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Introduction

Cystic ovarian follicles (COF) in dairy cows is one 
of the most common endocrine disorders [28] which is 
characterized by the presence of large follicle-like structures. 
The large follicle-like structures have at least a diameter of 
2.5 cm and they occur for more than 10 days in absence of 
corpora luteum [19, 25]. Its incidence has been reported to 
be from 18 to 29% in dairy cattle [23], and it is considered 
as a serious cause of reproductive failure [38]. In cattle, the 
pituitary gonadotropin luteinizing hormone (LH) plays a role 
in follicular development [21], ovulation [4], corpus luteum 
formation [42], and pre implantation embryonic development 
[2, 16]. In general, a dysfunction of the hypothalamus-
pituitary-ovarian axis, which leads to an abnormal release 

of gonadotropin-releasing hormone (GnRH) and LH is 
suggested as the main pathogenic mechanism of cystic 
structure development [28]. Thus, with a reduced release 
of LH and steroid production, the follicles would neither 
provide nor receive the necessary stimulation for ovulation 
which could lead to the development of follicular cyst [13]. 

With development of molecular and quantitative 
techniques, candidate gene approach has been widely 
used in genetic association, allowing to detect many genes 
controlling economic traits [34]. A candidate gene approach 
could allow to identify genes that can influence the COF 
response. Considering the main role of LH in ovulation, 
common genetic variation in luteinizing hormone /
chorionic gonadotropin receptor (LHCGR) may have a 
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RÉSUMÉ

Polymorphismes du gène du récepteur de l’hormone lutéinisante/
choriogonadotropine bovine (LHCGR) et son association avec les kystes 
folliculaires ovariens

Le gène récepteur de l’hormone lutéinisante/gonadotrophine chorionique 
(LHCGR) affecte la fonctionnalité de l’axe de reproduction et sa mutation est 
associée à une insuffisance ovarienne. Les objectifs de cette étude étaient: a) 
la vérification du polymorphisme probable du gène du LHCGR en utilisant 
une technique de polymorphisme de conformation monocaténaire (SSCP) 
et B) la comparaison des concentrations de l’hormone lutéinisante (LH) et 
de l’estradiol 17-bêta chez les vaches laitières de race Holstein atteintes de 
follicules kystiques (CFC, n=31) et les vaches saines (n=31). Le statut du kyste 
ovarien a été diagnostiqué cliniquement par un vétérinaire expert. L’ADN a 
été extrait des cellules sanguines par chloroforme-alcool isoamylique. Un 
fragment de 261 pb du gène LHCGR a été amplifié par PCR. Les produits 
de PCR ont été utilisés pour la SSCP. Une analyse par régression logistique 
a été appliquée pour trouver des fréquences de génotypes dans les groupes 
CFC et sains. Les fréquences des génotypes AA et BB étaient respectivement 
de 28,57% et 3,17% dans le groupe CFC et 6,35% et 31,75% chez les vaches 
saines. Ce travail suggère que les génotypes AA et BB ont une relation 
significative avec statut des kystes ovariens (p <0,001). Dans le groupe CFC 
avec le génotype AA, le niveau de 17-bêta-estradiol était significativement 
plus élevé que dans le groupe contrôle (p <0,05). Les teneurs en LH dans 
le groupe sain et CFC étaient respectivement de 4,45 ± 0,4 et 3,14 ± 0,2 ng/
ml. Les teneurs en 17-beta-estradiol dans le groupe CFC (7,77 ± 2,23 pg/
ml) était significativement plus élevé que le groupe contrôle (5,16 ± 1,02 pg/
ml). Cette étude démontre que des différences au niveau du gènee LHCGR, 
peuvent participer à la pathophysiologie des kystes folliculaires ovariens
chez les vaches Holstein.
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role in reproductive function. LHCGR is a member of the 
G protein-coupled receptors, which mediates the actions of 
LH and chorionic gonadotropin [20, 42]. Previous studies 
reported that ovulation [35] and luteinization [14] of 
dominant follicles in response to LH depend on LHCGR 
expression [22]. Adjustments of superovulation protocols 
related to LHCGR availability may increase the yield of 
bovine embryos [4]. In addition, four single-nucleotide 
polymorphisms (SNPs) in exon 11 of the LHCGR gene are 
associated with bovine superovulation traits [42], three SNPs 
in exon 11 of the LHCGR gene are associated with bovine 
fertility traits [15]. The 312N variant is associated with one 
of the most common SNPs, which manipulates the LHCGR 
gene products. According to [11], genetic polymorphisms 
such as SNPs might become the preferred predictive factors 
of COF response. So, knowledge of the LHCGR genotype may 
provide a means for predicting the confident concentrations 
of LH and 17-beta estradiol to prevent cystic ovarian disease 
in bovine. In the present study, LHCGR was chosen as a 
candidate gene to investigate its effects on cystic ovarian 
follicles by PCR-SSCP method. The aim was to evaluate the 
association of the bovine LHCGR gene with cystic ovarian 
traits in dairy cattle.

