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Abstract

To investigate whether LEP G2548A and LEPR GIn223Arg gene polymorphism associated with the
pathogenesis of unexplained infertility in north Indian population. This investigation randomly selected
229 female subjects of age group between 18 to 40 years (120 cases and 109 controls). At first, the
members were classified into fertile and infertile. Further, they are separated based on BMI, non-obese
(BMI: 18.5 to 24.5) and obese (BMI 2 25). The selected gene polymorphisms LEP G2548A and LEPR
GIn223Arg were analyzed by polymerase chain response (PCR) followed by restriction fragment length
polymorphism (RFLP). The univariate analysis reveals that Leptin, LEP G2548A and LEPR GIn223Arg
genotypes, the most significant predictor of unexplained infertility (all p<0.05). The logistic regression
analysis found that these three variables significant in multivariate analysis (all p<0.05) suggesting these
as significant and independent predictors of unexplained infertility. The allele frequency of both LEP
G2548A and LEPR GIn223Arg was found significantly different and higher in unexplained infertile than
fertile. Moreover, the phenotype frequency of both LEP G2548A and LEPR GIn223Arg was also found
significantly different and higher in unexplained infertile than fertile. G2548A was more frequent than
LEPR GIn223Arg. This study suggested that high Leptin level and risk genotype increases the risk of
infertility. Further investigations in other geographical region of India are to substantiate our finding.
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INTRODUCTION

The obesity gene that encodes leptin
was initially recognized by Freidman’s group in
1994 at Rocke Feller University’. Leptin is a 16kDa
peptide hormone, found on human chromosome
7921.3 which encoded by leptin gene (LEP).
In the circulation system LEP is discharged by
adipose tissue, that ties to leptin receptors that
encoded by the leptin receptor gene (LEPR) in
the hypothalamus and sign by means of the
Jinus kinase begin activator of transcription(JAK-
STAT) signal transduction pathway to censored
food intake and enhanced energy expenditure?.
In human LEPR maps to chromosomelp31 and
the protein has a five long and short isoform,
which have indistinguishable transmembrane
and extracellular domains but have different
cytoplasmic doman length?. Leptin is involved
in food intake regulation, immune functions
energy balance, and fertility®. Leptin can create
furthermore by human ovarian follicles-both in
cumulus and granulosa cells. It was certified at
mRNA and protein levels, human preovulatory
follicles express the leptin gene quality®. Besides,
it has been recognized that leptin may play a
significant role in menstrual cycle. Moreover,
ladies with anomalous articulation of the ob gene
product are prone to infertility and menstrual
irregularities®. Normally infertility is described as
year of unprotected coitus along with conception
and it is basic issue among reproductive age of
men and women’®, Few less study have been
carried out in infertile male and female population
to investigate the status of serum leptin. Around
30% of infertile couples after the traditional
diagnostic evaluation experience unexplained
infertility®. Negative diagnostic test outcomes
would be anticipated if female age were the reason
for interruption of fecundity, or when a defect be
present in spite of the fact that cannot be found
at present available tests. Even if diagnostic test
outcomes are normal, the prognosis for live birth
is just marginally better than that with different
causes of infertility®.

Leptin may affect on reproduction came
from the insight ob/ob mice (lack functional
leptin) or db/db mice (means leptin receptor lack)
are fertile, and failed to undergo normal sexual
development®. Recombinant leptin organization
to these rodents diminished body weight and

reestablished fertility to ob/ob mouse!**?, Similar
findings have also been reported in human®**4.Ina
reproductive medicine clinic up to 25% of patients
who present for investigation are diagnosed to
have unexplained infertility’®. 5 to 37% couples
are unexplained infertility of the total proportion
1619 A significant difference between unexplained
fertility and fertile female in serum leptin levels
recommends that Leptin might be associated with
pathophysiology of unexplained infertility®°.

