce PMN
apoptosis and phagocytosis by monocytes, which
would become inflammatory macrophages, leading
to the termination of the inflammation. In our study,
both in basal conditions and after an inflammatory
stimulus, IL-6 was not significantly upregulated in SM
thus probably indicating a point of down-regulation
failing in these mares.

Appropriate contractility of the myometrium is
recognized to play a significant role in clearance of
endometrial debris and inflammatory by-products
(Nikolakopoulos and Watson, 1999). Interestingly, in
humans and mice, high induction of pro-inflammatory
cytokines have been associated with modulation of
several mechanisms affecting myometrial contractility
such as cell-to-cell communication failure (Semeretal.,
1991), COX2-dependent increased synthesis of pros-
taglandins F,o and E, (Erkinheimo et al., 2000); and, in
cows, with the expression of oxytocin receptors (Leung
et al., 2001). Thus, SM could probably present some
of these defects, or a combination of them, which could
be related with unpaired contractions.

On a global basis, there was a good correlation
between expression of all three pro-inflammatory cyto-
kine examined when expression was high (we consid-
ered as “low” or “baseline’ levels those presented by
untreated RM in experiment 1) as was the case 24 h
after Al Thus, it would appear that stimulus should
exceed a threshold to induce a coordinate transcription
of cytokines, and that in SM, such a threshold would be
lower than in “normal’” RM. Besides, lack of correla-
tion found in a number of comparisons suggested that
caution should be taken if a single cytokine is to be
selected to monitor endometritis.

We sought to evaluate if immunomodulation would
affect post-breeding endometritis. Among available
candidates, MCWE was selected because it targets
macrophages, a central cell to innate immunity, and it
is safe and already approved for use in horses. Mares
treated with MCWE at time of Al reverted the pattern
of mRNA expression similar to baseline levels.
Indeed, SM, did not show such a high up regulation
as when just received Al, and, in fact, most of them
behaved like the RM. This was clearly reflected by the
lack of significant differences between both groups
when treated with MCWE; in addition, giving the
ample variation considering individual values, it is
to note that in every case, MCWE treatment resulted in
much lower maximum transcription values. Therefore,
applying MCWE to mares subjected to Al, modulated
inflammation by significantly down-regulating mRNA
expression of IL-1f in SM. However, the inflamma-
tory potential of each one of the cytokines studied has
not been determined; thus probably the upregulation
of one of them would suffice to provoke inflammation;
for example, in vivo experiments in rats have shown
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that IL-1f was more potent than IL-6 in inducing acute-
phase hypothalamic effects (Wu et al., 1999). Although
not yet studied in equine cells, the most likely mechan-
ism of action of MCWE is by receptor signaling upon
binding to TLR-4 and TLR-2 (Underhill et al., 1999).
The same stimuli that generate pro-inflammatory cyto-
kines might also evoke other mechanisms with opposite
effects. For instance, TNF-o activity can be neutralized
by a soluble receptor, IL-1 receptor antagonist com-
petes with active IL-1 for receptor sites and high
concentrations of IL-6 reduce IL-1 and TNF-a pro-
duction (Murtaugh and Myers, 1995; MacKay,
2000). Further studies are needed to better appreciate
the contribution of individual factors in regulation of
endometritis.

Thus, according to our results, SM exhibited high
and protracted mRNA expression for some pro-
inflammatory cytokines as a significant feature of
PPBE. Immune intervention with MCWE could be
of help in restoring homeostatic local inflammatory
mechanisms, thus assisting in the prophylaxis of this
condition in mares.
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