Materials ans methods

ANIMALS AND SAMPLES

All sampling was collected from April to July 2015, at a 
commercial dairy farm (East Azerbaijan), including 1800 
Holstein cows. Daily heat detection is performed by an expert 
person and estrous cows were inseminated at last 8 hours 
of the heat period. Milk production mean and conception 
rate for first service were 38 Kg/day and 65 percent in this 
farm respectively. For control of the reproduction status 
of newly calved cows, there were two tests: a) uterine test 
in 25 days post-partum, and b) ovary activity status for 
next insemination in 45 days post-partum. Cows were fed 
standard rations (total mixed ration) including mainly 
alfalfa, corn silage, beet pulp, cotton seed, soybean, corn 
and barley. In this study, 62 high producing dairy cattle were 
selected in their first to third lactations. Selection criteria 
for studied cattle included acceptable body condition score 
(BCS >= 2.5 in 0 – 5 scale) and general health during the 
various production stages in previous lactation. Mean of 
daily milk production of included cows was 30±2 kg. In this 
experiment, follicular ovarian cysts were diagnosed by an 
expert veterinarian using the following methods: a) touché 
rectal examination, existing follicular cyst at last two weeks 
without ovulation, b) ultrasound examination (having a 

diameter of at least 2.5 centimeters, real time B-mode linear 
array scanner with a 5 MHz transducer, SIUI, China), c) 
hormone assay. The animals were divided into two groups: a 
normal or healthy group which did not have any cysts (n=31) 
and another group which had follicular cysts (CFC) (n=31). 
CFC distinguishing was performed 45-60 days post-partum. 
Healthy cows were examined one week after insemination 
to verify ovulation status and existing of any corpus luteum.  
Blood samples (8-10 mL) were collected from the coccygeal 
vein with sterile vacuum tubes and sera were separated by 
centrifugation (2300 rpm for 15 min) and stored at -20 °C 
until the ELISA assay. Bovine LH (the intra- assay CV was 
7.21 %; specificity 100 %) and 17-beta estradiol (sensitivity 
8.2 pg/mL; specificity 100%) concentrations were measured 
in sera by ELISA kit (Monobind Inc. Lake Forest, CA 92630, 
USA). 

DNA EXTRACTION AND PCR CONDITIONS

Genomic DNA was extracted from the blood cells by 
chloroform-iso amyl alcohol method [29]. Extracted DNA 
was used as a template for PCR amplification by specific 
primers of bovine LHCGR as previously described [41]; data 
was shown in Table I. 

PCR reaction was carried out in 25 μl reaction using 
the master mix kit (Denmark, Ampliqon Company) with 
a T-Personal thermo-cycler (Biometera Personal Cycler 
Version 3.26 Co., Germany). The PCR mixture contained: 
50–100 ng  DNA, 2.5 μl  10X PCR buffer (200 mM (NH4) 
2SO4, 0.1 mM Tween 20%, 750 mM Tris- HCl (pH 8.8), 2.5 
mM MgCl2, 200 μMdNTPs, and 3 μl mix of oligonucleotids 
(10 pmol from each primer), 1U Taq DNA polymerase 
(Dream Taq polymerase, Ampliqon company) and 11 μl 
ddH2O. An initial denaturation step at 94 °C for 5 min and a 
total of 35 cycles was adapted for denaturation at 94 °C for 45 
sec, annealing at 64 °C for 45 sec and extension at 72 °C for 
45 sec, followed by a termination step with 72 °C for 10 min. 

5-7μl of the PCR products were electrophoresed at 85 V 
for 45 min in 2% agarose gels, and visualized under UV light. 
The power supply for electrophoresis was a PAC1000 (Bio-
Rad Co. USA).

