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ABSTRACT
Endometritis is one of the reproductive diseases that can cause disturbances of postpartum uterine health in
cattle. Therefore, identification of resistant genotypes to endometritis is essential. The objective of this study was
to evaluate the association between the single nucleotide polymorphism in the interleukin-8 receptor-α (CXCR1)
gene and the possibility of endometritis in Holstein dairy cows. For this purpose, blood samples were collected from
multiparous dairy cows with a history of clinical endometritis (n = 30), and normal, healthy cows as the control group
(n = 10). Deoxyribonucleic acid (DNA) was isolated from a blood sample. To determine genotype, the polymerase
chain reaction-restriction fragment length polymorphism technique (PCR-RFLP) was used. The results indicated the
presence of a different proportion of polymorphisms (G > C) in the CXCR1 gene in cows with clinical endometritis,
compared to the control group. Statistical analyses showed that there is a significant correlation between the incidence
of the disease and the CXCR1 genotype in nucleotide position 956. The incidence rate of clinical endometritis was
associated with the CXCR1.956 genotype; cows with genotype GC had a higher incidence of clinical endometritis
compared with cows with the GG genotype. Overall, the results showed that CXCR1 polymorphism could be a useful
marker for identification of resistant genotypes to endometritis in Holstein dairy cows.
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Introduction
Uterine infection is a significant disease affecting
the economic efficiency of dairy herds, and causing
infertility (LEBLANC et al., 2002; SHELDON
and DOBSON, 2004; GILBERT et al., 2005). The
outcome of uterine infection depends on the number
and virulence of the organisms present, (COHEN
et al., 1995), as well as the condition of the uterus

