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Dual effect of LEP -2548G>A (rs7799039) and LEPR Q223R (rs1137101)
polymorphisms as a risk factor for azoospermic male infertility in

Turkish population
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Abstract

Purpose: Infertility is the situation in which pregnancy
cannot be achieved despite unprotected sexual intercourse
within at least one year. Male infertility can range from the
entite absence of spermatozoa in the testicles
(azoospermia) to noticeable variations in sperm quality.
The patients with a mutation in the leptin (LEP) gene have
been reported to be infertile and the patients with a
mutation in the Leptin Receptor (LEPR) gene were shown
to lack pubertal development. This study was performed
to state if there is a relationship between azoospermic male
infertility and LEP gene -2548G>A and LEPR gene
Q223R polymorphisms.

Materials and Methods: One hundred thirty-seven
azoospermic infertile men and a hundred fertile men were
included in this study. DNAs obtained from peripheral
blood of participants were analyzed by polymerase chain
reaction (PCR) along with restriction fragment length
polymorphism (RFLP) technics..

Results: In terms of LEP -2548G>A (rs7799039) and
LEPR Q223R (rs1137101) polymorphisms, no statistically
remarkable distinction was observed in the genotype and
allele distributions of azoospermic infertile and fertile men.
In the composite genotype analysis, it was determined that
the GGQR composite genotype was approximately 9
times more common in azoospermic infertile men than in
fertile men (8.8% vs. 1.0%).

Conclusion: It has been determined that LEP -2548G>A
and LEPR Q223R polymorphisms may have a dual effect
in azoospermic male infertility. We believe that more
efficient and precise results can be obtained by conducting
these studies in larger populations.

Keywords: Azoospermic male infertility, LEP, LEPR,
57799039, rs1137101.

Oz

Amag: Infertilite, korunmastz cinsel iliskiye ragmen en az
bir yil icerisinde gebelik elde edilememesi durumudur.
Erkek kisithig, testislerde hi¢ sperm olmamasindan
(azospermi)  sperm  kalitesindeki  gézle — gOrilir
degisikliklere kadar degisebilir. Leptin (LEP) geninde
mutasyon olan hastalarin infertil oldugu, Leptin Reseptor
(LEPR) geninde mutasyon olan hastalarin  puberte
gelisiminin olmadig1 gosterilmistir. Bu ¢alisma azospermik
erkek infertilitesi ile LEP geni -2548G>A ve LEPR geni
Q223R polimorfizmleri arasinda bir iliski olup olmadigint
ortaya koymak amaciyla yapilmistir.

Gereg ve Yontem: Bu calismaya 137 azospermik infertil
erkek ve 100 fertil erkek dahil edildi. Katiimeilarin
periferik kanlarindan elde edilen DNA'lar, polimeraz zincir
reaksiyonu (PCR) ile bitlikte restriksiyon fragman uzunluk
polimorfizmi (RFLP) teknikleri ile analiz edildi.

Bulgular: LEP -2548G>A (rs7799039) ve LEPR Q223R
(rs1137101) polimorfizmleri agisindan azospermik infertil
ve fertil erkeklerin genotip ve alel dagilimlarinda
istatistiksel olarak dikkat ¢ekici bir farkldik gdzlenmedi.
Kompozit genotip analizinde GGQR  kompozit
genotipinin azospermik infertil erkeklerde fertil erkeklere
gore yaklasik 9 kat daha fazla oldugu belirlendi (8.8% vs.
1.0%).

Sonug: LEP  -2548G>A  ve LEPR  Q223R
polimorfizmlerinin azospermik erkek infertilitesinde ikili
ctkiye sahip olabilecegi belitlendi. Bu c¢alismalarin daha
genis popillasyonlarda yapilmastyla daha etkin ve kesin
sonuglara ulagilabilecegine inantyoruz.