SINGLE-STRANDED CONFORMATION POLYMORPHISM 
(SSCP)

3-5 µl of PCR product was mixed with 5 µl of the 
denaturation solution (95% formamide, 20 mmol=EDTA 

Primer Sequences Location Optimal performance 
Temperature(oC)

 (bp)

Forward 5’-ATTTACCAACCTCCTGGATGCC Intron 9 and 
exon 9

57.1 261bp

Reverse 5’-AGGAGGCACAGGACAGTTCGTT 56.7

Table I: Characteristics of PCR primers, Location,  Optimal performance Temperature and PCR products size.
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0.5 molar), and 2µl of the loading buffer containing 0.25% 
bromophenol blue and 0.25% xylene cyannol, denatured for 
10 min at 95 °C, and rapidly chilled on ice. Then prepared 
samples were electrophoresed in 10% polyacrylamide gel 
electrophoresis (PAGE). A thermostatically controlled 
refrigerated circulator was used to maintain constant 
temperature (4 °C) of the gels. The gels were run in the 
following conditions: 150V, 24mA, for 8-10 h. PAGE gels 
were stained by silver staining procedure as previously 
described [5].

Statistical Analysis

Gene frequencies were determined by direct counting, 
and Hardy–Weinberg equilibrium was analyzed using 
Chi-square test by SAS 9.2 software (SAS Inst. Inc., Cary, 
NC). Pearson correlation was estimated between 17- beta 
estradiol and LH serum concentrations. Logistic regression 
was applied to the gene substitution models for repeated 
binary measures of COF. The relationship between LHCGR 
genotypes and LH and 17-beta estradiol concentration with 
ovarian cysts was analyzed by General Linear Model of SAS 
9.2.  The fitted final statistical model was as following:

Yijk=µ+Gi +Agej+Lactk+ Gi*Agek+ Gi*Lactk+ Agej* Lactk+ 
Gi* Agej*Lactk+ eijk

Where yijk was phenotypic value of traits; μ was the mean 
population; Gi was fixed effect of genotype (i=1 to 5); Agej was 
fixed effect of age; eijk was random residual error, Agej= Age 
of animals (j= 2 to 5 years), Lactk= Lactation periods (k=1, 
2, 3), Gi*Agek ,Gi*Lactk , Agej* Lactk and Gi* Agej*Lactk= All 
interaction effects between age, genotype and lactation.

Results

LHGCR PCR

Genomic DNA extracted was used as template for 
polymerase chain reaction. A 260 bp fragment of LHCGR 
gene was successfully amplified using specific primers as 
shown in Figure 1. 

LHGCR SSCP-PCR

SSCP technique was run using PCR products and 
genotyping of the genetic patterns was considered. Finally 
five different genotype patterns were found which were 
named as AA, BB, CC, DD, and EE as shown in Figure 2. 

Totally from 62 studied animals, the frequency of 
genotypes patterns was calculated in order of AA, BB, CC, 
DD and EE genotypes respectively 34.92, 34.92, 6.35, 6.35 
and 11.11 %, (genotypes less than 3% were removed) as 
shown in Figure 3.  

LEVELS OF 17- BETA-ESTRADIOL AND LH 

Serum level of LH hormone (Figure 4) was significantly 
higher in the healthy group (4.45± 0.4 ng/ml) compared to 
CFC group (3.14± 0.2 ng/ml) (p<0.001). Furthermore, the 
level of 17-beta estradiol in CFC group (7.778±2.23 pg/ml) 
was significantly higher than healthy group (5.116±1.02 pg/
ml).  

Figure 1: PCR products of LHCGR gene. M; 100 bp DNA ladder, RTU 
(Cinna Gen Co, Iran). Lanes: 1, 2, 3 &4; PCR products of amplified 
LHCGR gene (260 bp).

Figure 2: Presentation of LHCGR gene genotype patterns using SSCP on 
10% polyacrylamide gel. Genotype patterns of AA, BB, CC, DD and 
EE were shown.

Figure 3: The frequencies of the AA, BB, CC, DD and EE genotypes (P< 
0.001). The error bars show the standard deviation of the means.
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A significant correlation exists between 17- beta estradiol 
and LH serum concentrations in the healthy and CFC group 
(r = 0.60 and - 0.72) respectively, (p<0.0001).

ASSOCIATION BETWEEN GENOTYPES AND 17- BETA 
ESTRADIOL, LH SERUM CONCENTRATIONS

The association of LHCGR genotypes with 17- beta 
estradiol and LH serum concentrations separately for each 
group of animals were shown in table III. Analysis of variance 
showed that the genotype has significant effect on LH and 17- 
beta estradiol concentrations (Table II). The average of the  
LH and 17- beta estradiol levels in the different genotypes are 
shown in Table III. 

