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Summary

Although a number of different clinical and laboratory methods are used, there is still need for a practical, reliable and economical
diagnosis method for early pregnancy in mares. Objective was to provide a preliminary background for understanding immunological
modifications at molecular level during early pregnancy in mare and thereby to allow development of a practical pregnancy test.
Blood samples were collected from 10 pregnant and 4 cyclic mares on days of ovulation (d0), 4 and 8. Total RNA samples were isolated
from peripheral blood mononuclear cells (PBMC) and cDNA synthesis was performed. Pregnancy dependent gene expression profiles
of proopiomelanocortin (POMC), nitric oxide synthase (iNOS), prostaglandin E synthase (PGES), interleukin-4 (IL-4), IL-5 and IL-10 were
evaluated at mRNA level using semiquantitative Reverse Transcriptase-Polymerase Chain Reaction. Data were analyzed by General
Linear Model and possible differences between all mean factors were determined by Tukey’s analysis. No gene expressions were
observed for PGES, IL-5 and iNOS in PMBCs. Expressions of POMC, IL-4 and IL-10 were not significant on d0, 4 and 8, which suggested
that pregnancy or cyclic status had no effect on expression of these genes. Only, IL-10 mRNA expression was lower in pregnant mares
than cyclic mares (P<0.05).
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Siklik ve Gebe Kisrak Periferal Kan Mononiikleer Hiicrelerinde
POMC, iNOS, PGES, IL-4, IL-5 ve IL-10 Gen Ekspresyonu

Ozet

Kisraklarin erken gebelik tanisinda farkli klinik yontemler ve laboratuvar analizleri kullanilmaktadir. Ancak pratik, glvenilir ve
ekonomik bir gebelik tani yéntemine halen ihtiya¢ bulunmaktadir. Bu calismada, gebelikle birlikte immun sistemde meydana gelen
degisimlerin molekiler diizeyde belirlenmesi, gebelik immunolojisinin anlasiimasi ve sonucta pratik bir gebelik testi gelistirilmesi
icin bilimsel alt yapinin hazirlanmasi amaglanmistir. Kan 6rnekleri, 10 bas gebe ve 4 bas gebe olmayan (siklik) kisraktan ovulasyon
gliniinden baslayarak (0. glin), 4. ve 8. glinlerde alindl. Periferal kan mononiikleer hiicrelerinden (PKMH) total RNA izolasyonu ve
cDNA sentezi gerceklestirildi. Proopiomelanocortin (POMC), nitrik oksit sentaz (iNOS), prostaglandin E sentaz (PGES), interlokin-4
(IL-4), IL-5 ve IL-10 gen ekspresyonlarinda gebelige bagli muhtemel degisiklikler mRNA seviyesinde Reverz Transkriptaz-Polimeraz
Zincir Reaksiyonu (PZR) ile semi-kantitatif olarak arastirildu. istatistiksel analizlerde General Linear Model ve modeldeki biitiin etkenler
icin ortalama degerler (means) arasindaki farklilik olasiliklari Tukey analizi kullanilarak belirlendi. PKMH'de PGES, IL-5 ve iNOS gen
ekspresyonlari tespit edilemedi. istatistiksel analizler sonucunda POMC, IL-4 ve IL-10 gen ekspresyonlarinin 0., 4. ve 8. glinler arasinda
mRNA dizeyinde herhangi bir farklilik géstermedigi belirlendi. Gebeligin veya siklik olmanin bu genlerin mRNA ekspresyonu Uzerine
uyarma veya baskilama seklinde bir etkisi olmadigi tespit edildi. Yalnizca, IL-10 mRNA konsantrasyonunun gebe hayvanlarda siklik
hayvanlara gore diistik oldugu belirlendi (P<0.05).
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INTRODUCTION

Majority of horses (90%) are known as seasonal poly-
estricand exhibit their sexual activities between spring and
fall in Turkey with limited number of estrus (about 3-6). In
this period, number of ovulatory cycles is limited . Normal
reproductive cycle is critically important in horse breeding.
Planning of this limited mating period and diagnosis of
pregnancy as early as possible, especially in the first week
after mating, is clinically important in thoroughbred horse
breeding.

