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Aim of the work: A significant role of Leptin receptor (LEPR) is documented in inflammation, body weight
homeostasis and maintenance of cartilage. This study was conducted to detect the existence of genetic
association between Knee osteoarthritis (KOA) susceptibility and severity; and LEPR (Gln223Arg) single
nucleotide polymorphism (SNP).
Patients and methods: 73 primary KOA patients and 73 matched healthy controls were studied. Kellgren
Laurence (K/L) radiographic grading system, Western Ontario and McMaster Universities Arthritis Index
(WOMAC) score and Visual Analogue Scale (VAS) were used to assess the severity of KOA. LEPR
Gln223Arg SNP (rs1137101) was genotyped in KOA patients and controls using polymerase chain
reaction-restriction fragment length polymorphism (PCR –RFLP) technique and verified by direct DNA
sequencing.
Results: In the current study, a significant genetic association was found between KOA patients carrying
the AA genotype of LEPR and the extent of radiological severity (p < 0.044). In addition, a significant dif-
ference was detected within the patients between Body Mass Index (BMI) and the SNP. Patients carrying
the wild type (GG) genotype showed lower body mass index (BMI) in comparison to patients carrying the
heterozygous (AG) genotype and the mutant (AA) genotype (p < 0.032). However, no direct genetic asso-
ciation was detected between the SNP and KOA.
Conclusion: Leptin receptor gene (Gln223Arg) SNP might be associated with severity of KOA. There is a
significant genetic association between the SNP and BMI hence, LEPR SNP might be indirectly associated
with the incidence of KOA. Furthermore, the SNP is not directly associated with KOA susceptibility in the
Egyptian population.
Publishing services provided by Elsevier B.V. on behalf of Egyptian Society of Rheumatic Diseases. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Although the etiology of osteoarthritis (OA) is incompletely
understood, mechanical trauma and altered genetics are involved
in the pathogenesis of OA, also the immune system and proinflam-
matory cytokines might play a role as helper T cells (CD4+) were
detected in OA synovium and its level was similar to that of
rheumatoid arthritis (RA) [1]. Obesity is a relevant risk factor for
OA [2], principally in knees as a weight-bearing joints [3], never-
theless, the fact that patients with overweight are also at an
increased risk of OA of wrists or hands (that are non-weight bear-
ing joints), reveals that white adipose tissue (WAT) secretes sol-
uble factors, such as leptin that may play a role [4]. Knee
osteoarthritis (KOA) is a common problem in Egypt and several
studies have been conducted on Egyptian patients in order to study
the effect of the disease on functional and radiological findings [5]
and to determine potential biomarkers such as midkine [6], carti-
lage oligomeric matrix protein [7], vascular endothelial growth fac-
tor [8] or micro RNA-146a expression [9].

Leptin is a non-glycosylated protein, produced principally by
adipocytes and its levels positively correlate with WAT mass under
physiological conditions [4]. In 2 previous studies on Egyptian
patients, the role of leptin has been investigated and a notable
effect on the functional status in KOA has been revealed [10,11].
It performs its biological functions by binding to leptin receptor
disease
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(LEPR) that is a member of class I cytokine receptor family [12].
LEPR signaling pathways are signal transducer and activator of
transcription and Janus kinase [13]. A role of leptin is proposed
in immune system because most immune cells express LEPR [4].
There are numerous LEPR isoforms, soluble, short and long capable
of transducing signals of leptin; the long form is expressed in
almost all tissues, including human articular chondrocytes [4]. Lep-
tin and LEPR pathways can changes the differentiation destiny of
chondrogenic progenitors, increase their osteogenic transforma-
tion and induce arrest in cell cycle [14]. Moreover expression levels
of leptin and LEPR in synovial fluid and cartilage from joints with
severe OA were found to be significantly higher [15]. An associa-
tion between leptin gene SNPs and KOA susceptibility [16] and
between LEPR SNPs and obesity have been suggested as risk factors
for OA [17].