SNPs (Single Nucleotide Polymorphisms)
is the most broadly recognized hereditary. SNPs
are single base substitution of the one nucleotide
with another all through the human genome,
in both exon (coding region) and entron region
(non coding region) variations among people?.
Researchers also found that the genes LEP and
LEPR have been linked for polymorphisms that
could possibly identify with the pathophysiology
of obesity and its difficulties?>. For example
Mammes et al. (1998) were the first to show that
the G2548A variation in the promoter of LEP gene
was associated with a reduction in BMI in obese
women?,

LEP gene SNP containing substitution of
nucleotide G to A at nucleotide - 2548 upstream
of the ATG begin site in this gene promoter. The
connection among G2548A (rs7799039) and with
regards to the LEPR polymorphism, the A to G
change in exon 6 at 668 nucleotides from the begin
codon 223 LEPR Q223R (rs1137101) was related
with impeded leptin-binding activity?> 2> 242, The
LEPR Q223R polymorphism has been related to
reduced BMI, blood pressure, leptin levels, and fat
mass?’, however, some different examinations are
in strife with these findings®® 3. There are a couple
of studies dealing with the connection between
LEP G2548A and LEPR GIn223Arg polymorphisms,
obesity and daily energy intake. Significantly more
important, these linked are showing up in a racial
dependent design323*. Likewise, the relationship
of G2548A and GIn223Arg gene polymorphism
with unexplained infertility among Indian has not
been examined till date. Leptin plays vital role
in reproductive biology of humans, especially in
ovulation, and spermatogenesis. An alteration in
the leptin flow may demonstrate to be a significant
connection between body fat stores and status of
fertility among childbearing women and men®.
Such foundation may give new information into
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the cause of infertility and might be prompt better
treatment modalities in child bearing females.
As to the link between LEP G2548A and
LEPR GIn223Arg gene polymorphism with leptin
levels, the previous study advice a common gene
polymorphism in the promoter LEP G2548A
influencing secretion of adipose tissue and
expression of Leptin?® might be affecting the
unexplained infertility in females. Hence, objective
of the present study was to evaluate the link
between LEP G2548A and LEPR GIn223Arg gene
polymorphism with unexplained infertility.
Moreover, we are also looking at whether LEP
G2548A and LEPR GIn223Arg polymorphism
may be associated with the pathogenesis of
unexplained infertility in north Indian population.

MATERIALS AND METHODS

For smoothening this research work
and earlier ethical approval were obtained from
the institutional ethical committee vide letter
no-2214/R-Cell-11. Ref. code: 53 ECMIIB/P1 from
the King George’s Medical University (K.G.M.U.)
of Lucknow, India. The present case-control study
was performed at the division of Obstetrics and
Gynecology, KGMU, Lucknow. The study includes
229 female participants (120 cases and 109
controls females) which were arbitrarily chosen,
aged 18 to 40 years. After writing concern, a 5
ml blood samples were collected. At the time
of blood collection, information about high and
weight (Waist: WC); hip circumference (HC) was
recorded (only females) by trained researchers. All
volunteers were asked for some information, for
example family history of obesity and hereditary
diseases. Patients who are on hormonal treatment
and pregnant were excluded from this study. The
case group (unexplained infertile female) was
compared with control group (normal fertile
female) for finding the contribution of serum
leptin level in the causation of unexplained fertility.
Subjects were categorized first into unexplained
infertile and fertile group and then further
subdivided into subcategories on the basis of BMI,
non obese (BMI range 18.5 to 24.5) and obese
(BMI more than 25). Leptin level was quantified
by Active human leptin ELISA kit unit and BMI was
calculated as weight in kg/height in m2.
Genetic analysis

Blood DNA was isolated and purified by

using the classical phenol chloroform Method.
Samples were collected in EDTA vials. Approx. 40
ng of the DNA was used for each PCR reaction.
DNA was quantified by measuring the optical
density at 260nm. 1pl of stock genomic DNA
was placed on the plate and the OD was taken at
260nm (Thermo Scientific). DNA concentration
of the samples ranged between 100ng to 250ng.
The DNA was further diluted to 40ng for using in
the PCR reaction. The purity was determined by
calculation of absorbance at 260nm to absorbance
at 280 nm. DNA samples were aliquoted and
one aliquot which was in regular use was kept at
4°C while the rest of the samples were stored at
-20°C.
Amplification of LEP G2548A and LEPR GIn223Arg
gene