Anahtar kelimeler: Azospermik erkek infetilitesi, LEP,
LEPR, 157799039, rs1137101.
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INTRODUCTION

Infertility is the inability to achieve pregnancy despite
unprotected sexual intercourse in at least one year!.
Infertility is divided into primary and secondary
infertility. The complete absence of pregnancy is
primary infertility. Secondary infertility is the inability
to get pregnant without any protection after at least
one previous successful pregnancy. The source of
infertility can be either gender. According to scientific
evidence, the top causes of infertility include 30%
male, 20% ovulatory, 20% tubal/peritoneal, 5%
uterine/cervical, and 25% unexplained factors?. Male
infertility, which affects about 7% of men, is a
challenging, multifaceted pathological condition with
a wide range of phenotypic vatiations, from the total
lack of spermatozoa in the testicles (azoospermia) to
observable  deviations in  sperm  quality>*
Azolospermia can be detected in 1% of male cases
and in 15%—20% of patients evaluated for infertility>.

The leptin (LEP) gene encodes a protein excreted
into the circulation by white adipocytes and this
protein mainly arrange energy homeostasis. The LEP
gene, that has 3 exons, is located on the human
chromosome 7q32.1¢. When circulating LEP binds to
the leptin receptor (LEPR), signaling pathways that
promote energy expenditure and discourage nutrient
intake are activated. This protein also has a variety of
endocrine functions, including reproduction. LEP
has been shown to have influences on the
reproductive system and sperm function of men by
organizing  the  hypothalamic-pituitary-gonadal
(HPG) axis’. Several studies have demonstrated that
LEP stimulates the production of follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and
gonadotropin release hormone (GnRH).%9. Infertile
male patients have been shown to have high LEP
concentrations!®. Variants in the LEP gene's
regulatory region may impact the level of LEP
because LEP gene mutations have been linked to
infertility'!. The LEP gene promoter polymorphism,
-2548G>A (1s7799039), is one of the frequent one.
An association between high LEP levels in blood and
this polymorphism was reported in previous
studies!>13. Male infertility has previously been linked
to the LEP gene -2548G>A polymorphism!.

LEPR is a member of the gp130 cytokine receptor
family, which is known for activating cytosolic signal
transducer and activator of transcription (STAT)
proteins to stimulate gene transcription!®. LEPR
gene, which has 24 exons, is located on human
chromosome 1p31.3'%. LEPR protein, which is a
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receptor for leptin, is included in the arrangement of
fat metabolism. Some studies have reported a
relationship between sperm capacitation, counts and
motility,  testicular  volume, spermatogenesis,
testosterone and LEP and LEPR genes!"18. It was
shown that patients with mutations in the LEPR gene
have deficient pubertal development!. One of the
prevalent polymorphisms, Gln223Arg, is situated in
the extracellular region of the LEPR (Q223R,
rs1137101). It has been reported that this
extracellular domain is associated with LEPR activity
and correct folding, and Q223R polymorphism
reduces the leptin-binding quality?'.

Because previous research has suggested a
telationship between LEP/ILEPR genes and sperm
capacitation, counts and motility, testicular volume,
spermatogenesis, testosterone, in this study we aimed
to investigate the potential association between LEP
gene -2548G>A (1s7799039) and LEPR gene Q223R
(rs1137101) polymorphisms and azoospermic male
infertility in a Turkish population.

MATERIALS AND METHODS
Participants

One hundred and thirty-seven infertile men who
were examined and diagnosed with idiopathic
azoospermia in  Urology Clinic of Tokat
Gaziosmanpasa  University Research ~ Hospital
between 2009 and 2019, were included in this study.
The DNA of these 137 azoospermic infertile males
was routinely extracted from blood samples for Y

chromosome microdeletion analysis, and no
alterations were discovered in the Laboratory of
Medical Biology Department. The patients'