and its inherent defence mechanism (HUSSAIN
1989). The innate immune system functions as the
first line of defence during uterine infection, and
therefore plays a vital role in the early recognition
and elimination of invading microorganisms
(DHALIWAL et al., 2001; Sheldon et al.,
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2009). The use of immune markers is valuable to
reduce uterine infections in the body.
Interleukin 8 (IL-8) is the most critical
chemo-attractant for neutrophils, binding IL-8
to its receptors (CXCR1 and CXCR2) on the
neutrophil cytoplasmic membrane, influencing
neutrophil activation, stimulating chemotaxis, and
enhancing the phagocytosis and killing ability of
this cell (MITCHEL et al., 2003). The CXCR1
gene encodes one of the two receptors present on
polymorphonuclear leukocytes (PMNL) for IL8, known as chemokine (C-X-C motif) receptor
1 (CXCR1). The IL8-CXCR1 receptor-ligand
complex is responsible for several vital immune
responses, which include neutrophil migration,
increased host cell survival, and the modification
of cytokine profiles (KETTRITZ et al., 1998;
LAHOUASS et al., 2008; MITCHELL et al., 2003).
There is stable in vitro evidence that polymorphism
in CXCR1 such as c.735C>G (dbSNP ID:
rs208795699) affects the survival and migration
of bovine blood PMNL in response to IL-8
(PIGHETTI et al., 2012). The CXCR1 c.777C>G
has been investigated in relation to reproduction
diseases, but to date, no significant association has
been found (KOŚCIUCZUK et al., 2014).
CXCR1 has been associated with somatic
cell count, milk yield, subclinical and clinical
mastitis (KORMANN et al., 2012; LAHOUASSA
et al., 2008). Therefore, this gene is suggested
as a potential candidate marker for infection
(KETTRITZ et al., 1998). The level of IL8 is
connected in the literature with reproduction
disorders. Therefore, an examination of its receptor
with respect to reproduction traits could bring new
results. The present study aimed to investigate the
association between CXCR1 gene polymorphism,
and postpartum endometritis in dairy cattle.
Materials and methods
Animal. This study was carried out on registered
multiparous Iranian Holstein cows at the farm of
the Azarnegin milk and meat producing complex
in Tabriz, East Azerbaijan province, North Western
Iran. Two Hundred postpartum dairy cows were
examined once between 18 and 38 days after birth.
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Forty cows were allocated into two groups: cows
with a history of clinical endometritis (n = 30) and
cows without a history of endometritis (n = 10). All
cows were on the same farm and under the same
management conditions, with the lactation number
ranging from 3 to 8. Cattle were hygienically calved
in calving boxes and kept in single boxes for at least
10 days after delivery. The ration used for nutrition
was a combination of corn silage, alfalfa hay, and
concentrates.
Clinical examination. The cows were examined
at 18 to 38 DIM for clinical endometritis. After
inspection for the presence of fresh discharge around
the vulva, perineum or tail, if no discharge was
noticeable externally, a vaginal examination was
performed. After cleaning the cow's vulva with a
dry paper towel, a clean, lubricated and gloved hand
was inserted through the vulva. By palpation in all
directions in the vagina, the mucous contents of the
vagina were withdrawn manually for examination.
In relation to the colour and proportion of pus in
the mucus, the vaginal discharge was scored on a
scale of 0-3 (SHELDON et al., 2006; WILLIAMS
et al., 2005), 0 = normal uterine discharge, 1 =
flakes of purulent exudates in the uterine discharge,
2 = >50% of the uterine discharge is made up
of purulent exudates and 3 = haemorrhagic
uterine discharge mixed with purulent exudates
(SHELDON et al., 2006; WILLIAMS et al., 2005).
In all cows (normal and clinical endometritis),
ultrasonographic scanning was performed using a
5 MHz rectal linear probe (Easyscan, BCF, UK) to
assess ovarian structures, the diameter of the uterus,
echo texture, the thickness of the uterine wall and
intraluminal fluid accumulation.
DNA extraction and Polymerase Chain
Reaction-restriction fragment length polymorphism
(PCR-RFLP). Whole blood (10 mL per cow) was
collected from the coccygeal vein into vacutainer
tubes with EDTA (Becton Dickinson, Franklin
Lakes, NJ, USA), and stored at -20 °C for
subsequent DNA extraction. DNA from the blood
samples was extracted using a DNeasy Blood &
Tissue Kit (Qiagen, Germantown, MD, USA),
following the manufacturer’s instructions. The
concentration and purity of the extracted DNA was
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verified optically by a ND-1000 spectrophotometer
(Nanodrop Technology, Wilmington, DL, USA).
PCR was carried out on the extracted genomic
DNA for amplification of the CXCR1 gene (NCBI
Gen Bank number: HM013954.2). Sequences
of specific primers used were obtained from a
previous study (SZEBENI et al., 2006). PCR
amplification reaction was performed in 25 μL total
volume reaction containing: 12.5 µL of Taq DNA
Polymerase 2x Master Mix RED (Ampliqon A/S,
Stenhuggervej 22, DK-5230 Odense M, Denmark),
10 pmol of each primer CXCR1 (Forward:
5′-CTTCATCTTCCGGTGAGGCCTATCAAC-3′;
reverse:
5′-AAGGGAAGGGGACTTTCCTGGCTG-3′),
100 ng of each genomic DNA as template and
dH2O. The PCR programme was as follows: an
initial denaturation at 94 °C for 2 minutes, followed
by 40 cycles of 94 °C denaturation for 15 seconds,
62 °C annealing for 20 seconds, 72 °C extension for
60 seconds. After the last cycle, a 10 minute final
extension step at 72 °C was added. Template-free
water was used as a negative control.
Restriction fragment length polymorphism
(RFLP). 4 μL of amplified PCR products were
subject to restriction enzyme digestion reaction
by 1 unit of Hinf1 (5’-G↓ANT- 3’) restriction
endonucleases according to the manufacturer’s
instructions (Thermo Fisher Scientific, Waltham,
MA, USA). The digested DNA fragments were
run on 2% agarose gel, and then, for better
differentiation, RFLP products were run on 7%
polyacrylamide gel. RFLP products were confirmed
by 7% polyacrylamide gel electrophoresis
containing TBE 1x buffer at room temperature (1020 °C), and constant 8 W (120 V) for 6-7 h. Before
loading, 3μL of PCR product was mixed with 6 µL
of SSCP loading dye (95% deionized formamide
and 5% DNA Loading Dye 6x], denatured for 10
min at 95 °C, and snap cooled. SSCP bands were
visualized after staining by a fast and sensitive
silver method (BASSAM et al., 1991).
Statistical analyses. The Pearson χ2 test was
used to compare genotype distributions between
clinical endometritis and control cows. Statistical
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modelling using logistic regression was used
to calculate the relative risk (odds ratio - OR) of
genotypes for a case-control study. Odds ratios were
expressed together with a 95% confidence interval.
The relationships between different polymorphisms
and infections were only analysed for the mutation
+956 C>G. Group II (cows with no history of
uterine infections), was assumed to be the control,
and results were considered statistically significant
at P≤0.05.
Results
The targeted part of the CXCR1 gene was
successfully amplified as a 311 bp fragment
on 2% agarose gel (Fig.1). Based on the Hinf1
enzyme digestion pattern, two different alleles
were considered. In 11 animals out of 40 there
was only one restriction site corresponding to two
RFLP fragments with a size of 161bp and 150bp,
in stark contrast to 29 out of 40 animals, enzyme
digestion showed three distinct RFLP fragments
corresponding to 147pb, 150bp and 50bp (Fig.
2&3). Genotypic and allelic distribution for the
G956C polymorphisms are shown in Table 1.
The results of our study demonstrate the
existence of polymorphism within CXCR1 G956C
in the endometritis group. Dairy cows with and
without clinical endometritis were compared from
the point of view of the presence of polymorphism
within the CXCR1 G956C gene. The genotype
frequencies of the GC compared to GG for the
CXCR1 G956C polymorphism in dairy cows with
endometritis were significantly different from
those in the control group (P<0.001). There were
significant differences between the dairy cows
with endometritis and the control group regarding
the GG genotype frequencies, compared with GG
and GC for the CXCR1 G956C polymorphism
(P<0.0001). There was a statistically significant
difference between the C allele frequencies of dairy
cows with endometritis and the control group for
the CXCR1 G956C polymorphism (P<0.0001).
Overall, a significant association was observed in
two genetic models when all mutations were pooled
together (C versus G, GC versus GG and GC+CC
versus GG) (Table 1).
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Table 1. Allele and genotype frequencies for CXCR1 G956C in the cows suffered bovine endometritis and control
group
Allele’s frequencies, n (%)
Uterine infection (n = 30)
Controls (n = 10)
Total (40)
C versus G
GC versus GG
GC/CC versus GG

