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ABSTRACT

Zebu and Holstein x Zebu crossbred have low incidence of uterine infection when compared to Holstein cows.
Resistance to uterine infections may be associated with the ability to recognize invading microorganisms.
Endometrial transcription of microbial molecular patterns receptors has been investigated in the postpartum
period of Holstein cows, but it is completely unknown in Zebu or Holstein x Zebu cows. In this study, 9 Gyr
and 12 F1 Holstein x Gyr cows were submitted to endometrial biopsies at the first and seventh days
postpartum, with the objective to measure transcription levels of toll-like receptors (TLRs) 1/6, 2, 4, 5, and 9;
nucleotide-binding oligomerization domain (NOD)-like receptors 1 and 2; and coreceptors cluster of
differentiation 14 (CD14) and myeloid differentiation protein-2 (MD-2). There was a significant (P<0.05)
decrease in transcription of TLR5 in Gyr, and an increase in transcription of TLR9 in F1 cows, between the
first and seventh day postpartum. Both groups had low incidences of uterine infections up to 42 days
postpartum. Uterine involution completed at 27.7 £ 10.1 and 25.1 + 4.7 days postpartum for Gyr and F1 cows,
respectively. In Gyr cows, higher transcription levels of TLR1/6 and NODL1 correlated to a longer period
required for uterine involution. In F1 cows, lower levels of TLR1/6, TLR2 and NOD?2 correlated to a longer
period required for uterine involution. In conclusion, some pathogen recognition receptors associated
significantly with the time required for uterine involution in Gyr and F1 cows.
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RESUMO

Vacas Zebu e mesticas Holandés x Zebu apresentam baixas incidéncias de infecgBes uterinas quando
comparadas as Holandesas. A resisténcia as infeccdes uterinas pode estar relacionada com a capacidade de
reconhecimento dos microrganismos invasores. A transcricdo endometrial de receptores de padrdes
moleculares microbianos tem sido investigada em vacas Holandesas recém-paridas, porém ainda €
desconhecida em vacas Zebu e mesticas Holandés x Zebu. No presente estudo, nove vacas Gir e 12 F1
Holandés x Gir foram submetidas a bidpsias endometriais no primeiro e no sétimo dia ap6s o parto, com o
objetivo de mensurar os niveis de transcricdo génica dos receptores tipo Toll (TLRs) 1/6, 2, 4, 5 e 9;
receptores tipo NOD 1 e 2; e dos coreceptores CD14 e MD-2. Houve diminuic&o significativa (P < 0,05) do
nivel de transcri¢do de TLR5 em vacas Gir e aumento da transcricdo de TLR9 em vacas F1, entre o primeiro e
0 sétimo dia apds o parto. Os dois grupos apresentaram baixas incidéncias de infec¢Bes uterinas até 42 dias
pos-parto. O periodo de involucéo uterina foi de 27,7 £ 10,1 e 25,1 + 4,7 dias pds-parto, para vacas Gir e F1,
respectivamente. No grupo de vacas Gir, altos niveis de transcri¢do de TLR1/6 e NOD1 tiveram correlacdo
significativa com o prolongamento do periodo de involugéo uterina. No grupo de vacas F1, baixos niveis de
transcrigdo de TLR1/6, TLR2 e NOD2 foram associados a maiores periodos de involugdo uterina. Portanto, 0s
niveis de transcricdo endometrial de alguns receptores de padrfes moleculares microbianos na primeira
semana apos o parto podem estar relacionados com o tempo requerido para ocorréncia da involugédo uterina
em vacas Gir e F1.
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INTRODUCTION

Innate immunity is essential for controlling
postpartum uterine infection in cows (Herath et
al., 2006; Turner et al., 2012). Specific receptors
in endometrial cells recognize microbe-
associated  molecular  patterns  (MAMPS),
formerly referred to as pathogen-associated
molecular patterns (PAMPs). Two important
classes of these receptors are the toll-like
receptors (TLRs) and the nucleotide-binding
oligomerization domain (NOD)-like receptors
(NLRs). The first ones are transmembrane
proteins, while the later ones are cytoplasmic
proteins (Janeway and Medzhitov, 2002; Athman
and Philpott, 2004; Turner et al., 2012).
Interaction between MAMPs and their receptors
triggers a proinflammatory reaction with
induction  of  expression of  defensins,
chemokines, prostaglandins, and other
inflammatory mediators in the endometrium
(Herath et al., 2006; 2009; Turner et al., 2012).