The genetic polymorphism was analyzed
by polymerase chain reaction (PCR) followed by
restriction fragment length polymorphism (RFLP)
method. Isolated genomic DNA was amplified by
PCR thermo cycler (Applied Biosystem, Germany)
using PCR condition 94 °C for 4 minutes, 35 cycles
at 94 °C for 30 second, 58 °C for 40 second, 72
°C for 40 second and lastly 72 °C for 8 minutes.
The forward and reversed primers for LEP gene
were 5'-TTTCCTGTAATTTTCCCGTGAG-3’ and
5’-AAAAGCAAAGACAGGCATAAA-3'repectively.
For LEPR gene 5’-AGT TCA AAT AGA GGT CCA AAT
CA-3" and 5’ —TTC TGA GGT TGT GTC ACT GGC
A-3’respectively. Reaction mixture 100 ng of DNA,
4nM of each primer, 2.5 mM of dNTPs, 2.5 mM of
MgCl, 0.025 U Taq polymerase, and 1xPCR buffer
(Invirtogen). Initial melting step of 2 minute at 94
°C, followed by 35 cycle of 30 second at 94 °C, 45
second at 60 °C (for LEP gene), 45 second at 56
°C (for LEPR gene), and 45 second at 72 °C, and
final elongation was 6 minute at 72 °C. After PCR,
amplified product (242bp for LEP and 367bp for
LEPR ) was digested with restriction enzyme Cfo |
for LEP gene and Mspl for LEPR gene for 2 hours
at 37 °C. The digested PCR products (181bp, 61bp
and 242bp, 125 bp, respectively) were separated
on 3 % Agarose gel.
Statistical analysis

Discrete (categorical) data were
summarized in numbers and percentage.
Categorical data were compared with the help of
Chi square test. The proportions were compared
with Z test after corrections for continuity (Z ).
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Univariate and multivariate logistic regression
analysis was done to predict independent
predictors of unexplained infertility, considering
group as variable (dependent) and clinical
characteristics like Age, WHR, BMI and Leptin, and
LEP G2548A and LEPR GIn223Arg genotypes the
independent variables. The clinical characteristics
were sub grouped into low and high on the basis
of median value of both fertile and unexplained
groups except BMI. For BMI the standard cutoff of
normal (BMI: <25 kg/m?) and overweight (BMI: >25
kg/m?) was used. The control (fertile) genotypes
data of both SNPs LEP G2548A and LEPR GIn223Arg
are in HWE (Hardy-Weinberg equilibrium) tested
by goodness of fit chi squire. The two tailed p<0.05
was set for the entire experiment. All the statistical
analysis was done by Statistical package for social
sciences (SPSS, version 16, SPSS inc, Chicago, IL,
U.S.A)%.

RESULTS

Table 1 summarized the clinical
characteristics of case (unexplained infertile) and
control (fertile) group. Evaluate the frequency (%)

distribution of discrete (low and high) variables
of two groups, x* test showed Leptin frequency
in higher subgroup compared to lower of the
case than the fertile group. On the other hand,
the distribution of age, BMI & WHR not differed
among case and control groups. The association
of LEP G2548A genotypes with basic clinical
characteristics of selected groups is shown in
Table 1. Infertile groups, LEP G2548A genotypes
did not show a significant association with any of
the clinical characteristics.

However, in the unexplained infertile
group it showed significant association with
BMI (p=0.002) as well as Leptin level (p=0.003).
The higher concentration of TSH and lower PRL
is significantly false positive associated with in
unexplained infertile in this study.

Further, comparing the genotypes among
the case and control group, the genotype showed
significant association with lower age (p=0.008),
WHR (p=0.007), while significant association with
higher BMI (p=0.002), and Leptin (p=0.003). In
contrast, LEPR GIn223Arg did not show a significant
association with any of the clinical characteristics

Table 3. Frequency distribution of LEP G-2548A and LEPR GIn223Arg polymorphisms between two groups (Wild:
G/G or GIn/GIn, Heterozygous: G/A or GIn/Arg, Homogygous mutant: A/A or Arg/Arg)