A number of different clinical method are used for early
diagnosis of pregnancy in mares such as observation of
estrus symptomes, stallion checking, rectal palpation, ultra-
sonography as well as lab methods including evaluation
of hormone (eCG, oestron sulfate, progesteron) and the
early pregnancy factors 3. There is still however need for
a practical, reliable and economical pregnancy diagnosis
method in mares.

In - mammalians, embryo has to be recognized by the
mother for maintaining the pregnancy. This procedure,
which may be species specific, is generally maintained by
expression of some signals from embryo. Therefore, mother
can hormonally and immunologically prepare for pregnancy.
The communication between the embryo and the mother
inhibits development of immunological reactions against
embryo/fetus, which is genetically different than mother.
In this immunological insensitivity, direct and indirect
factors involve through local-stimulation of embryo and
some factors that are produced in the oviduct-uterus by
impact of embryo. It is well known that there is a reduction
in number of blood lymphocytes * and in symptoms of
autoimmune diseases after fertilization °.

Pregnancy requires a tight regulation between the
immune and endocrine systems by which a molecular
level communication is formed between different cyto-
kines, growth factors and hormones . Equine early embryo
secretes an immunoregulatory prostanoid, prostaglandin
E2 (PGE2) and events such as proliferation of T lymphocytes
and termination of T helper-1 (Th-1) cytokines including
IL-2, IFN-y and TNF-a are under control of PGE.. PGE: also
stimulates Th-2 cytokines such as IL-4, IL-5 and IL-10 7.
Also, Dixit and Parvizi '° reported that nitric oxide (NO)
and adrenocorticothropic hormon (ACTH), that are known
as immunosuppressive agents, are expressed by bovine
lymphocytes during the pregnancy.

The objective of this study was to evaluate expression
of genes including POMC, iNOS, PGES, IL-4, IL-5 and IL-10
that have effect in immune system of peripheral blood
mononuclear cells (PBMC). Results are expected to allow
evaluating immunological aspect of early mare pregnancy
and providing scientific basis for development of a novel
and practical pregnancy diagnosis method.

MATERIAL and METHODS

Animal Material and Experimental Procedure

Animal material included reproductively sound 10
Arabian mares and one stallion aging from 5 to 16. Animals
were obtained from TIGEM Anatolian Agricultural Station
Horse Breeding Center, Eskisehir, TURKEY and TIGEM
Karacabey Horse Breeding Center, Bursa, TURKEY. All
experimental procedures were approved by the Ethics
Committee of Faculty of Veterinary Medicine at Selcuk
University (# 2007/0034 on 07.13.2007). Experimental
procedure was previously reported elsewhere . Briefly,
all animals were evaluated for infectious diseases and
reproductive performance before the study. In the
beginning of the season, mares were synchronized for
estrous and ovulation and were evaluated for criteria
including follicular development and endometrial edema.
Mares were inseminated after daily inspection of ovaries
for determination of preovulatory follicle (=35 mm). Four
mares remained uninseminated and were used as negative
control (cyclic). Blood samples were collected from 10
pregnant and 4 cyclic mares on days of ovulation (d0), 4
and 8. Embryonic vesicle was detected on day 9-11 and
pregnancy was verified on day 14-15 by ultrasonographic
examination. All animals were housed at the Equestrian
Center of Selcuk University.

Peripheral Blood Mononuclear Cell (PBMC)
Isolation and Total RNA Extraction

PBMCs were isolated as previously described 2. Briefly,
10 ml blood sample was centrifuged at 300 g for 20 min
at 4°C. The buffy coat was harvested and resuspended in
1:5 V:V 0.87% Tris-NH4Cl lysis buffer. Samples were kept at
37°C for 10 min and then centrifuged at 300 g for 10 min.
The PBMC pellet was washed with 10 ml PBS buffer and
used for total RNA extraction procedures. RNA isolation,
quality control, genomic DNA removal by DNAse-l and cDNA
synthesis procedures were conducted as described by Kurar
et al.”>. Briefly, total RNA isolation was performed by using
TRIzol Reagent (Invitrogen, USA). Two ug RNA samples were
first cleaned for possible genomic DNA contamination by
DNAse-l and then subjected to reverse transcriptase reaction
for first strand complementary DNA (cDNA) synthesis using
RevertAid™ FirstStandart cDNA Synthesis Kit (Fermentas,
USA) according to the manufacturer’s instructions.