Under normal conditions, contaminating bacteria
are eliminated from the uterine environment
during the first weeks postpartum. Insufficient
uterine innate immunity favors colonization and
proliferation of potentially pathogenic bacteria,
while the inflammatory response results in
endometrial lesions that may impair fertility
(Herath et al., 2009; Chapwanya et al., 2009).
Although the cause and effect relationship of
expression of immune mediators and resistance
against uterine infections have not been
elucidated, genetic variations likely account for
some of the differences in individual responses
to pathogens (Horne et al., 2008; Sordillo et al.,
2009; Pinedo et al., 2013).

High incidences of uterine infections are often
observed in Holstein cows, due to dysregulation
of endometrial inflammatory response during the
first weeks postpartum (Sheldon et al., 2009;
Martins et al., 2013). Conversely, Zebu and
Holstein x Zebu crossbred cows have lower
incidences of postpartum uterine infections
(Sanchez et al., 1999; Camargos et al., 2013).
Endometrial transcription of TLRs, NODs, and
other immune mediators has been investigated in
the postpartum period of Holstein cows (Herath
et al., 2009; Chapwanya et al., 2009; Martins et
al., 2011; 2016), but it is completely unknown in
Gyr or Holstein x Gyr cows. A better
comprehension of the molecular mechanisms by
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which cows detect and respond to uterine
infections may lead to improved therapeutic
tools. Therefore, this study aimed to assess
endometrial transcription of TLRs 1, 2, 4, 5, 6,
and 9; NODs 1 and 2; and coreceptors cluster of
differentiation 14 (CD14) and myeloid
differentiation protein-2 (MD-2) in Gyr and F1
Holstein x Gyr cows at the first and seventh days
postpartum.

MATERIAL AND METHODS

During the course of this study, 9 Gyr cows
(second to fifth lactation) and 12 F1 Holstein x
Gyr cows (second to eleventh lactation) were
maintained in pastures of Brachiaria spp at the
EPAMIG Experimental Farm (Felixlandia,
Minas Gerais, Brazil). The average of the body
condition scores at parturition were 3.7 + 0.4 and
3.5 = 0.5 for Gyr and F1 cows, respectively,
considering a scale of 1 to 5. Gyr cows were kept
with their calves. Calves from F1 cows were
allowed to suck only prior to milking. F1 cows
were supplemented with concentrate at the time
of milking, which was performed twice a day.
Daily production of F1 cows was 20.3 £ 3.9L of
milk up to 42 days postpartum.

Experimental procedures were approved by the
Institutional Ethics Committee on Animal
Experimentation (CETEA/UFMG,  protocol
number 049/2011).

Cows were monitored weekly from the
first to the 42nd day postpartum by clinical
and gynecological examinations, including
transrectal ~ palpation,  vaginoscopy, and
ultrasonography. Cows with uterine infection,
according to Sheldon et al. (2006), were treated
with a prolonged action formulation of
oxytetracycline (Terramicina LA, 20mg/kg,
i.m.). Uterine involution was considered
completed when the uterus was located in the
pelvis, with symmetric uterine horns and absence
of content. Return of luteal ovarian activity was
characterized by the detection of the first corpus
luteum.

At the first day postpartum (between 24 and 30
hours after delivery) and at the seventh day
postpartum, cows were submitted to endometrial
biopsies in the right and in the left uterine horns,
respectively. Two samples of endometrial tissue
(measuring 8 x 4mm) were obtained from
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inter-caruncular areas using biopsy forceps
(Hauptner, Solingen, Germany), which was
introduced through the wvagina and cervix
protected by a sterile plastic wrap. Immediately
after sampling, endometrial tissues were placed
into sterile RNase-free cryovials, snap frozen in
liquid nitrogen, and stored at -80°C.