SNPs Characteristics Fertile Unexplained infertile P
(n=109) (n=120) (%) Value
(%)
LEP G2548A Genotypes:
G/G 39 (35.8) 22 (18.3) 0.003
G/A 51 (46.8) 59 (49.2)
A/A 19 (17.4) 39 (32.5)
Allele:
G 129 (59.2) 103 (42.9) <0.001
A 89 (40.8) 137 (57.1)
Phenotype:
A+ 70 (64.2) 98 (81.7) 0.001
LEPR GIn223Arg Genotypes:
GIn/GlIn 67 (61.5) 52 (43.3) 0.008
GIn/Arg 34 (31.2) 46 (38.3)
Arg/Arg 8(7.3) 22 (18.3)
Allele:
GIn 168 (77.1) 150 (62.5) <0.001
Arg 50 (22.9) 90 (37.5)
Phenotype:
Arg+ 42 (38.5) 68 (56.7) 0.016
*Asterisk indicates p< 0.05; A+: sum of G/A and A/A; Arg+= sum of GIn/Arg and Arg/Arg
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0.06
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Leptin (pg/ml):

<5
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0.33
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5(12.8)
34(87.2)

35 (90.7)
46 (109.3)

14 (73.7)
5(26.3)

57 (128)
53 (72)

1tand 2™ p value is the 2x2chi squire comparisons between lower to higher subgroup within fertile and infertile group separately. Third p value is the 2x2comparison between lower to

: Asterisk indicates p< 0.05; Dom: Dominant; Rec: Recessive; (*p<0.05); NA: not applicable

lower and higher to higher subgroup between fertile and infertile group of respective parameters.

in both the groups (Table 2). However, between
the two groups, it showed significant association
with lower age (p=0.020), WHR (p=0.048) and
while a significant link with higher BMI (p=0.020),
and Leptin (p=0.002).

Table 3 summarized the genotype
frequency distribution of the LEP G2548A gene
(Wild: G/G, Heterozygous: G/A and Homozygous
mutant: A/A) and gene LEPR GIn223 Arg (Wild:
GIn/GIn, Heterozygous: GIn/Arg and Homozygous
mutant: Arg/Arg). The x? test showed significantly
different and higher homozygous mutant
frequency of both LEP G2548A (A/A: 17.4% vs.
32.5%, p=0.003) and LEPR GIn223Arg (Arg/Arg:
7.3% vs. 18.3%, p=0.008) in unexplained infertile
than the fertile group. Further, the allele frequency
of both LEP G2548A (A: 40.8% vs. 57.1%, p<0.001)
and LEPR GIn223Arg (Arg: 22.9% vs. 37.5%,
p<0.001) was also found significantly different
and higher in unexplained infertile than fertile.
Moreover, the phenotype frequency of both LEP
G2548A (A+: 64.2% vs. 81.7%, p=0.001) and LEPR
GIn223Arg (Arg+: 38.5% vs. 56.7%, p=0.016) was
also found significantly different and higher in
unexplained infertile than fertile. Further, using
dominant model, genotype was also observed
tobe associated with unexplained infertility as
compaired to their wild type genotype for both
polymorphism (table 4,and 5). Unfortunately, some
calculation such as BMI>25;LH<7 in LEPG2548A
gene polymorphism in dominant model and age
>30;BMI>25;WHR>1;TSH<3;LH< and >7; FSH, PRL
and Leptin in recessive model was restricted by
small number of participants (table 4 and 5)

The univariate and multivariate regression
analysis was done in evaluating out independent
predictors of unexplained infertility the clinical
characteristics and genotypes of both the SNPs
were regressed against fertile and unexplained
infertile groups which are summarized in Table
6. The univariate analysis found that the level of
leptin, gene LEP G2548A as well as LEPR GIn223Arg
genotypes the significant (p<0.05 or p<0.01 or
p<0.001) predictors of unexplained infertility. This
univariate statistical analysis further found these
variables significant (p<0.05 or p< 0.01 or p<0.001)
in the further multivariate analysis suggesting
these as significant and independent predictors
of unexplained infertility.
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: Asterisk indicates p< 0.05; Dom: Dominant; Rec: Recessive; (*p<0.05); NA: not applicable

lower and higher to higher subgroup between fertile and infertile group of respective parameters.

DISCUSSION

Apparently, this is the first Indian study
to look at the association of polymorphism of LEP
G2548A and LEPR GIn223Arg with unexplained
infertility among North Indian population. The
key findings of this work were that leptin levels
were higher in Ul (unexplained infertility) group
as compared to control, and that the LEP G2548A
and LEPR GIn223Arg polymorphism demonstrated
a critical relationship between leptin focus and Ul
among North Indians.