Impairment of leptin signaling pathway was linked to the
pathogenesis of OA [18] and due to the pivotal role of LEPR in
the regulation of leptin activity, direct association with the suscep-
tibility of KOA has been suggested [19]. The association of LEPR
SNPs and primary KOA in Egyptians remains unknown and has
thus been considered for investigation. The associations with the
severity to KOA represented by Kellgren-Laurence (K/L), Western
Ontario and McMaster Universities Arthritis Index (WOMAC) and
visual analogue scale (VAS) were also assessed. The relation with
the body mass index (BMI) was also well thought-out.
2. Patients and methods

Seventy-three Egyptian patients (58 females and 15 males)
suffering from primary KOA diagnosed according to the American
College of Rheumatology (ACR) classification [20] and 73 age and
sex matched healthy control subjects (61 females and 12 males)
were enrolled in the present case-control study. Patients with pri-
mary KOA were enrolled from the outpatients’ clinic of Rheumatol-
ogy and Rehabilitation department in Beni-Suef University
Hospital, between January 2017 and June 2017. Patients with Knee
trauma, surgery, secondary osteoarthritis, or rheumatic diseases
were excluded from the study. Healthy controls were unrelated
Egyptian individuals subjects living in the same geographical
region, and had no symptoms or signs suggesting OA; also they
had normal radiological assessment of both knees. The study was
approved by the ethical committee of BeniSuef University in accor-
dance with the declaration of Helsinki ethical standards
(FMBSUREC/06012019/Hassan).Informed consent was obtained
from all participants in the study.

All participants were subjected to full history taking, complete
clinical examination as well as radiological examination of both
knees and the body mass index (BMI) was calculated. Patients
and controls were subjected to measurement of serum concentra-
tions of total cholesterol, triacylglycerol (TAG), high and low den-
sity lipoproteins (HDL-C and LDL-C) using automated enzymatic
analyses (Beckman Coulter, AU480, USA), after overnight fasting
(from 8 to12 hours) except for water. None was on lipid lowering
medication, oral estrogens, glucocorticoids or alcohol intake.

Radiographic K/L grading system was used to classify KOA
severity into: mild (K/L grade 2), moderate (K/L grade 3) and severe
(K/L grade 4) [21]. WOMAC score was used to assess the severity of
symptoms of KOA [22]. The patients were stratified according to
VAS [23] into 2 groups of pain intensity: VAS score � 6 and VAS
Score > 6.
2.1. Genotyping

Two ml of venous blood was withdrawn by a sterile venipunc-
ture into a sterile EDTA vacutainer. Genomic DNA was extracted
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from whole blood using GF-1 DNA Mini Kit (Vivantis technologies
Sdn. Bhd.; Selangor, Malaysia), according to the manufacturer pro-
tocol. Polymerase chain reaction-restriction fragment length poly-
morphism (PCR –RFLP) technique was carried out for amplifying
and detecting the genotypes of Gln223Arg polymorphism inLEPR
(rs1137101). Sequence of primers50-TCCTGCTTTAAAAGCCTAATC
CAGTATTT-30 (forward) and 50-AGCTAGCAAATATTTTTGTAAG
CAAT-30 (reverse) were used for amplification (Invitrogen, Thermo
Fisher Scientific, USA). A total PCR reaction mixture of 25 lL con-
sisted of 4 lL purified DNA template, 2 lL of forward and reverse
primers, 12.5 lL Reaction Mix and 6.25 lL ddH2O. PCR was per-
formed under the following cycling conditions: DNA was denatu-
rated for 4 min at 95 �C then 30 cycles of 30 s at 94 �C , the
annealing step operated at 59.5 �C then 72 �C each for 30 s, at last
a final extension step for 7 min at 72 �C. Overnight digestion of
amplified DNAwithMspI restriction enzyme (Thermo Fisher Scien-
tific, USA) was done according to the manufacturer protocol. The
digested DNA products were separated on agarose gel, stained by
ethidium bromide and visualized by ultraviolet light. The digested
products yielded a 367 bp fragment which represents GG geno-
type, 242 bp and 125 bp fragments represents AA genotype, and
367, 242 and 125 bp represents AG genotype (Fig. 1). The accuracy
of RFLP results was tested using direct DNA sequencing of 30% of
cases and controls with Applied Biosystems� 3500 Genetic Analyz-
ers (Thermo Fisher Scientific, USA). The results were 100%
concordant.
2.2. Statistical analysis