Total RNA was extracted from endometrial
samples using the Trizol reagent (Invitrogen, Sdo
Paulo, Brazil) according to the manufacturer’s
instructions. RNA purity and concentration were
assessed by spectrophotometry and
electrophoresis in 1% agarose gel. Total RNA
was diluted in diethylpyrocarbonate (DEPC)
treated water for a final concentration of
500ng/pL, and then cDNA was synthesized

using the SuperScript First-Strand Synthesis
System for RT-gPCR Kit (Invitrogen, S&o Paulo,
Brazil) and random hexamer primers, and 2ug of
total RNA was used for each cDNA reaction.

Specific primer pairs were designed using the
Primer 3 software (Rozen and Skaletsky, 2000),
based on mRNA sequences available at the
NCBI/GenBank (National Center for
Biotechnology Information) database (Table 1).
TLRs 1 and 6 primer pair was designed to
amplify a conserved sequence in these two
genes. Primers were validated by amplifying
cDNA obtained from RNA extracted from
bovine peripheral blood monocytes that express
all genes included in this study (Silva et al.,
2012).

Table 1. Primers and their product sizes (in base pairs - bp), melting temperature of the product (Tm), and
the GenBank accession number of the target sequences.

Gene Primer Sequences bp Tm(°C) GenBank #

TLR1/6 Forward TGATCTTGCTGGATCCCATT 107 76.2 NM_001046504.1
Reverse  ACTCTTCTCCTTGGGCCATT

TLR2 Forward AAATTCTGCTGCGTTGGTTT 96 76.2 NM_174197.2
Reverse GGCATTGTCCAGTGATTTGA

TLR4 Forward GACCCTTGCGTACAGGTTGT 103 17.7 NM_174198.6
Reverse  GGTCCAGCATCTTGGTTGAT

TLR5 Forward TCAATGGGAGCCAGATTTTC 104 77.5 NM_001040501.1
Reverse CCCAGCAAAGGTGTGGTAGT

TLR9 Forward GCATCTCACAGGCGGTTAAT 94 83.4 NM_183081.1
Reverse CCATGGTACAGGTCCAGCTT

MD-2 Forward GCCACCGTTTGGTACGACTA 106 75.2 AF 368418.1
Reverse  TTCCACGGCTTCCCTTCAAT

CD14 Forward CGTGAGCCACTGTAAAGGAA 94 79.6 NM_174008.1
Reverse GCACGCACACCATAGTCAGT

NOD1 Forward CAGTGGGGTGAAGGTGCTAT 102 76.2 XM_598513.4
Reverse ATGTACCTGGCTCCGACATC

NOD2 Forward GGCCCTTGAAAAGAATGACA 95 77.8 NM_001002889.1
Reverse TGGTATCCTGGTGGCTGAGT

B-ACTIN Forward TCAAGGAGAAGCTCTGCTACGTG 121 84.6 NM_173979.3
Reverse  TTGCCGATGGTGATGACCT

GAPDH Forward TTCTGGCAAAGTGGACATCGT 121 79.8 NM_001034034.2
Reverse  GCCTTGACTGTGCCGTTGA
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RT-gPCR was performed using 2.5uL of cDNA,
10 mM of each primer and 12.5uL of SYBR
Green PCR Master Mix (Applied Biosystems,
Sdo Paulo, Brazil). A final volume of 25 pL per
reaction was amplified in a StepOnePlus
RT-qPCR System (Applied Biosystems, Sao
Paulo, Brazil), considering the parameters: 50°C
for 2 min, 95°C for 10 min, followed by 40
cycles of 95°C for 15 s and 60°C for 1 min.
B-actin and GAPDH (glyceraldehyde
3-phosphate  dehydrogenase) were used as
reference genes. Melting curves were analyzed to
ensure specific amplification of target transcripts.

Data referring to time required for uterine
involution were submitted to a normality test
(Kolmogorov-Smirnov) and then compared by
the Student’s t test. Frequencies of uterine
infections were compared using the Fisher’s
exact test. Transcription data were analyzed by
the 2" method (Livak and Schmittgen, 2001).
Mann Whitney’s test was used to compare delta
Ct values between Gyr and F1 cows, whereas the
Wilcoxon’s test was used to compare delta Ct
values between the two time points postpartum.
A difference of 3.3 Cts (n) between the target
gene and B-actin or GAPDH corresponded to 10"
time’s lower numbers of the target gene (Martins
et al., 2011; 2016; Silva et al., 2012).
Non-parametric correlation of Spearman was
used to correlate endometrial gene transcription
levels with uterine involution. The GraphPad
Instat  software, version 3.10 (Graphpad
Software, San Diego, USA) and the SAEG
software, version 9.1 (Fundagdo Arthur
Bernardes, Vicosa, Brazil) were used for
statistical analyses. The level of significance was
5%.