In the present investigation, no difference
was found with weight, height and BMI, screened
crosswise genotypes in the obese compared with
no obese group. Likewise, when the subject was
divided into female and male, the difference was
found to be null in BMI and others parameters.
This result is consistent with two studies, which
identified no relationship between GIn223Arg,
BMI and leptin levels?®?7.

In the present study, the ¥* test showed
significantly different and higher homozygous
mutant frequency, the allele frequency and
phenotype frequency of both LEP G2548A and
LEPR GIn223Arg in unexplained infertile than
the fertile group. Infertile groups, LEP G2548A
genotypes did not show any kind of association
with clinical parameters. Moreover, in the
unexplained infertile group it showed significant
association with BMI and Leptin. In addition, in
population, no association was found between
the LEP-2548G/A polymorphism and obese and
their related variables. On the other hand, higher
level of leptin was acknowledged in-2548GG
carriers®. In other research, workers found that
there was no association between LEP-2548G/A
polymorphism and obesity in Tunisian obese and
their control group®. But, same author like Le et
al. (2000) stated that there was a relationship of
this polymorphism with extremely obese subjects
in North American, Caucasian ladies, in whom the
G allele was more frequent?®.

Sahin Daniz Say et al. (2013) reveals
that gene LEP 2548 AA or AG genotype are key
predictor for increased leptin concentration and
BMIin obese subjects and reveals that it might be a
useful marker for risk of obesity *2. However in this
present study show, in unexplained infertile group
it showed a link with BMI (p=0.002) and Leptin (p
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Table 6. Identification of predictors of unexplained infertility among clinical characteristics and gene

polymorphisms using logistic regression analysis

Predictors Univariate Analysis Multivariate analysis

0Odds Ratio (OR), 95% Cl P value 0Odds Ratio (OR), 95% Cl P value
Age (yrs):
<30 Ref Ref
>30 1.07 (0.61-1.89) 0.808 0.93 (0.43-2.00) 0.848
BMI (kg/m?):
<25 Ref Ref
>25 1.00 (0.58-1.72) 0.993 0.43 (0.19-0.96) 0.038"
WHR:
<1 Ref Ref
>1 0.88 (0.48-1.60) 0.672 1.06 (0.48-2.34) 0.885
Leptin (pg/ml):
<5 Ref Ref
>5 3.74 (2.16-6.46) <0.001 5.24 (2.47-11.11) <0.001"
LEP G2548A:
G/G Ref Ref
G/A 2.05 (1.08-3.90) 0.029 4.71(1.86-11.97) 0.001"
A/A 3.64 (1.71-7.76) 0.001 6.00 (2.08-17.31) 0.001"
LEPR GIn 223Arg
Cln/GIn Ref Ref
GIn/Arg 1.74(0.98-3.09) 0.057 2.07 (0.88-4.89) 0.097
Arg/Arg 3.54 (1.46-8.60) 0.005 7.21(2.26-23.00) 0.001"

Cl: confidence interval ; *Asterisk indicates p< 0.05

= 0.003) and genotype GA & AA (p-value =0.001
both) is more significant.

Present study shows a significant
association of Gly223Arg with higher BMI
(p=0.020), and Leptin (p=0.002) where AA (Arg/
Arg) is more significant than GA (GIn/Arg)(p
value 0.001 vs 0.097). This study is supported
by a Boumaiza Imen et al which showed Q223R
(GIn223Arg) polymorphism is associated with
Weight and obesity risk 3. Boumaiza et al
(2012) also showed that G2548A has significant
association with obesity *3. Zayani et al 2018
were also found a significant association between
Q223R and G2548A SNPs and obesity**

Suryaprom et al 2014 likewise
demonstrated that there was a relationship
between LEPR GIn223Arg polymorphism
and Leptin Level and metabolic disorder3+3>,
Farooq et al similarly demonstrated that leptin
assumes a basic role in particularly, ovulation
and spermatogenesis. A fluctuation in circulating
leptin also presumed that obesity is related with

infertility in men as well as women. In addition,
Sex hormonal irregularity may likewise be related
BMI and serum leptin in infertility*®. From our
present study it might conceivable that there is
role of Serum Leptin, G2548A and GIn223Arg
polymorphism in Ul.