G allele
31 (51.6)
20 (100)
51 (63.75)
Pvalue <0.0001
Pvalue <0.0001
Pvalue<0.0001

C allele
29 (48.4)
0 (0)
29 (36.25)

Mutation type n (%)
GG
1 (3.3)
10 (100)
11 (27.5)

GC
29 (96.7)
0 (0)
29 (72.5)

CC
0 (0)
0 (0)
0 (0)

Genotypes distribution and allele frequencies in both groups were evaluated using chi-square test

Fig. 1. Electrophoresis of PCR products of the CXCR1
gene on 2% agarose gel. M: DNA marker 50bp
(Cinnagen co, Iran). Lanes 1-3: Amplified PCR product
by specific primer resulted in a 311bp fragment.

Fig. 2. RFLP fragments of the CXCR1 gene after
digestion with Hinf1 enzyme on 2% agarose gel.
LA: DNA Ladder 50 bp (Cinnagen co, Iran); Lanes
1-4: RFPL fragments (with three distinct fragments)
in the infected animals with clinical endometritis
(heterozygote type as a GC genotype). Lanes 5-6: RFPL
fragments in the healthy animals with the GG genotype.

Fig. 3. RFLP fragments in the CXCR1 gene after digestion with Hinf1 enzyme on 7% polyacrylamide gel. M:
DNA Ladder, 50-1500 bp (Cinnagen co, Iran); Lanes 1and 2: RFPL fragments in the infected animals with clinical
endometritis (heterozygote type).
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Discussion
Interleukin 8 levels have been associated with
several reproduction diseases, e.g., endometritis (
JECMINKOVA et al., 2018). Consequently, we
determined to examine the association of clinical
endometritis and its receptor (CXCR1 gene)
polymorphism. The results of this study showed
that there is a significant relationship between the
presence of polymorphism in the immunogenic gene
and endometritis in Holstein dairy cows. A previous
study reported the coexistence of CXCR1c.735
C>G polymorphism and the incidence of the uterine
diseases (metritis and endometritis), but did not find
any significant association (GALVãO et al., 2011).
Our findings showed the incidence rate of clinical
endometritis was associated with the CXCR1.956
genotype; cows with genotype GC had a higher
incidence rate of clinical endometritis compared
with GG cows. Some previous studies describe the
positive effect of the G allele in GG genotypes on
resistance to clinical mastitis (BAGHERI et al.,
2016). Conversely, earlier studies showed that cows
with genotype GG had an increased incidence rate
of clinical mastitis, and a decreased fertility rate
(VERBEKE et al., 2012; GALVãO et al., 2010;
PRYCE et al., 2004 ).
Therefore, it seems that polymorphisms in
different regions of the CXCR1 gene cause
interruptions in the ability of IL- 8 to bind to its
receptor (CXCR1), which may lead to interference
with the potential of IL- 8 to activate neutrophils
and neutrophil migration to the position of the
infection, and consequently a higher incidence
of reproductive diseases (RAMBEAUD and
PIGHETTI 2005; 2007).
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Sažetak
Endometritis je reproduktivna bolest koja može poremetiti poslijeporođajno zdravlje maternice u goveda,
stoga je važna identifikacija genotipova otpornih na tu bolest. Cilj ovoga istraživanja bio je procijeniti povezanost
između polimorfizma pojedinačnog nukleotida na genu interleukin-8 receptoru-α (CXCR1) i vjerojatnosti pojave
endometritisa u holštajnskih mliječnih krava. U tu su svrhu prikupljeni uzorci krvi mliječnih krava multipara s
kliničkim endometritisom u anamnezi (n = 30) i zdravih krava kao kontrolne skupine (n = 10). Iz uzoraka krvi
izolirana je DNA. Genotip je određivan metodom lančane reakcije polimeraze – polimorfizmom dužine restrikcijskih
fragmenata (PCR-RFLP). Rezultati upućuju na prisutnost različitih omjera polimorfizama (G > C) gena CXCR1 u
krava s kliničkim endometritisom u usporedbi s kontrolnom skupinom. Statistička analiza pokazala je znakovitu
korelaciju između incidencije bolesti i genotipa CXCR1 u poziciji nukleotida 956. Incidencija kliničkog endometritisa
bila je povezana s genotipom CXCR1.956; krave s genotipom GC imale su veću incidenciju kliničkog endometritisa
u usporedbi s kravama s genotipom GG. Općenito, rezultati pokazuju da bi polimorfizam CXCR1 mogao biti koristan
biljeg za identifikaciju genotipova otpornih na endometritis u holštajnskih mliječnih krava.
Ključne riječi: polimorfizam; CXCR1; endometritis; mliječne krave
_____________________________________________________________________________________________

Vet. arhiv 90 (6), 557-563, 2020

563