Discussion

Luteinizing hormone chorionic gonadotropin (LHCGR) 
gene affects the functionality of the reproductive axis and 
mutation of the LHCGR has been associated with ovarian 
failure and cystic ovarian syndrome. LH is essential for 
normal reproductive functions, and is involved in ovulation 
and development of the corpus luteum in female [41].It has 
been reported that mutations in the LHCGR gene could 
affect reproductive ability. Finding an activating mutation 
of the LHCGR gene has been proposed to be involved in 
many gynecologic conditions, such as premature ovarian 
failure and superovulation traits [42]. In cattle, the future 
dominant follicles acquire LHCGR prior to the beginning of 
diameter deviation, and express more LHCGR mRNA and 
LH receptor protein relative to the subordinate follicles in the 
cohort [3, 12, and 33]. Specifically, FSH triggers granulosa 
cell proliferation, prevents atresia, induces the synthesis 
of luteinizing hormone (LH) and LHCGR receptors, and 
induces expression of the steroidogenic enzymes cytochrome 
P450 cholesterol side-chain cleavage (CYP11A1) and 
aromatase (CYP19A1) in a number of mammalian species 
including cattle [32], pigs [36, 26], rats [18], and humans 
[1,31]. In cattle, the future dominant follicles acquire LHCGR 
prior to the beginning of diameter deviation and express 

more LHCGR mRNA and LH receptor protein relative to 
the subordinate follicles in the cohort [3, 12, and 33]. Our 
study demonstrates, to the best of our knowledge, for the first 
time, that LHCGR, the candidate gene described for COF, 
may participate in the pathophysiology of cystic ovarian 
follicles COF by deviations in the methylation statuses of its 
promoter CpG sites in Holstein cows. Results of the current 
study provided additional evidence of an association between 
polymorphism in the LHCGR gene and 17-betaestradiol, LH 
serum concentrations. In this study, we report the descriptive 
statistics of healthy and cystic cows groups in Holstein breed. 
To our knowledge, this is the first report of polymorphism 
LHCGR gene in exon 9 which was evaluated for its significant 
association with the ovarian cysts in bovine.

A statistically significant association was detected when 
comparing the frequency of five genotypes of the studied 
LHCGR polymorphism with the presence of COF. The 
results showed that AA genotype is associated with ovarian 
cysts, as cows with AA genotype are cystic. So animal AA 
genotype increased risk of COF in the Holstein cows. 
Therefore, a missense mutation may change the structure of 
the intracellular region of the LHCGR and reduce the effect 
of LH to explain the functional relevance of this mutation to 
variation in response to superovulation and phenotype [39] 
which found that the decreased LHCGR methylation status 
was associated with COF. The tendency of LHCGR to be 
hypomethylated across different tissues and its corresponding 
expression level suggests that hypomethylation of LHCGR 
is a potential mechanism underlying susceptibility to COF. 
Mutlag et al (2015) indicated that the expression of the 
MMP-1/2 gene might be a risk factor of infertility in cows 
and might correlate with the hormonal profile [24]. The 
abnormal expression of the MMP-1/2 gene might be an 
important marker of ovarian follicular cysts in dairy cows 
[9]. The increased relative risk of COF, associated with the 
presence of 312N allele, suggests the opportunity of testing 
the genotype at LHCGR locus in patients affected by COF 
and their relatives. This information may be useful for 
COF families carrying the 312N variant because, in case of 
homozygosity for this allele, the probability of being affected 
by a condition in the COF clinical spectrum rises to about 
40%. It was concluded that the S312N variant of the LHCGR 
confers up to 2.7-fold increased risk of COF [6].

Four novel SNPs have been found in bovine LHCGR gene 
that has a correlation with the superovulation traits. LHCGR 
gene is a potential marker for superovulation response and 
can be used to predict the most appropriate dose of FSH for 
superovulation in Chinese Holstein cows [43]. It has been 
shown that mRNA levels of IGFBP3, IGFBP4, and PAPPA 
do not differ between dominant and subordinate bovine 
follicles and these mRNA levels do not change during final 
preovulatory follicular development in cattle [30]. Tabor et al 
(2002) reported that the LHCGR polymorphism contributes 
to significant difference of phenotype of COF, which suggests 
the LHCGR (rs2293275) polymorphism could be used as a 
relevant molecular marker to identify women at risk [35]. 

Figure 4: Serum LH hormone concentrations (ng/mL) and 17-beta estra-
diol concentrations (pg/mL)    (Mean± SD) in healthy and CFC group. 
Significant difference (p <0.05) was observed by Duncan test.
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Genetic selection to reduce the incidence of COF can be 
successful, despite the low heritability. By excluding bulls 
that sired daughters with cysts from breeding programs, cyst 
incidence was reduced by 50% over a 20-year period in a 
Swedish cattle population [17]. A number of studies around 
the world have attempted to identify relationships between 
genetic resistance to COF and various genes and genetic 
markers [37]. Thus, hyper functioning of the LH/LHCGR 
interaction can lead to premature arrest of follicle growth and 
thus anovulation.