RESULTS AND DISCUSSION

This study described the profile of endometrial
transcription of pathogen recognition receptors in
Gyr and crossbreed F1 Holstein x Gyr cows. To
the best of our knowledge, this is the first time
that transcription of these genes was evaluated
during the first week postpartum in these breeds.
Ct values for p-actin were more stable than those
of GAPDH (coefficients of variation were 10.3%
and 11.6%, respectively). Therefore, p-actin was
selected as normalizing gene for calculating
relative transcript levels of TLRs 1/6, 2, 4, 5, and
9; NODs 1 and 2; and coreceptors CD14 and
MD-2 in Gyr cows and F1 Holstein x Gyr cows.
There were no significant differences (P>0.05) in
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transcription levels of the microbial molecular
patterns receptors between Gyr and F1 cows
(Figure 1).

The notion that these genetic backgrounds have a
diverse profile of uterine innate immunity was
further supported by the finding that Gyr had a
significant  (P<0.05) decrease in TLR5
transcription from the first to the seventh day
postpartum, whereas F1 cows had a significant
increase in TLR9 transcription during the same
period. TLR5 is located extracellularly and
recognizes flagellin, which is a structural
component of the flagellum in flagellated
bacteria (Hayashi et al., 2001; Smith et al.,
2003), whereas TLR9 is located intracellularly
and recognizes unmethylated CpG dinucleotides
that are found in Gram-positive and Gram-
negative bacteria (Griebel et al., 2005; Dalpke et
al., 2006). Previous reports indicated that
genotypic and phenotypic factors modulate the
uterine defense mechanisms in cows (Horne et
al., 2008; Sordillo et al, 2009), and
a study verified that endogamy also interfere
with immune parameters of Zebu cattle (Macédo
et al., 2014). Hypothetically, decreased
transcription of TLR5 could increase
susceptibility to flagellated bacteria in Gyr cows
at 7 days post partum, whereas increased
transcription of TLR9 could be associated with
resistance against bacteria located intracellularly
in the endosomal compartment (Janeway and
Medzhitov, 2002). Importantly, a recent study
described profiles of endometrial transcription of
pathogen receptors in Holstein postpartum cows
(Martins et al., 2016), which seems to be distinct
from these observed in Gyr and F1 cows.

Here we focused on transcription of genes
related to innate immunity in the uterus.
However, environment may have a major impact
on the manifestation of genetic factors that
modulate immunity (Pinedo et al., 2013).
Therefore, it is noteworthy that in this study
husbandry protocols were slightly different
between the two genetic backgrounds studied.
For instance, Gyr cows were kept in the pasture
and were handled only once a week for
sampling, while the F1 cows were handled twice
a day for milking. Cows submitted to different
husbandry protocols may have different uterine
microbiota during the early postpartum (Noakes
et al., 1991; Potter et al., 2010; Bicalho et al.,
2012), which may influence expression of genes
related to innate immunity.
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Figure 1. Transcription levels of toll-like receptors (TLRs) 1/6, 2, 4, 5 and 9; NOD-like receptors 1 and 2;
and coreceptors MD-2 and CD14 (mean + standard error) in the endometrium of Gyr (A) and F1 Holstein
x Gyr (B) cows. Dark and light gray columns correspond to the first and seventh days postpartum,
respectively. * Statistically significant differences (Wilcoxon’s test, P<0.05).
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Gyr and F1 cows had low incidences of uterine
infections between the seventh and 42nd day
postpartum, with no statistically significant
differences (P>0.05) between these groups
(Table 2). Duration of uterine involution were
27.7 £ 10.1 and 25.1 + 4.7 days postpartum for

Gyr and F1 cows, respectively, without
statistically significant differences (P>0.05)
between these two groups. None of the Gyr cows
ovulated up to 42 days postpartum, whereas 50%
of F1 cows ovulated, in average, at 38.5 + 5.9
days postpartum.