CONCLUSION

This present study showed an association
between G2548A and GIn223Arg polymorphism
and serum leptin with Ul. Statistical analysis
reveals that these parameters are significant
and independent predicators of Ul. The allele
frequency of both LEP G2548A and LEPR GIn223Arg
was also found significantly different and higher
in unexplained infertile than fertile. Moreover,
the phenotype frequency of both LEP G2548A
and LEPR GIn223Arg was also found significantly
different and higher in unexplained infertile than
fertile. G2548A was more frequent than LEPR
GIn223Arg. Recommended to conduct, more
studies with large sample size may be helpful for
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the knowing the association and impact of these
Gene in unexplained female infertility in Indian
population.

ACKNOWLEDGMENTS
None.

CONFLICTS OF INTEREST
The authors declares that there is no
conflict of interest.

AUTHORS’ CONTRIBUTION

PK did design study, review and
substantially participated in all other work. SPJ
guided Infertility in Assays and Data compilation.
PS and SD supervised in sample collection of
review and sample. AAM and KA guided in all the
Molecular and Biochemical studies. WA helped in
statistical analysis.

FUNDING
DST-INSPIRE Fellowship (DST/2012/30
dated August 17, 2012).

DATA AVAILABILITY
The datasets are available from the
corresponding author on reasonable request.

ETHICAL STATEMENT

A prior approval was obtained from
the King George’s Medical University (K.G.M.U.)
of Lucknow, India ethics committee vide letter
no-2214/R-Cell-11. Ref. code: 53 ECMIIB/P1 to
conduct this research.
Participants: human Participant
Consent: Informed consent were taken from all
the patients.

REFERENCES

1. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L,
Friedman JM. Positional cloning of the mouse obese
gene and its human homologue. Nature. 1994; 372(
6505):425. https://doi.org/10.1038/372425a0

2. Watowich SS, Wu H, Socolovsky M, Klingmuller U,
Constantinescu SN, Lodish HF. Cytokine receptor signal
transduction and the control of hematopoietic cell
development. Annual review of cell and developmental
biology. 1996; 12(1):91-128. https://doi.org/10.1146/
annurev.cellbio.12.1.91

3. Houseknecht K, Portocarrero C. Leptin and its receptors:
regulators of whole-body energy homeostasis.
Domestic animal endocrinology. 1998; 15(6):457-75.

10.

11.

12.

13.

14.

15.

16.

https://doi.org/10.1016/50739-7240(98)00035-6

Fr hbeck G, Jebb S, Prentice A. Leptin: physiology
and pathophysiology. Clinical Physiology and
Functional Imaging. 1998; 18(5):399-419. https://
doi.org/10.1046/j.1365-2281.1998.00129.x

Cioffi JA, Van Blerkom J, Antczak M, Shafer A, Wittmer
S, Snodgrass HR. The expression of leptin and its
receptors in pre-ovulatory human follicles. Molecular
human reproduction. 1997; 3(6):467-72. https://doi.
org/10.1093/molehr/3.6.467

Tataranni P, Monroe M, Dueck C, Traub S, Nicolson
M, Manore M, et al. Adiposity, plasma leptin
concentration and reproductive function in active
and sedentary females. International journal of
obesity. 1997; 21(9):818. https://doi.org/10.1038/
5).ij0.0800481

Considine RV, Sinha MK, Heiman ML, Kriauciunas A,
Stephens TW, Nyce MR, et al. Serum immunoreactive-
leptin concentrations in normal-weight and obese
humans. New England Journal of Medicine.
1996; 334(5):292-5. https://doi.org/10.1056/
NEJM199602013340503

Anupa Nandi ,Ray Hamburg. Unexplained subfertility
:diagnosis and management. The obstetrician &
Gynaecologist. 2016; 18:107-115. https://doi.
org/10.1111/tog.12253

Arpita ray,amit shah, Anil Gudi,Roy Homburg.
Unexplained infertility:an Update and review of
practice. Reproductive Biomedicine Online .2012: 24:
591-602. https://doi.org/10.1016/j.rbmo.2012.02.021
Barash IA, Cheung CC, Weigle DS, Ren H, Kabigting
EB, Kuijper JL, et al. Leptin is a metabolic signal
to the reproductive system. Endocrinology.
1996; 137(7):3144-7. https://doi.org/10.1210/
endo.137.7.8770941