endocrine profiles (FSH, LH, testosterone), physical
examination, in-depth medical history, semen
analysis, and standard hematological and biochemical
testing were all used to evaluate the patients. We
excluded infertile men with chromosomal
abnormalities, vas deferens agenesis, obstructive
azoospermia, testicular trauma, testicular torsion, or
a history of undescended testes from the study. The
consent form was signed by 137 azoospermic infertile
malesduring the routine examination. The control
group includes 100 fertile males who had at least two
children each willingly volunteered to participate in
the study and completed the consent form. They had
no known inherited or chronic illnesses. By the help
of G*power 3.1.9.4 program, using chi-square test
family, with 80% power, 5% toleration and 0.20
effect size, 237 samples were determined for the
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study. All study participants were chosen from
Tutkey's intetior Central Black Sea region. Tokat
Gaziosmanpasa University Clinical Research Ethics

Committee was approved the study (Approval no:
19-KAEK-179).

Genotyping

To extract genomic DNA from peripheral blood
cells, a commercial DNA isolation kit (Invitrogen
Life Sciences, Carlsbad, CA) was used. To decide the
genotypes of LEP gene -2548G>A (rs7799039) and
LEPR gene Q223R (rs1137101) polymorphisms,
polymerase chain reaction (PCR) along with
restriction fragment length polymorphism (RFLP)
techniques were applied. Forward 5-TTT CCT GTA
ATT TTC CCA TGA G-3" and reverse 5-AAA
GCA AAG ACA GGC ATA AAA A-3" primers
were used for PCR analysis of the 242 bp region in
the LEP gene. The following PCR conditions were
used: at 94°C for 4 min; subsequent to 30 cycles at
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94°C, 52°C, and 72°C for 45 s; and in the end at 72°C
for 5 min. After digestion with Hhal (New England
Biolabs) restriction endonuclease, 182 and 60 bp for
GG genotype; 242, 182 and 60 bp for GA genotype
were recorded (Figure 1). The presence of the AA
genotype did not cause a difference in the size of the
PCR product. Forward 5-AAA CTC AAC GAC
ACT CTC CTT-3" and reverse 5-TGA ACT GAC
ATT AGA GGT GAC-3' primers were used for PCR
analysis of the 80 bp region in the LEPR gene. The
PCR conditions were as follows; 3 min at 95°C;
subsequent to 35 cycles of at 94°C for 30 s, at 55°C
for 38 s, and at 72°C for 45 s; and finally 5 min at
72°C. After digestion with Mspl (Thermo Scientific)
restriction endonuclease, 57 and 23 bp for RR
genotype; 80, 57 and 23 bp for QR genotype were
recorded (Figure 2). The existence of the QQ
genotype did not affect the size of the PCR product.
For results where we were in doubt, we performed
second PCR and RFLP.

242 bp
182 bp
6l bp

Figure 1. RFLP results of LEP gene -2548 G>A polymorphism. Wells 1, 2, 3, and 11 show GA heterozygous
genotype, wells 6, 8, 9, and 10 show AA homozygous genotype, wells 4, 5, and 7 show GG homozygous genotype. M:
pUC Mix Marker. The DNA Matker contains the following 13 fragments (in base pairs): 1118, 881, 692, 501/489, 404,
331, 242,190, 147, 111/110, 67.

Figure 2. RFLP results for the LEPR gene Q223R polymorphism. Wells 1, 2, 3, 6,7, 8, 9, 10 and 12 show QR
heterozygous genotype, wells 4 and 5 show QQ homozygous genotype, and well 11 shows RR homozygous genotype
(23 bp is not observed). M: pUC Mix Marker. The DNA Marker contains the following 13 fragments (in base pairs):
1118, 881, 692, 501/489, 404, 331, 242, 190, 147, 111/110, 67.
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Statistical analysis

By chi-square (y?) test, Hardy Weinberg equilibrium
(HWE) was estimated for each polymorphism to
analyze the discrepancy of the study groups.
Statistical Package for the Social Sciences IBM SPSS
Statistics, version 20) and OpenEpi Info software
package version 3.01 (www. openepi.com) were
applied for statistical evaluation. The y? test was used
to evaluate the genotype and allele distributions for
both polymorphisms in infertile and fertile males. For
comparative analysis of combined genotypes of LEP
and LEPK gene polymorphisms, y? or Fischet’s exact
tests were performed. One-way analysis of variance
(ANOVA) was used to link the genotypes of each
polymorphism with the clinical features of infertile
males. 95% confidence intervals (CI) and odds ratio
(OR) were used to determine the risk factors. The p
values of 2-tailed were used and values with p<0.05
were regarded as meaningful.