Results of the current study provided additional evidence 
of an association between polymorphism in the LHCGR 
gene and LH, 17-beta estradiol. The plasma concentration of 
estradiol with AA genotype in CFC group had a significant 
correlation (p<0.05). Concentrations of LH in CFC were 
lower than the healthy cows and 17-beta estradiol levels 
in CFC were higher. This was consistent with results of 
the former research of [27, 23, 39], which confirmed the 
metabolic characteristics of high estradiol in COF cows 
and female patients. In a study performed by Wiltbank et 
al.,(2002) it has been shown that, hypothalamic insensibility 

Source df Sum of Squares Mean Square F value Pr>F
LH
Age 3 3.38 1.12 1.97 0.14
G 4 11.46 2.86 5.01 0.004
Age*G 5 4.38 0.87 1.53 0.21
Lact 2 1.19 0.59 1.04 0.36

Age*Lact 4 10.70 2.67 4.68 0.006
G*Lact 5 7.24 1.44 2.53 0.05

Age*G*Lact 3 1.67 0.55 0.98 0.42

17-beta estradiol

G 4 54.31 13.57 2.80 0.05

Age*G 5 25.09 5.01 1.04 0.41

Lact 2 1.72 0.86 0.18 0.83

Age*Lact 4 41.33 10.33 2.13 0.10

G*Lact 5 22.97 4.59 0.95 0.46

Age*G*Lact 3 1.08 0.36 0.07 0.97

Table II: Analysis of variance results for LH and 17- beta estradiol serum concentrations.

Genotypes N Mean Std Dev. Minimum Maximum
Healthy 17- beta estradiol AA

BB
CC
EE

4
20
1
6

3.88
4.96
4.50

3.978

1.92
1.99

0
1.97

1.90
1.02
4.50
2.30

6.43
8.95
4.50
7.57

LH AA
BB
CC
EE

4
20
1
6

4.60
4.60
4.59
4.42

1.03
1.49

0
1.36

4.36
3.59
4.59
4.04

4.76
7.31
4.59
4.77

CFC 17- beta estradiol AA
BB
CC
DD
EE

18
2
3
4
1

7.877
6.960
8.386
8.247
5.340

1.597
0.975
2.312
2.338

0

5.51
6.27
6.35
5.30
5.34

10.45
7.65
10.9
10.9
5.34

LH AA
BB
CC
DD
EE

18
2
3
4
1

3.19
3.78
2.86
2.98
3.51

1.37
0.52
0.58
0.38

0

2.09
3.77
2.18
2.36
3.51

3.72
3.8

3.27
3.77
3.51

Table III: Mean concentration of hormones LH (ng/ml) and 17- beta estradiol (pg/ml) for genotypes in healthy and CFC groups.
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causes an abnormal decrease or absence of the hormonal 
cascade that is necessary for the preovulatory LH peak and, 
consequently, continuous growth of the dominant follicle 
without ovulation is possible, resulting in a cyst of larger 
dimensions, luteinized or not. Estradiol concentration plays 
a pivotal role in the ovulation process. Therefore, the higher 
concentration of estradiol in the fluid of cystic follicles, 
relative to those in healthy dominant follicles, suggests 
disruption in the dialog between LH and estradiol hormone. 
Supporting this assumption, [8] suggested that a defective 
endocrine milieu, rather than follicular alteration in mRNA 
expression, might play an earlier role in cyst development. 
Also, the higher estrogen blood concentrations found in 
CFC compared to healthy  group, in turn, could contribute 
to a reduction in TSH pituitary synthesis, given the strict 
relationship between estrogens and the hypothalamic-
pituitary-thyroid axis inferred by De Lean et al (1997) and 
later confirmed by Böttner et al (2006)[10,7]. 

Conclusion

In practice, in absence of genomic data, LHCGR gene 
could be a potential marker for preventing COF response 
and can be used to predict the most appropriate mating of 
reproduction candidates for preventing COF occurrence 
in Holstein cows.  In perspective of study it is suggest to 
genotype a larger population with data of ultrasonography to 
confirm the lowest incidence of cyst. Furthermore, based on 
the results of this research, it may be to verify the possibility 
of considering LHCGR marker as a selection criteria of 
reproducing cows to achieve better performance of dairy 
cows in the long term.