Chehab FF, Lim ME, Lu R. Correction of the sterility
defect in homozygous obese female mice by treatment
with the human recombinant leptin. Nature genetics.
1996; 12(3):318. https://doi.org/10.1038/ng0396-318
Montague CT, Farooqi IS, Whitehead JP, Soos MA, Rau
H, Wareham NJ, et al. Congenital leptin deficiency
is associated with severe early-onset obesity in
humans. Nature. 1997; 387(6636):903. https://doi.
org/10.1038/43185

Strobel A, Issad T, Camoin L, Ozata M, Strosberg
AD. A leptin missense mutation associated with
hypogonadism and morbid obesity. Nature genetics.
1998; 18(3):213. https://doi.org/10.1038/ng0398-213
FarooqilS, Jebb SA, Langmack G, Lawrence E, Cheetham
CH, Prentice AM, et al. Effects of recombinant leptin
therapy in a child with congenital leptin deficiency.
New England Journal of Medicine. 1999; 341(12):879-
84. https://doi.org/10.1056/NEJM199909163411204
Hart R. ABC of subfertility: unexplained infertility,
endometriosis, and fibroids. BMJ: British Medical
Journal. 2003; 327(7417):721. https://doi.
org/10.1136/bmj.327.7417.721

Aboulghar MA, Mansour RT, Serour Gl, Amin Y, Ramzy
A-M, Sattar MA, et al. Management of long-standing
unexplained infertility: a prospective study. American
Journal of Obstetrics & Gynecology. 1999; 181(2):371-
5. https://doi.org/10.1016/50002-9378(99)70564-8

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Kumari et al. J Pure Appl Microbiol, 13(3), 1711-1723 | September 2019 | https://doi.org/10.22207/JPAM.13.3.46

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Cahill D, Wardle P. Management of infertility. BMJ:
British Medical Journal. 2002; (7354):28. https://doi.
org/10.1136/bmj.325.7354.28

Isaksson R, Tiitinen A. Present concept of unexplained
infertility. Gynecological endocrinology. 2004; 18(5):278-
90. https://doi.org/10.1080/0951359042000199878
Marrero MA, Ory SJ. Unexplained infertility. Current
opinion in obstetrics & gynecology. 1991; 3(2):211-8.
https://doi.org/10.1097/00001703-199104000-00008
Demir B, Guven S, Guven ESG, Atamer Y, Gunalp GS,
Gul T. Serum leptin level in women with unexplained
infertility. Journal of reproductive immunology. 2007;
75(2):145-9. https://doi.org/10.1016/j.jri.2007.04.001
Mammes O, Betoulle D, Aubert R, Giraud V. Novel
polymorphisms in the 5’region of the LEP gene:
association with leptin levels and response to
low-calorie diet in human obesity. Diabetes. 1998;
47(3):487. https://doi.org/10.2337/diabetes.47.3.487
Duarte S, Francischetti E, Genelhu V, Cabello P,
Pimentel M. LEPR p. Q223R, 23-AR p. W64R and LEP
c.-2548G> A gene variants in obese Brazilian. Genetics
and Molecular Research. 2007; 6(4):1035-43.
Mammes O, Betoulle D, Aubert R, Herbeth B, Siest G,
Fumeron F. Association of the G-2548A polymorphism
in the 52 region of the LEP gene with overweight.
Annals of human genetics. 2000; 64(5):391-4.

Hager J, Dina C, Francke S, Dubois S, Houari M, Vatin
V, et al. A genome-wide scan for human obesity genes
reveals a major susceptibility locus on chromosome
10. Nature genetics. 1998; 20(3):304. https://doi.
org/10.1038/3123

Le Stunff C, Le Bihan C, Schork NJ, Bougnvres P.
A common promoter variant of the leptin gene is
associated with changes in the relationship between
serum leptin and fat mass in obese girls. Diabetes.
2000; 49(12):2196-200. https://doi.org/10.2337/
diabetes.49.12.2196

Hoffstedt J, Eriksson P, Mottagui-Tabar S, Arner
P. A polymorphism in the leptin promoter region
(-2548 G/A) influences gene expression and
adipose tissue secretion of leptin. Hormone and
metabolic research. 2002; 34(07):355-9. https://doi.
org/10.1055/s-2002-33466