RESULTS

The average age of 137 azoospermic infertile men
was 32,39£6,682 and the average age of the 100
fertile men was 41,52£7,826. The genotype and allele
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distributions of the LEP and LEPR gene
polymorphisms in infertile and fertile men were
identified, as shown in Table 1. When the genotype
and allele distributions of the infertile and fertile
groups were analyzed, no statistically significant
association between infertility and LEP gene -2548
G>A polymorphism was found (p=0.246 and
p=0.343, respectively). No statistically significant
difference between infertile and fertile men was
found when GG vs GA+AA or GG+GA vs. AA
were evaluated (p=0.103 and p=0.870, respectively)
(Table 1). Variant dispersion of the infertile and
fertile groups were in agreement with HWE (p=0.256
and p=0.408, respectively). No statistically significant
associaiton was observed between azoospermic male
infertility and the LEPR gene Q223R polymorphism,
after comparison of the genotype and allele
distributions of infertile and fertile groups (p=0.616
and p=0.376, respectively). When QQ vs QR+RR
and QQ+QR vs RR were evaluated, there was no
statistically significant difference between the two
groups (p=0.330 and 0.683, respectively) (Table 1).
Variant distributions of the infertile and fertile groups
were in agreement with the HWE (p=0.487 and
p=0.175, respectively).

Table 1. Genotype and allele frequencies of LEP and LEPR gene polymorphisms in infertile and fertile men

Gene Infertile men Fertile men P OR (95% Cl)

(Polymorphism) n=137 (%) (n=100)

LEP (-2548 G>A) HWE p=0.408 HWE p=0.256

Genotypes

GG 24 (17.5) 10 (10.0) 0.246

GA 61 (44.5) 51 (51.0)

AA 52 (38.0) 39 (39.0)

GG : GA+AA 24:113 10: 90 0.103 0.52 (0.24 - 1.15)
GG+GA: AA 85: 52 61: 39 0.870 0.96 (0.56 - 1.62)
Allel

G 109 (39.8) 71 (35.5) 0.343 0.83 (0.57 - 1.21)
A 165 (60.2) 129 (64.5)

LEPR (Q223R) HWE p=0.175 HWE p=0.487

Genotypes

QQ 49 (35.8) 42 (42.0) 0.616

QR 72 (52.6) 48 (48.0)

RR 16 (11.7) 10 (10.0)

QQ: QR+RR 49: 88 42: 58 0.330 1.3 (0.76 - 2.21)
QQ+QR: RR 121: 16 90: 10 0.683 1.19 (0.52 - 2.74)
Allel

Q 170 (62.0) 132 (66.0) 0.376 1.19 (0.81 - 1.74)
R 104 (38.0) 68 (34.0)

Data were analyzed by %2 test. HWE, Hardy Weinberg Equilibrium; LLEP, Leptin; LEPR, Leptin receptor
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The frequencies of composite genotypes of LEP -  GG/QR composite genotype approximately 9 times
2548 G>A / LEPR Q223R polymorphisms were  more frequently than fertile men. (8.8% vs. 1.0%,
also compared between infertile and fertile men  p=0.007).