Table 2. Uterine infection in Gyr and F1 Holstein x Gyr cows up to 42 days postpartum (dpp)

Cows 7 dpp 14 dpp

21 dpp 28 dpp 35 dpp 42 dpp

Gyr 0.0% (0/9)
F1 Holstein x Gyr

22.2% (2/9) 11.1% (1/9) 11.1% (1/9)
8.3% (1/12) 16.6% (2/12) 8.3% (1/12) 0.0% (0/12) 16.6% (2/12) 0.0% (0/12)

0.0% (0/9)  0.0% (0/9)

There were no statistically significant differences (Fisher’s exact text, P>0.05).

Establishment of uterine infections results from
an imbalance between the quantity and
pathogenicity of invading microorganisms and
uterine innate immunity (Noakes et al., 1991;
Potter et al., 2010; Bicalho et al., 2012). In this
study, only one F1 cow developed metritis in the
first week postpartum, which suggests that
uterine immunity was sufficient to prevent acute
infections. Until 42 days postpartum, Gyr and F1
cows had lower incidences of uterine infections
compared to that reported for Holstein cows
(Sheldon et al., 2009; Martins et al., 2013, 2016).
A recent study with Holstein postpartum cows
demonstrated higher transcription levels of TLR4
and CD14, which are relevant receptors for
sensing lipopolysaccharide endotoxin of Gram
negative bacteria. Cows with placental retention
had statistically significant decreases of these
two transcripts between the first and the seventh

day postpartum (Martins et al., 2016). Absence
of risk factors such as twin pregnancy, dystocia,
retained placenta, and early postpartum ovulation
may have contributed to low occurrences of
infections and rapid uterine involution in Gyr
and F1 groups in the current study.

There were significant (P<0.05) correlations
between some transcription levels and uterine
involution, which appear to be breed restricted
since they were not coincident in both groups
(Table 3). Higher transcription levels of TLR1/6
and NOD1 at the seventh day postpartum
correlated to longer period for uterine involution
in Gyr cows. In contrast, lower transcriptions of
TLR2 at the first day, and TLR1/6 and NOD?2 at
the seventh day postpartum, were correlated to a
longer period required for uterine involution in
F1 cows.

Table 3. Correlations (r) between transcription levels of TLRs 1/6, 2, 4, 5, and 9; NODs 1 and 2; and
coreceptors CD14 and MD-2 at the first and seventh days postpartum (dpp); and the time required for
uterine involution in Gyr and F1 Holstein x Gyr cows

Cows TLR1/6 TLR2 TLR4 TLR5 TLR9 NOD1 NOD2 CD14 MD-2

Gyr 1st dpp 0.19 -0.13 0.23 0.46 0.47 0.35 -0.04 0.08 0.00
7th dpp 0.77* 0.46 0.15 0.73 0.69 0.81* 0.27 0.23 0.05

F1 1st dpp -0.33 -0.75*  0.33 -0.33  -0.32 -0.44 -0.04 -033 -0.36
7th dpp -0.77* -0.32 0.04 -0.36 0.08 -048 -0.84* -0.62 -0.26

(*) Significant Spearman correlation (P < 0.05), high correlation (r > 0.70).

These findings open new perspectives for future
research since they indicate that innate
immunity-related genes are likely to play a role

determined pathogen recognition receptors have
been associated with uterine infection and
inflammation, a longer period required for
at the early postpartum, influencing the process uterine involution and subfertility (Chapwanya et
of uterine involution. These results are relevant al., 2009; Herath et al., 2009; Sheldon et al.,
considering that transcription levels of 2009).
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CONCLUSIONS

In conclusion, Gyr and F1 Holstein x Gyr cows
had similar levels of endometrial transcription of
TLRs 1/6, 2, 4, 5, and 9; NODs 1 and 2; and
coreceptors CD14 and MD-2 at the first and
seventh days postpartum. During this period,
there was a significant decrease in transcript
levels of TLR5 in Gyr cows, and an increase in
transcription of TLR9 in F1 cows. Importantly,
some of the pathogen recognition receptors
studied correlated significantly with the time
required for uterine involution.
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