It was performed using SPSS software (statistical package of
social science; SPSS Inc., Chicago, IL, USA) version 16. Mean ± SD,
median and range, were calculated for quantitative data, while
qualitative data was measured by frequency. Mann Whitney U
and Kruskal Wallis tests were done to determine the significance
in the difference between 2 and >2 non-parametric variables
respectively. Chi-square-test (v2) was used to compare qualitative
data while Fisher’s exact test was used when the count of cell was
<5, Odds ratios (ORs) with 95% confidence intervals (CI) were cal-
culated to test association between Gln223Arg polymorphism
and KOA risk. Spearman’s correlation test and multiple linear
regression were calculated. The Chi-square test was used to calcu-
late the Hardy-Weinberg equilibrium for genotypes and alleles in
the study and control groups. The level of significance was consid-
ered at p- <0.05.
3. Results

In the present study, the mean age of patients was
56.6 ± 8.2 years and they were 58 females and 15 males. The age
(53.2 ± 9.01 years) and gender (61 females and 12 males) of the
control was comparable (p = 0.09 and p = 0.52 respectively). The
BMI was significantly higher in patients (33.4 ± 5.7; 22.7–46.6)
compared to control (29.3 ± 3.9; p < 0.0001). 49.3%ofpatients had
a positive family history of OA. The demographic features, clinical
characteristics and radiographic severity of the patients are pre-
sented in Table 1.There was a significant difference in triglycerides
level between patients and control (185.9 ± 15.7 and
86.6 ± 12.5 mg/dL respectively) (p < 0.001) (Table 1).

The frequency distribution of LEPR (Gln223Arg) variants in both
the study and control groups conformed to Hardy–Weinberg equi-
librium (p = 0.144 and p = 0.34, respectively). No significant differ-
ence was found between patients and control regarding the
genotype and allele frequency distribution of LEPR (Gln223Arg)
SNP (Table 2). The GG, AG and AA genotypes were comparable
s leptin receptor gene (Gln223Arg) polymorphism associated with disease
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Fig. 1. Agarose gel electrophoresis of PCR –RFLP of LPER gene (Gln223Arg SNP); lane 1 shows homozygous (AA) genotype; Lanes 2,3,5,6,7 show homozygous (GG) genotype;
Lanes 4 and 8 show heterozygous (AG) genotype.

Table 1
Demographic features, clinical characteristics and radio-
logical grading in patients with primary knee
osteoarthritis.

Variable
mean ± SD (range) or n(%)

KOA cases
(n = 73)

Age (years) 56.6 ± 8.2(41–75)
Sex (male:female) 15/58
Disease duration(years) 5.4 ± 3.6 (1–15)
Body mass index 33.4 ± 5.7
WOMAC 53.41 ± 11.5 (13–90)
VAS-pain 5.5 ± 1.2(3–10)
Cholesterol (mg/dl) 189.4 ± 66
Triglycerides (mg/dl) 185.9 ± 15.7
HDL (mg/dl) 40.3 ± 15.9
LDL (mg/dl) 123.4 ± 67
K/L grades
Grade 2 23 (31.5)
Grade 3 34 (46.6)
Grade 4 16 (21.9)

KOA: knee osteoarthritis, WOMAC: Western Ontario and
McMaster Universities Arthritis Index; VAS: visual ana-
logue scale; HDL: high density lipoprotein, LDL: low
density lipoprotein; K/L: Kellgren-Laurence.

Table 2
LEPR (rs1137101) gene polymorphism in knee osteoarthritis patients and control.