(Table 2). Infertile males were found to have the

Table 2. Comparative analysis of combined genotypes of infertile and fertile men

Infertile men Fertile men P
(n=137) (n=100)

Genotypes n | % n | %

-2548G>A / Q223R

GG/QQ 8 5.8 8 8.0 0.513
GG/QR 12 8.8 1 1.0 0.007
GG/RR 4 2.9 1 1.0 0.360
GA/QQ 25 18.2 21 21.0 0.597
GA/QR 31 22.6 22 22.0 0.909
GA/RR 5 3.6 8 8.0 0.146
AA/QQ 16 11.7 13 13.0 0.759
AA/QR 29 21.2 25 25.0 0.487
AA/RR 7 5.1 1 1.0 0.093

Data were analyzed by y2 or Fischer’s exact tests. Data that is statistically significant typed in bold

After corporation of age and clinical characteristics polymorphisms, no statistically significant
(FSH, LH, Prolactin, Estradiol, Total testosterone) of associations were observed as shown in Table 3
infertile men with LEP and LEPR gene (p>0.05)

Table 3. Clinical characteristics of infertile men stratified according to LEP and LEPR gene polymorphisms

LEP (-2548 G>A) LEPR (Q223R)
Characteris Total GG GA AA P QQ QR RR P
tics n=137 n=24 n=61 n=52 value n=49 n=72 n=16 value
Mean age 32.341+6.68 33.13%5.22 32.3617.48 32.08+6.35 0.819 31.73+6.43 32.90%7.15 32.06+5.25 0.630

(years)

FSH (IU / 15.57+17.54 | 20.41%£17.48 14.56+17.11 14.48+18.16 | 0.400 19.254+22.08 12.90£13.15 15.89+17.87 | 0.208
L)

LH (U /L) 8.59+7.72 10.85%6.67 7.81£6.32 8.42%9.34 0.331 9.97£10.02 7.70£6.06 8.25+5.54 0.353

Prolaktin 11.24+6.15 12.3417.64 12.16£6.06 9.56+5.13 0.170 10.86+6.51 11.37£5.52 11.92+7.63 0.874
(ng/ml)

Ostrodiol 23901329 | 2242%11.47 | 24.16%13.08 | 24.09%14.67 | 0.946 | 24.06+13.90 | 22.62+12.84 | 29.08+14.03 | 0.516
(pg / mL)

Total 3.6412.25 3.33+1.19 3.681+2.54 3.75+2.31 0.787 3.59+2.76 3.57+2.00 4.14+1.53 0.704
Testesteron

(ng / mL)

Data were analyzed ANOVA. mean F standard deviation values were given for all characteristics. FSH, Follicle stimulating hormone; LEP,
Leptin; LEPR, Leptin receptor LH, Luteinizing hormone

DISCUSSION patients evaluated for infertility>. LEP affects men's
sperm  function and reproductive system by
rearranging the HPG axis’. Infertile male patients was
reported to have elevated levels of LEP!Y. LEP shows
its effect by binding LEPR. Women were reportedly
more sensitive to the loss of LEPR in gonadotropic
cells than men?.

Infertility is the situation where the couples do not
get pregnant within 1 year despite having regular
sexual intercourse. The cause of infertility is divided
into three categories as female factor, male factor and
unexplained infertility. Male infertility accounts for
30% of all infertility cases?. Azoospermia can be
detected in 1% of male cases and in 15% to 20% of
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This study investigated the relationship between LLEP
-2548G>A and LEPR gene Q223R polymorphisms
and azoospermic male infertility. As a result of
genotype and allele comparisons, it was found that
these polymorphisms were not associated with
azoospermic male infertility individually, but when
evaluated together, they could be associated with
azoospermic male infertility. The GG/QR composite
genotype has been found to occur approximately 9
times more frequently in azoospermic infertile men
than in fertile men (p=0.007) and the co-existence of
these genotypes may predispose to azoospermic male
infertility. While the GG genotype of LEP -
2548G>A polymorphism causes a decrease in LEP
expression, the QR genotype of LEPR Q223R
polymorphism causes a decrease in LEP binding.
This dual effect may cause infertility by affecting
spermatogenesis.

When we searched the literature, two studies
addressing the connection between male infertility
and LEP and LEPR polymorphisms were found!'422.
One of them was carried out in Iranian population
and the other in Slovanian population.