Polymerase Chain Reaction

Relative mRNA expression levels of genes were
analyzed by semiquatitative RT-PCR. Polymerase Chain
Reactions (PCR) were performed on a Bio-RAD MyCycler
thermal cycler in 15 pl reaction volume including 1x Mg**
free PCR buffer, 0.125 mM dNTP, 1.5 mM MgCl*+, 0.375 units
of Tag polymerase (Fermentas), 5 pMol each primer (Table
1) and 2 ul cDNA sample as template. A touchdown-PCR
profile ' was used with two steps. The first step was an



initial denaturation at 95°C for 4 min, followed by 16 cycles
of denaturation at 94°C for 30 sec, annealing beginning at
60°C and ending at 52°C for 30 sec and extension at 72°C
for 1 min. The annealing temperature was decreased 0.5°C
per cycle until it reached 52°C. At the second step, 25
cycles of 94°C for 30 sec, 52°C for 30 sec, and 72°C for 1 min
was applied.

The resulting PCR products were separated by electro-
phoresis on 2-3% agarose gels. After ethidium bromide
staining, band sizes and densities were determined using
GenoMini Image Capture and Analysis System (VWR,
Leuven, Germany).

Statistical Analyses

Data were analyzed using General Linear Model (GLM)
where status of animal (pregnant or cyclic), days (0,4 and 8)
and interaction (pregnant or cyclic * days) were included.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH), a
housekeeping gene, was used as an internal control and
covariate for normalization of the expression data in the
model. Possible differences between means for all factors
were determined by Tukey’s analysis. Differences of P<0.05
were accepted as statistically important.

Table 1. Primers used in PCR analyses
Tablo 1. PZR analizlerinde kullanilan primerler
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RESULTS

Expressions of POMC, IL-4, IL-10 and GAPDH genes
were determined in PBMC (Fig. 1). PGES, IL-5 and iNOS
gene expressions were not determined at mRNA levels
(Fig. 1). However, expressions of these genes were
determined in total mMRNA samples from equine endo-
metrium (Fig. 2).

Expression profiles of POMC, IL-4 and IL-10 during the
early pregnancy and estrus cycle were illustrated in Fig. 3.
In order to determine the real differences, the beginning
of the exponential phases (quantity of PCR product is
doubled at each cycle), cycle numbers were determined
as 33, 35, 30 and 25, and semiquantitative evaluation of
RT-PCR analyses for POMC, IL-4, IL-10 and GAPDH were
performed at indicated number of cycles.

POMC expressions were slightly higher in pregnant
mares on days 0 and 8 but lower in day 4. POMC and IL-4
expressions were not statistically significant between
pregnant and cyclic mares. However, mMRNA concentration
of IL-10 was significantly lower in pregnant mares during
early pregnancy on the time points evaluated.

Primer Sequence

@ PCR Product Gen(:! Bank
Forward Reverse (bp) Accession Code
PGES ggaacgacatggagaccatctac gaagggatgcccaatcccctag 311 AY057096
iNOS gccaaggtctgagctacctg gagtgcctggctgagtgag 200 AJ493657
IL-5 gatgggaacctgatgattcctact tccccttggacagtttgattct 107 u91947
IL-4 atccagggatgcaaatacga ttgaggttcctgtccagtcc 239 AF305617
IL-10 ttacctggaggaggtgatgc taccacagggttttccaagg 399 U38200
POMC ttctgagctccgagaagagceca aaacgagccgagtatctgccgcetg 203 *
GAPDH atcaccatcttccaggagcgaga gtcttctgggtggcagtgatgg 341 **

* Primers were designed based on the published DNA sequence '* and the resulting PCR product was verified by DNA

sequencing, ** Obtained from Boerboom et al.”®
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Fig 1. RT-PCR analysis of the genes used in the study (L: 100-bp DNA size
standard)

Sekil 1. Calismada kullanilan genlerin RT-PZR analizi (L: 100-b¢ DNA
standartini ifade etmektedir)
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Fig 2. PCR analysis of IL-5, INOS and PGES genes in cDNA samples of mare
endometrium (L: 100-bp DNA size standard)

Sekil 2. IL-5, iNOS and PGES genlerinin kisrak endometrium cDNA
orneklerinde PZR analizi (L: 100-bg DNA standartini ifade etmektedir)
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DISCUSSION