Variable
n(%)

KOA patients (n = 73) Control (n = 73) p

Genotypes:
GG 36 (49.3) 36 (49.3) 0.17
AG 34 (46.6) 28 (38.4)
AA 3 (4.1) 9 (12.3)

Alleles:
G 106 (72.6) 100 (68.5) 0.44
A 40 (27.4) 46 (31.5)

KOA: knee osteoarthritis.
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between females (46.6%, 48.2% and 5.2%) and males (60%, 40% and
0%) patients (P = 0.499).

A significant association was present between the patients’ BMI
and the LEPR (Gln223Arg) SNP. Patients carrying the AG genotype
had the highest BMI compared to the GG and AA (p = 0.03)
(Table 3). The BMI tended to be higher in the control carrying the
AA genotype compared to the GG and AG (30.4 ± 3.5, 27.9 ± 3.6
and26.7 ± 4.7, respectively). Carriers of the AA genotype had the
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highest K/L score (p = 0.04). There was no effect of the LEPR
Gln223Arg SNP genotypes on the WOMAC or VAS (Table 3). After
adjusting this association for BMI, age and disease duration on
regression analysis no significant association with the K/L was
detected (Table 4).
4. Discussion

Increases in life expectancy and obesity lead to rise in the
prevalence of OA worldwide to be the most common form of
arthritis and a principal cause of disability and pain [24]. The dis-
ease has a complex nature with many other risk factors as gender,
menopausal status and previous joint trauma [25].However these
risk factors do not fully explain the risk of an individual to develop
OA or the progression of disease severity [26]. It is thought that
genetics contribute to about 30% of the risk of OA; this molecular
contribution has been previously delineated [27]. Recently
impaired signals of leptin hormone have been identified as a new
player in the pathophysiology of OA as it exerts its proinflamma-
tory and pro-catabolic activities on cartilage [28]. Leptin has been
known as a cytokine-like factor with pleiotropic actions that pri-
marily enhance the production of destructive mediators. On the
other hand, leptin seems to exert compensatory anabolic responses
on cartilage; that is characteristic for the early development of OA
[29].The importance of LEPR in regulating leptin signal pathway
and the expression of LEPR within the human cartilage suggested
the LEPR SNPS as possible genetic risk factor for OA. The SNP
rs1137101, (Gln223Arg) within LEPR gene, represents a change in
the extracellular domain of the LEPR protein, by the replacement
of the amino acid glutamine with arginine at codon 223, which
results in a structural change in LEPR and hence the signaling
capacity of leptin might be altered [30].

In the current study, the triglycerides were significantly higher
among KOA patients compared to controls. In agreement, Gkretsi
and colleagues pointed to OA as being a metabolic disease, based
on many observations such as its affection of non-weight bearing
joints, deposition of lipid in the joints at the early stages of joint
affection and the revealed deregulation in the expression of lipid
metabolism-related genes [31].

In the present work, no direct genetic association was detected
between Gln223Arg SNP and the susceptibility of primary KOA or
any differences in frequency distribution of alleles or genotypes
based on gender. On the contrary, two previous studies on Chinese
populations indicated that LEPR SNP (Gln223Arg SNP) was associ-
s leptin receptor gene (Gln223Arg) polymorphism associated with disease
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Table 3
Association between LEPR (rs 1137101) genotypes and disease characteristics in knee osteoarthritis patients.

Variable
Mean ± SD

KOA patients (n = 73)

GG (n = 36) AG (n = 34) AA (n = 3) p

Age (years) 57.6 ± 8.5 55.7 ± 7.9 54.3 ± 5.7 0.56
Body mass index 31.6 ± 5.2 35.1 ± 5.8 34.2 ± 6.7 0.03
Disease duration (years) 5.4 ± 3.8 5.3 ± 3.4 6 ± 3.6 0.94
WOMAC 58.5 ± 20.2 58.2 ± 13.4 70 ± 7.2 0.51
VAS-pain 6.4 ± 1.5 6.3 ± 0.86 7.7 ± 0.5 0.219
K/L grading 2.3 ± 1.04 2.5 ± 0.7 3.7 ± 0.6 0.04

KOA: knee osteoarthritis, WOMAC: Western Ontario and McMaster Universities Arthritis Index; VAS: visual analogue scale; K/L: Kellgren Laurence. Bold values are significant
at p < 0.05.