Acknowledgments

This study was supported by University of Tabriz. The 
authors would like to thank the Azarnegin farm (East 
Azerbaijan) for their help in this research.

References

1. -  ADRIAENS I., CORTVRINDT R., SMITZ J.: Differential 
FSH exposure in preantral follicle culture has marked 
effects on folliculogenesis and oocyte developmental 
competence. Hum. Reprod., 2004, 19, 398-408.

2. -  AX R., ARMBRUST S., TAPPAN R., GILBERT G., 
OYARZO J., BELLIN M., SELNER D., McCAULEY T.: 
Superovulation and embryo recovery from peripubertal 
Holstein heifers. Anim. Reprod. Sci., 2005, 85, 71-80.

3. -  BAO B., GARVERICK H.A., SMITH G.W., SMITH 
M.F., SALFEN B.E., YOUNGQUIST R.S.: Changes 
in messenger ribonucleic acid encoding luteinizing 
hormone receptor, cytochrome P450-side chain 
cleavage, and aromatase are associated with recruitment 
and selection of bovine ovarian follicles. Biol. Reprod., 
1997, 56, 1158-1168.

4. -  BARROS C.M., ERENO R.L., SIMÕES R.A., 
FERNANDES P., BURATINI J., NOGUEIRA M.F.: 
Use of knowledge regarding LH receptors to improve 
superstimulatory treatments in cattle. Reprod. Fertil. 
Dev., 2009, 22, 132-137.

5. -  BASSAM B.J., CAETANO-ANOLLÉS G., GRESSHOFF 
P.M.: Fast and sensitive silver staining of DNA in 
polyacrylamide gels. Anal. Biochem., 1991, 196, 80-83.

6. -  BASSIOUNY Y.A., RABIE W.A., HASSAN A.A., 
DARWISH R.K.: Association of the luteinizing hormone/
choriogonadotropin receptor gene polymorphism with 
polycystic ovary syndrome. Gynecol. Endocrinol., 2014, 
30, 428-430.

7. -  BÖTTNER M., CHRISTOFFEL J., RIMOLDI G., 
WUTTKE W.: Effects of long-term treatment with 
resveratrol and subcutaneous and oral estradiol 
administration on the pituitary-thyroid-axis. Exp. Clin. 
Endocrinol. Diabetes, 2006, 114, 82-90.

8. -  CALDER M.D., MANIKKAM M., SALFEN B.E., 
YOUNGQUIST R.S., LUBAHN D.B., LAMBERSON 
W.R., GARVERICK H.A.: Dominant bovine ovarian 
follicular cysts express increased levels of messenger 
RNAs for luteinizing hormone receptor and 
3β-hydroxysteroid dehydrogenase Δ4, Δ5 isomerase 
compared to normal dominant follicles. Biol. Reprod., 
2001, 65, 471-476.

9. -  CAPALBO A., SAGNELLA F., APA R., FULGHESU 
A., LANZONE A., MORCIANO A., FARCOMENI 
A., GANGALE M., MORO F., MARTINEZ D. et 
al.: The 312N variant of the luteinizing hormone/
choriogonadotropin receptor gene (LHCGR) confers up 
to 2· 7‐fold increased risk of polycystic ovary syndrome 
in a Sardinian population. Clin. Endocrinol., 2012, 77, 
113-119.

10. -  DE LEAN A., FERLAND L., DROUIN J., KELLY P., 
LABRIE F.: 1977. Modulation of pituitary thyrotropin 
releasing hormone receptor levels by estrogens and 
thyroid hormones. Endocrinology, 1977, 100, 1496-
1504.

11. -  FAUSER B., DIEDRICH K., DEVROEY P.: Predictors 
of ovarian response: progress towards individualized 
treatment in ovulation induction and ovarian 
stimulation. Hum. Reprod., 2008, 14, 1-14.

12. -  GINTHER O., BEG M., DONADEU F., BERGFELT 
D.: Mechanism of follicle deviation in monovular farm 
species. Anim. Reprod. Sci., 2003, 78, 239-257.

13. -  GRADO-AHUIR J., AAD P., SPICER L.: New insights 
into the pathogenesis of cystic follicles in cattle: 
microarray analysis of gene expression in granulosa 
cells. J. Anim. Sci., 2011, 89, 1769-1786.

14. -  HAMPTON J., SALFEN B., BADER J., KEISLER D., 
GARVERICK H.: Ovarian follicular responses to high 
doses of pulsatile luteinizing hormone in lactating dairy 
cattle. J. Dairy Sci., 2003, 86, 1963-1969.