In the study conducted with 150 infertile and 150
fertile male individuals in the Iranian population, no
relationship was found between LEPR gene Q223R
polymorphism and male infertility, but a significant
relation was determined between male infertility and
LEP gene -2548G>A polymorphism!4. AG genotype
frequency was fewer in infertile group than in fertile
group (p=0.004). For this reason, the AG genotype
suggested to have a protecting impact and maybe
approximately 3 (1/0.326) times reduce the risk of
male infertility. Previous investigations have
demonstrated that males with the AG genotype have
lower LEP levels than men with the AA genotype®.
In the study conducted in the Iranian population, it
was found that male infertiles with the genotypes AG
and GG had greater sperm counts than those with
the genotype AA (p<0.05). In line with this result,
there were also studies reporting a reverse association
between sperm counts and LEP gene expression!”.
The results of the study conducted in the Iranian
population is similar to the results of our study in
terms of LEPR polymorphism, but differs in terms
of LEP polymorphism. Khosropoura et al. did not
compare fertile and infertile male individuals in terms
of composite genotype in their study!®. Maybe if they
had made such a comparison, they would have found
a significant relationship like ours. In the study
conducted in the Iranian population, the clinical

374

Cukurova Medical Journal

values (LH, FSH, and T levels) of infertile male
individuals were compared with both LEP and
LEPR gene polymorphisms and no correlation was
found between them, in line with our findings.

In another case-control study conducted in the
Slovenian population, the association between male
infertility and eight polymorphisms, including LLEP -
2548G>A (ts7799039) and LEPR Q223R
(rs1137101) polymorphisms, were studied in 317
infertile men and 241 fertile men®2. Similar to our
findings, they did not find a relationship between
LEP -2548G>A and LEPR Q223R polymorphisms
and male infertility. Once more, there was no
connection between the clinical characteristics of
infertile patients and polymorphisms in the LEP and
LEPR genes that were identical to ours.

There were other studies investigating the association
between female infertility and LEP -2548G>A and
LEPR Q223R polymorphisms. These
polymorphisms were associated with infertility in
Iranian women with polycystic ovary syndrome?*.

Studies have reported that there are significant
associations between increased expression of leptin
and plasma secretion from adipocytes and LEP gene
promoter -2548G>A polymorphism!>?. The exonic
Q223R polymorphism of LEPKR gene causes an
alteration in the extracellular area of protein. It has
been noted that any modification in this domain can
impact LEP signaling since it is necessary for LEPR
proper folding and activity?>2°. This polymorphism
was associated with decreased connection of LEP
and consequently caused LEP resistance!2.

It has been reported that LEP shows a modulatory
act on glycolytic activity and acetate production of
human Sertoli cells by showing metabolic impacts on
male reproductive system. It has been reported that
Sertoli cells' glycolytic activity is necessary for normal
spermatogenesis, and LEP and LEPR may cleatly
arrange Sertoli cells' metabolic state to have an impact
on spermatogenesis?’’. The act of LEP and its
receptor can provide light on the relationship
between male infertility and obesity. In particular,
obesity-induced hormonal irregularity was linked to
decreased male fertility?®. Polymorphisms in the
LEPR gene could cause decrease in intracellular
signaling because of functional and structural
instability of the receptor which shows aberrant
reproductive roles in human?.

According to the findings of the literature
assessment, this study, which examines LLEP and
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LEPR gene variants in azoospermic male infertility,
is the third in the world and the sole study in Ttrkiye.
The main limitation of our study is the relatively small
sample size of azoospermic infertile men and fertile
controls.

In conclusion, we observed an association between
composite genotypes of LEP -2548G>A and LEPR
Q223R  polymorphisms and azoospermic male
infertility, in this research. GGQR composite
genotype may be a risk factor for azoospermic male
infertility. The action of LEP and its receptor can
shed light on how male infertility and obesity are
related. In our opinion, these studies should be
carried out in larger populations to get more accurate
and efficient results.