Table 4
Multiple linear regression analysis of confounding factors affecting the Kellgren Laurence score.

Independent variables Coefficient t (95% CI) P

Age 0.034 4.41 (�0.275–0.14) <0.001
Body mass index 0.001 0.89 (0.019–0.05) 0.37
Disease duration 0.111 6.45 (-0.001–0.003) <0.001
Genotype �0.067 �0.65 (0.08–0.15) 0.51

Bold values are significant at p < 0.05.
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ated with the susceptibility to KOA, and hence considered a genetic
marker that may predict the risk of the disease [18,19]. This dis-
crepancy could be attributed to differences in ethnic origins of
the studied populations, the presence of other SNPs within LEPR
gene associated with the susceptibility to osteoarthritis [16]; the
LEPR variant might be in linkage disequilibrium with other signif-
icant alleles involved in the pathogenesis of the disease and epige-
netics or other environmental risk factors as well as interactions of
these factors that results in different gene expression patterns in
different populations.

Radiological assessment of OA is considered the gold standard
that confirms the clinical diagnosis and to evaluate the disease
severity [20]. In the present study, the homozygous (AA) genotype
carriers had the highest K/L scores. In disagreement, Novosleskyi
et al. [32] indicated the absence of an association between the
SNP in KOA patients’ and different radiologic stages of the disease.
Leptin participates in the regulation of the metabolism of bone
[33], and contributes to abnormal function of osteoblast [34].
Impaired signaling of LEPR might result in an increase of the level
of circulating serum and synovial fluid leptin thus performing its
proinflammatory and procatabolic actions on cartilage [28] which
might be the cause for the progression in radiologic severity in
KOA patients.

Obesity is a risk factor for OA, as the knee is a weight bearing
joint; hence joints of obese individuals bear more pressure than
the normal population, which would lead to greater joint wear
[35]. In this study, there was a significant association between
the SNP and BMI, patients carrying heterozygous AG genotype
have higher BMI. This was in accordance with studies on Spanish
[36] and Pacific Island populations [37]. Both studies revealed that
the Q223R (Gln223Arg) SNP of the LEPR gene is a risk factor for
obesity. On the contrary, others reported no association [38]. These
results might be attributed to the production of leptin in adipose
tissue, placenta, osteoblasts and joint cartilage [39]. Further on,
leptin was found to be synthesized in osteoarthrogenic joint adi-
pose tissue and hence, obese individuals often present with high
leptin levels relative to their high fat content [40]. In addition, LEPR
was recently demonstrated to be naturally expressed within the
native human cartilage chondrocytes, therefore impaired leptin
signaling caused by the SNP together with the increased level of
leptin in obese patients might explain the relation detected
between patients with high BMI andGln223Arg SNPas both factors
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might act together to mediate the inflammatory and destructive
responses of leptin in joints [18]. Moreover, it is worth noting that
there is a discrepancy in BMI being obviously higher in this work
compared to Yang et al. [18]. Hence, the increase in the level of
bioactive leptin might overcome the effect of the receptor poly-
morphism in the Egyptian population.

The main limitation in this study is the small sample size which
decreased the confidence in the generalizability of the results
being confined to one geographical area in Egypt (BeniSuef gover-
norate). In addition, most of the studied patients were obese.
Repeating the study on a larger population of patients both obese
and non-obese), with different life styles and with a longitudinal
study design could be recommended to present the potential role
of Gln223Arg SNP in KOA and the disease outcome among different
populations. Future directions are investigating different SNPs in
leptin and leptin receptor genes and to study their association with
obesity and osteoarthritis as well as their relation to the medica-
tions received.

In conclusion, leptin receptor gene (Gln223Arg) SNP might be
associated with radiological severity of KOA. There is a significant
association between the SNP and BMI and hence, (Gln223Arg) SNP
is indirectly associated with KOA. Furthermore, the SNP is not
directly associated with susceptibility of KOA in the Egyptian
population.
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