15. -  HASTINGS N., DONN S., DERECKA K., FLINT A., 
WOOLLIAMS J.: Polymorphisms within the coding 



Revue  Méd. Vét., 2017, 168, 7-9, 143-150

POLYMORPHISM OF LHCGR GENE AND OVARIAN FOLLICULAR CYSTS 149

region of the bovine luteinizing hormone receptor gene 
and their association with fertility traits. Anim. Genet., 
2006, 37, 583-585.

16. -  HOOIJER G., LUBBERS R., DUCRO B., Van 
ARENDONK J., KAAL-LANSBERGEN L., Van DER 
LENDE T.: Genetic parameters for cystic ovarian 
disease in Dutch Black and White dairy cattle. J. Dairy 
Sci., 2001, 84, 286-291.

17. -  HOOIJER G., Van OIJEN M., FRANKENA K., 
NOORDHUIZEN J.: Milk production parameters in 
early lactation: potential risk factors of cystic ovarian 
disease in Dutch dairy cows. Livest. Prod. Sci., 2003, 81, 
25-33.

18. -  Hunzicker-Dunn M., Maizels E.T.: FSH signaling 
pathways in immature granulosa cells that regulate 
target gene expression: branching out from protein 
kinase A. Cellular signalling., 2006, 18, 1351-1359.

19. -  LAPORTE H., HOGEVEEN H., SCHUKKEN Y., 
NOORDHUIZEN J.: Cystic ovarian disease in Dutch 
dairy cattle, I. Incidence, risk factors and consequences. 
Livest. Prod. Sci., 1994, 38, 191-197.

20. -  LIANG H., CHEN L., LIU Z., ZHOU X.: Expression of 
functional follicle-stimulating hormone receptor and 
luteinizing hormone/chorionic gonadotrophin receptor 
in oviduct and uterus in prepubertal gilts. Livest. Sci., 
2012, 148, 74-80.

21. -  LINDSEY B.R., MACLELLAN L.J., WHYTE T.R., 
KINDER J.E., MICHAEL J.D.: Differential requirement 
for pulsatile LH during the follicular phase and exposure 
to the preovulatory LH surge for oocyte fertilization and 
embryo development in cattle. Theriogenology, 2002, 58, 
1651-1662.

22. -  MINEGISHI T., NAKAMURA K., YAMASHITAS., 
IKEDA S., KOGURE K.: Regulation of human 
luteinizing hormone receptor in the ovary. Reprod. Med. 
Biol., 2008, 7, 11-16.

23. -  MUTINATIM., RIZZO A., SCIORSCI R.: Cystic 
ovarian follicles and thyroid activity in the dairy cow. 
Anim. Reprod. Sci., 2013, 138, 150-154.

24. -  MUTLAG A.M., WANG X., YANG Z., MENG J., 
WANG X., ZHANG J., QIN Z., WANG G., LI J.: Study 
on matrix metalloproteinase 1 and 2 gene expression 
and NO in dairy cows with ovarian cysts. Anim. Reprod. 
Sci., 2015, 152, 1-7.

25. -  PETER A., LEVINE H., DROST M., BERGFELT D.: 
Compilation of classical and contemporary terminology 
used to describe morphological aspects of ovarian 
dynamics in cattle. Theriogenology, 2009, 71, 1343-1357.

26. -  RANZENIGO G., CALONI F., CREMONESI F., 
AADP.Y., SPICER L.J.: Effects of Fusarium mycotoxins 
on steroid production by porcine granulosa cells. Anim. 
Reprod. Sci., 2008, 107, 115-130.

27. -  ROTH Z., BIRAN D., LAVON Y., DAFNI I., YAKOBI 
S., BRAW-TAL R.: Endocrine milieu and developmental 
dynamics of ovarian cysts and persistent follicles in 

postpartum dairy cows. J. Dairy Sci., 2012, 95, 1729-
1737.

28. -  RUDOWSKA M., BARAŃSKI W., SOCHA P., 
ZDUŃCZYK S., JANOWSKI T.: 2015. Treatment 
of Ovarian Cysts in Dairy Cows with Simultaneous 
Administration of GnRH and PGF2α has no Clear 
Advantage Over the Use of GnRH Alone. Bull. Vet. I. 
Pulawy, 2015, 59, 107-113.

29. -  SAMADI SHAMS S., VAHED S.Z., SOLTANZAD F., 
KAFIL V., BARZEGARI A., ATASHPAZ S., BARAR J.: 
Highly effective DNA extraction method from fresh, 
frozen, dried and clotted blood samples. BioImpacts, 
2011, 1, 183.