Author Contributions: Concept/Design : NK, MAE; Data acquisition:
NK, MAE, HR; Data analysis and interpretation: NK, MAE; Drafting
manuscript: MAE; Ciritical revision of manuscript: NK; Final approval
and accountability: NK, MAE, HR; Technical or material support: NK,
MAE; Supervision: NK, MAE, HR; Securing funding (if available): n/a.
Ethical Approval: Our study was approved by the local Ethics
Committee of Tokat Gaziosmanpasa University, Turkey on 11 October
2019 (Number: 19-KAEK-179).

Peer-review: Externally peer-reviewed.

Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support
Acknowledgement: This study is derived from Master of Science
thesis

REFERENCES

1.  Mahat RK, Arora M, Bhale DV, Holkar S, Kumar S,
Yadav T. Risk factors and causes of male infertility-a
review. Biochem Anal Biochem. 2016;5:1-5.

2. Agarwal A, Mulgund A, Hamada A, Chyatte MR. A
unique view on male infertility around the globe.
Reprod Biol Endocrinol. 2015;13:1-9.

3. Krausz, C. Male infertility: pathogenesis and clinical
diagnosis. Best Pract Res Clin Endocrinol Metab.
2011;25:271-85.

4. Tournaye H, Krausz C, Oates RD. Novel concepts in
the aetiology of male reproductive impairment. Lancet
Diabetes Endocrinol. 2017;5:544-53.

5. Sharlip ID, Jarow JP, Belker AM, Lipshultz LI,
Sigman M, Thomas AJ et al. Best practice policies for
male infertility. Fertil Steril. 2002;77:873—82.

6. Isse N, Ogawa Y, Tamura N, Masuzaki H, Mori K,
Okazaki T et al. Structural organization and
chromosomal assignment of the human obese gene. ]
Biol Chem. 1995;270:27728-33.

7.  Gonzalez-Afiover P, Encinas T, Torres-Rovira L,
Sanz E, Pallares P, Ros J et al. Patterns of corpora
lutea growth and progesterone secretion in sows with
thrifty genotype and leptin resistance due to leptin
receptor gene polymorphisms (Iberian pig). Reprod
Domest Anim. 2011;46:1011-6.

375

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

LEP and LEPR in azoospermic male infertility

Cunningham M]J, Clifton DK, Steiner RA. Leptin's
actions on the reproductive axis: perspectives and
mechanisms. Biol Reprod. 1999;60:216-22.

Ponzo O], Reynoso R, Rondina D, Szwarcfarb B,
Carbone S, Scacchi P et al. Effect of leptin on LH
levels and hypothalamic release of GnRH. Its
relationship with the hypothalamic neurotransmitter
amino acids system in adult male rats. Endocr Res.
2004;30:179-87.

Jahan S, Bibi R, Ahmed S, Kafeel S. Leptin levels in
infertile males. ] Coll Physicians Surg Pak.
2011;21:393-7.

Strobel A, Issad T, Camoin L, Ozata M, Strosberg
AD. A leptin missense mutation associated with
hypogonadism and morbid obesity. Nat Genet.
1998;18:213-5.

Hoffstedt ], Eriksson P, Mottagui-Tabar S, Atner P.
A polymorphism in the leptin promoter region (-2548
G/A) influences gene expression and adipose tissue
secretion of leptin. Horm Metab Res. 2002;34:355-9.
Su PH, Yang SF, Yu JS, Chen SJ, Chen JY. Study of
leptin levels and gene polymorphisms in patients with
central precocious puberty. Pediatr Res. 2012;71:361—
7.

Khosropour S, Hamidi M, Fattahi A, Khodadadi I,
Karami M, Fazilati M et al. Leptin and leptin-receptor
polymorphisms in fertile and infertile men. Syst Biol
Reprod Med. 2017;63:7-14.