Ali SB, Kallel A, Ftouhi B, Sediri Y, Feki M, Slimane
H, et al. Association of G-2548A LEP polymorphism
with plasma leptin levels in Tunisian obese patients.
Clinical biochemistry. 2009; 42(7-8):584-8. https://doi.
org/10.1016/j.clinbiochem.2008.11.001
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. The
Journal of Clinical Endocrinology & Metabolism. 2001;
86(9):4434-9. https://doi.org/10.1210/jcem.86.9.7842
Gotoda T, Manning BS, Goldstone AP, Imrie H, Evans
AL, Strosberg AD, et al. Leptin receptor gene variation
and obesity: lack of association in a white British

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

male population. Human molecular genetics. 1997;
6(6):869-76. https://doi.org/10.1093/hmg/6.6.869
Rosmond R, Chagnon YC, Holm Gr, Chagnon M, Pe%
russe L, Lindell K, et al. Hypertension in obesity and
the leptin receptor gene locus. The Journal of Clinical
Endocrinology & Metabolism. 2000; 85(9):3126-31.
https://doi.org/10.1210/jc.85.9.3126
Takahashi-Yasuno A, Masuzaki H, Miyawaki T, Ogawa
Y, Matsuoka N, Hayashi T, et al. Leptin receptor
polymorphism is associated with serum lipid levels
and impairment of cholesterol lowering effect by
simvastatin in Japanese men. Diabetes research and
clinical practice. 2003; 62(3):169-75. https://doi.
org/10.1016/50168-8227(03)00163-3

Sahin DS, Tumer C, Demir C, Celik MM, Celik M, Ucar
E, et al. Association with leptin gene C.-2548 G> A
polymorphism, serum leptin levels, and body mass
index in Turkish obese patients. Cell biochemistry
and biophysics. 2013; 65(2):243-7. https://doi.
org/10.1007/s12013-012-9427-1

Boumaiza I, Omezzine A, Rejeb J, Rebhi L, Ouedrani A,
BenRejeb N, et al. Relationship between leptin G2548A
and leptin receptor Q223R gene polymorphisms and
obesity and metabolic syndrome risk in Tunisian
volunteers. Genetic testing and molecular biomarkers.
2012; 16(7):726-33. https://doi.org/10.1089/
gtmb.2011.0324

Chavarria-Avila E, Mercado V-D, Gomez-Baouelos
E, Ruiz-Quezada S-L, Castro-Albarran J, Sanchez-L
qpez L, et al. The impact of LEP G-2548A and LEPR
GIn223Arg polymorphisms on adiposity, leptin, and
leptin-receptor serum levels in a Mexican Mestizo
population. BioMed research international. 2015;
2015. https://doi.org/10.1155/2015/539408
Suriyaprom K, Tungtrongchitr R, Thawnasom K.
Measurement of the levels of leptin, BDNF associated
with polymorphisms LEP G2548A, LEPR GIn223Arg
and BDNF Val66Met in Thai with metabolic syndrome.
Diabetology & metabolic syndrome. 2014; 6(1):6.
https://doi.org/10.1186/1758-5996-6-6

Nie NH, Bent DH, Hull CH. SPSS: Statistical package for
the social sciences. McGraw-Hill New York, 1970.
Farooq R, Lutfullah S, Ahmed M. Serum leptin levels
in obese infertile men and women. Pakistan journal
of pharmaceutical sciences. 2014; 27(1).

Echwald SM, Sarensen TD, Sirensen Tl, Tybjtrg-Hansen
A, Andersen T, Chung WK, et al. Amino acid variants
in the human leptin receptor: lack of association to
juvenile onset obesity. Biochemical and biophysical
research communications. 1997; 233(1):248-52.
https://doi.org/10.1006/bbrc.1997.6430

Zayani N, Hamdouni H, Boumaiza I, Neffati F,
Omwzzine A,Najjar F, Bouslama A.Leptin and leptin
receptor polymorphisms,plasma leptin levels and
obesity in Tunisian volunteers. International journal
of experimental pathology. 2018;99:121-130. https://
doi.org/10.1111/iep.12271

Journal of Pure and Applied Microbiology

1723

www.microbiologyjournal.org