30. -  SANTIAGO C.A., VOGE J.L., AAD P.Y., ALLEND.T., 
STEIN D.R., MALAYER J.R., SPICER L.J.: Pregnancy-
associated plasma protein-A and insulin-like growth 
factor binding protein mRNAs in granulosa cells of 
dominant and subordinate follicles of preovulatory 
cattle. Dom. Anim. endocrinol., 2005, 28, 46-63.

31. -  SASSON R., RIMON E., DANTES A., COHEN T., 
SHINDER V., LAND‐BRACHA A., AMSTERDAM 
A.: Gonadotrophin‐induced gene regulation in human 
granulosa cells obtained from IVF patients. Modulation 
of steroidogenic genes, cytoskeletal genes and genes 
coding for apoptotic signalling and protein kinases. 
Mol. Hum. Reprod., 2004, 10, 299-311.

32. -  SILVA J., HAMEL M., SAHMI M., PRICE C.: Control of 
oestradiol secretion and of cytochrome P450 aromatase 
messenger ribonucleic acid accumulation by FSH 
involves different intracellular pathways in oestrogenic 
bovine granulosa cells in vitro. Reproduction, 2006, 132, 
909-917.

33. -  STEWART R., SPICER L., HAMILTON T., KEEFER 
B., DAWSON L., MORGAN G., ECHTERNKAMP 
S.: Levels of insulin-like growth factor (IGF) binding 
proteins, luteinizing hormone and IGF-I receptors, 
and steroids in dominant follicles during the first 
follicular wave in cattle exhibiting regular estrous cycles. 
Endocrinology., 1996, 137, 2842-2850.

34. -  TABOR H.K., RISCH N.J., MYERS R.M.: Candidate-
gene approaches for studying complex genetic traits: 
practical considerations. Nat. Rev. Genet., 2002, 3, 391-
397.

35. -  THATHAPUDI S., KODATI V., ERUKKAMBATTU 
J., ADDEPALLY U., QURRATULAIN H.: Association 
of Luteinizing Hormone Chorionic Gonadotropin 
Receptor Gene Polymorphism (rs2293275) with 
Polycystic Ovarian Syndrome. Genet. Test. Mol. 
Biomarkers, 2015, 19, 128-132.

36. -  URBAN R.J., GARMEY J.C., SHUPNIK M.A., 
VELDHUIS J.D.: Follicle-Stimulating Hormone 
Increases Concentrations of Messenger Ribonucleic 
Acid Encoding Cytochrome P450 Cholesterol Side-
Chain Cleavage Enzyme in Primary Cultures of Porcine 
Granulosa Cells. Endocrinology, 1991, 128, 2000-2007.



Revue  Méd. Vét., 2017, 168, 7-9, 143-150

ABDI (Z.) AND  COLLABORATORS150

37. -  URBANEK M.: The genetics of the polycystic ovary 
syndrome. Nat. Clin. Pract. Endocrinol. Metab., 2007, 3, 
103-111.

38. -  VANHOLDER T., OPSOMER G., DE KRUIF A.: 2006. 
Aetiology and pathogenesis of cystic ovarian follicles in 
dairy cattle: a review. Reprod. Nutri. Dev., 2006, 46, 105-
119.

39. -  WANG P., ZHAO H., LI T., ZHANG W., WU K., LI M., 
BIAN Y., LIU H., NING Y., LI G.: Hypomethylation of 
the LH/choriogonadotropin receptor promoter region 
is a potential mechanism underlying susceptibility to 
polycystic ovary syndrome. Endocrinology, 2014, 155, 
1445-1452.

40. -  WILTBANK M., GÜMEN A., SARTORI R.: 
Physiological classification of anovulatory conditions in 
cattle. Theriogenology, 2002, 57, 21-52.

41. -  YANG W.C., TANG K.Q., LI S.J., CHAO L.M., YANG 
L.G. Polymorphisms of the bovine luteinizing hormone/
choriogonadotropin receptor (LHCGR) gene and its 
association with superovulation traits. Mol. Biol. Rep., 
2012, 39, 2481-2487.

42. -  YONG Y., PANG Y., ZHAO H., XU X., WU Z., AN 
L., TIAN J.: Association of a missense mutation in the 
luteinizing hormone/choriogonadotropin receptor 
gene (LHCGR) with superovulation traits in Chinese 
Holstein heifers. J. Anim. Sci. Biotechnol., 2012, 3, 35.