For sustaining the pregnancy, a tight regulation is
established between the immune and endocrine systems at
the beginning of pregnancy. For this purpose, a molecular
level communication is formed between different cyto-
kines, growth factors and hormones °. Fertilized ovum
reaches into uterus from oviduct about 144-156 h after
ovulation and secretes an immunoregulatory prostanoid,
PGE2. Some critical immunological modulations, for
instance proliferation of T lymphocytes and termination
of T helper-1 (Th-1) cytokines including IL-2, IFN-y and
TNF-q, are under control of PGE.. PGE: is also responsible
for stimulation of Th-2 cytokines such as IL-4, IL-5 and IL-
10 7°. It has been reported that such Th-1 down regulation
by PGE: is critically important for prevention of transplant
rejections. These findings suggested a possible immune
modulatory role of PGE2 during pregnancy . Furthermore,
some tumor tissues produce PGE: to suppress immune
reactions against tumor tissues 8.

These findings demonstrated that PGES can be a
potential candidate gene. In this study, PBMC expression
of PGES that produce PGE2 was used to evaluate the effect
of early pregnancy. No gene expression was determined

day

day

@ Cyclic
H Pregnant
Fig 3. Expression of POMC, IL-10 and IL-4 genes at
mRNA level
@ Cyclic Sekil 3. POMC, IL-10 ve IL-4 genlerinin mRNA
seviyesinde ekspresyonu
m Pregnant
o Cyclic
B Pregnant

day

for PGES and IL-5 genes in total RNA samples isolated
from PBMC (Fig. 1). However, expressions of these genes
were determined in cDNA samples isolated from equine
endometrium "', which suggests that primers used for
these genes are informative and suitable for equine gene
expression studies (Fig. 2). These findings demonstrated
that PGES and IL-5 were not expressed in mare PMBCs
during the early pregnancy and early in estrous cycle.

It is well known that immune tolerance against human
embryo can be explained by transition from cellular to
humoral immune response. During the pregnancy, immune
system prefers humoral response against intracellular
pathogens instead of cellular response that is normally
applied. Over expression of maternal Th-1 cytokines that
are part of cellular response negatively affects embryo
development . Therefore, shift from production of Th-1
cytokines to Th-2 cytokines were determined in early
human pregnancy 22", Expression of IL-4 and IL-10, which
are Th-2 cytokines, were determined in PBMCs (Fig. 1).
Statistical analyses illustrated that expression of IL-4 was
not different on days 0, 4 and 8. However, IL-10 expression on
days 0 and 4 were significantly lower (P<0.05) in pregnant
mares than cyclic mares (Fig. 3). This finding partially may
indicate the alteration from cellular to humoral response
in early pregnancy.



Beside its immunosuppressive role, ACTH has an effect
to stimulate glucocorticoids. On day 7 after ovulation that is
the period accepted as reception of the embryo by mother,
blood lymphocytes produce ACTH at gradually increasing
levels throughout pregnancy '*% In this time period, bovine
embryo initiates expression of paternal MHC molecules.
Therefore, ACTH affects mother’s immune system in the
favor of embryo during the pregnancy particularly at
the beginning of implantation. Local production of this
hormone allows immune tolerance against the embryo
and thereby plays role in immunological acquiescence of
embryo. In this study, primers derived from polycistronic
POMC locus were used to evaluate ACTH expression.
Although POMC expression was determined in PBMCs
of both pregnant and cyclic mares, no differences were
observed between on days 0, 4 and 8 (Fig. 3).

Nitric oxide (NO) is similarly expressed by bovine
lymphocytes throughout the pregnancy to suppress
immune system '°. Nitric oxide exhibits its immuno-
suppressive role by transition from Th-1 lymphocytes to
Th-2 lymphocytes (from cellular response to humoral
response) 2. However, in this study, nitric oxide synthase
(INOS) gene was used to test NO expression; but, iNOS
mMRNA was not determined in PBMCs.

As a result PGES, IL-5 and iNOS expressions were not
observed in PBMCs during first 8 days of the cycle after
the ovulation. IL-10, POMC and IL-4 expressions were
determined in PBMC, but POMC and IL-4 expressions were
not different between pregnant and cyclic mares. These
findings demonstrated that these genes are not useful
for development of an alternative method for diagnosis
of early pregnancy in mares. There is need to evaluate
expression of other candidate genes that may have an
effect on immunogenetical inertness of the dam in the
early pregnancy.
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