Vaisse C, Halaas JL, Horvath CM, Darnell JE Jr,
Stoffel M, Friedman JM. Leptin activation of Stat3 in
the hypothalamus of wildtype and ob/ob mice but not
in db/db mice. Nature Genet. 1996;14:95-100.
Winick JD, Stoffel M, Friedman JM. Identification of
microsatellite matkers linked to the human leptin
receptor gene on chromosome 1. Genomics.
1996;36:221-2.

Ishikawa T, Fujioka H, Ishimura T, Takenaka A,
Fujisawa M. Expression of leptin and leptin receptor
in the testis of fertile and infertile patients. Andrologia.
2007;39:22-7.

Aquila S, Rago V, Guido C, Casaburi I, Zupo S,
Carpino A. Leptin and leptin receptor in pig
spermatozoa: evidence of their involvement in sperm
capacitation and survival. Reproduction.
2008;136:23-32.

Clément K, Vaisse C, Lahlou N, Cabrol S, Pelloux V,
Cassuto D et al. A mutation in the human leptin
receptor gene causes obesity and pituitaty
dysfunction. Nature. 1998;392:398-401.
Yiannakouris N, Yannakoulia M, Melistas L, Chan JL,
Klimis-Zacas D, Mantzoros CS. The Q223R
polymorphism of the leptin receptor gene is
significantly associated with obesity and predicts a
small percentage of body weight and body
composition variability. J Clin Endocrinol Metab.
2001;86:4434-9.

Akhter N, Catllee T, Syed MM, Odle AK, Cozart MA,
Haney AC et al. Selective deletion of leptin receptors



Akman Ekici et al.

22.

23.

24.

25.

in gonadotropes reveals activin and GnRH-binding
sites as leptin targets in support of fertility.
Endoctinology. 2014;55:4027—42.

Hodzi¢ A, Ristanovi¢ M, Zorn B, Tuli¢ C, Maver A,
Novakovi¢ I et al. Genetic variation in leptin and
leptin receptor genes as a risk factor for idiopathic
male infertility. Andrology. 2017;5:70-4.

Mammes O, Betoulle D, Aubert R, Herbeth B, Siest
G, Fumeron F. Association of the G-2548A
polymorphism in the 5' region of the LEP gene with
overweight. Ann Hum Genet. 2000;64:391—4.
Kargasheh FB, Ansaripour S, Borumandnia N,
Moradi N, Zandieh Z, Maleki M et al. Association of
leptin - G2548A  and leptin  receptor Q223R
polymorphisms and their serum levels with infertility
and recurrent pregnancy loss in Iranian women with

polycystic  ovary  syndrome.  PLoS  One.
2021;16:0255920.
Peelman F, Iserentant H, De Smet AS,

Vandekerckhove J, Zabeau L, Tavernier J. Mapping of
binding site III in the leptin receptor and modeling of

376

26.

27.

28.

29.

Cukurova Medical Joutrnal

a hexameric leptin. leptin receptor complex. | Biol
Chem. 2006;281:15496-504.

Saukko M, Kesiniemi YA, Ukkola O. Leptin receptor
Lys109Arg and GIn223Arg polymorphisms are
associated with early atherosclerosis. Metab Syndr
Relat Disord. 2010;8:425-30.

Martins AD, Moreira AC, Sa R, Monteiro MP, Sousa
M, Carvalho RA et al. Leptin modulates human Sertoli
cells acetate production and glycolytic profile: a novel
mechanism of obesity-induced male infertility?
Biochim Biophys Acta. 2015;1852:1824-32.

Alves MG, Jesus TT, Sousa M, Goldberg E, Silva BM,
Oliveira PF. Male fertility and obesity: are ghrelin,
leptin and glucagon-like peptide-1 pharmacologically
relevant? Curr Pharm. 2016;22:783-91.

Gandhi Muruganandhan S, Manian R. Computational
and artificial neural network based study of functional
SNPs of human LEPR protein associated with
reproductive  function. ]  Cell  Biochem.
2019;120:18910-26.



	Research
	Introduction
	Materials and methods
	Participants
	Genotyping
	Statistical analysis

	Results
	Discussion
	References

