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Abstract—Diabetes mellitus is a hereditary predisposed multifactorial disease. However, the genetic mecha-
nisms of its development have not been fully revealed yet. We conducted a search for associations of polymor-
phic variants of the LEPR (rs1137100), LRP5 (rs3736228), and LPL (rs320) genes involved in the develop-
ment of obesity with the development of type 2 diabetes mellitus. The association with development of the
disease was established for the T allele of the LRP5 locus (rs3736228) (p = 0.029, OR = 1.46). The rs1137100
locus (p = 0.032) of the LEPR gene was shown to be associated with the body mass index (BMI), but it was
not connected with the presence of type 2 diabetes mellitus. Risk markers of development of type 2 diabetes
included the T allele of the rs3736228 locus of the LRP5 gene (OR = 1.74, p = 0.012) and the G allele of the
rs320 locus of the LPL gene (OR = 1.39, p = 0.027). Statistically significant association was only found in the
group of nonobese patients. A decrease in the level of low-density lipoprotein was observed in individuals with
the TT genotype of the LPL locus (rs320) (p = 0.04). Individuals with the GT and GG genotypes of this locus
had a lower cholesterol level (p = 0.027). A decrease in the level of BMI (p = 0.012) and a decrease in the con-
centration of triglycerides in the blood (p = 0.00000004) were detected in carriers of the CC genotype of the
LRP5 rs3736228 locus.
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INTRODUCTION
In recent years, the incidence of type 2 diabetes

mellitus (T2DM) has increased in almost all countries
of the world. According to experts of the World Health
Organization, there are 180 million patients with type
2 diabetes in the world now, and it is predicted that by
2025 their number will reach 330 million. The growth
of this pathology is also noted in Russia. The preva-
lence, early disability of patients, and high mortality
from complications determine the relevance of
research [1]. It is believed that obesity leads to the for-
mation of T2DM. Recently, the molecular genetic
mechanisms of the etiopathogenesis of T2DM have
been the subject of large-scale research worldwide [2].

The gene candidate analyses conducted revealed
several genes associated with T2DM and quantitative
parameters that determine type 2 diabetes. One of
these genes is the LEPR gene, which encodes leptin
receptors. Leptin is a hormone produced by adipo-

cytes and several other tissues, such as the mucous
membrane of the stomach. It acts as a signaling mole-
cule that is involved in the regulation of body weight.
Reaching the brain, leptin affects the hypothalamic
receptors, leading to a decrease in appetite, stimulat-
ing energy intake and loss of body weight [3]. Leptin
performs its function by binding to leptin receptors
belonging to the family of cytokine receptors [4].
These receptors are located mainly in the hypothala-
mus. They can also be found in the tissues and cells that
regulate glucose homeostasis, for example, in the beta
cells of the pancreas. In this case, leptin receptors affect
the inhibition of insulin secretion mediated by leptin.
Obviously, the LEPR gene is a candidate gene for the
estimation of the risk of T2DM development [5].

The LRP5 gene encodes a protein related to low
density lipoprotein (LDL) receptors, as well as being a
receptor for the Wnt signaling pathway. LRP5 is
responsible for the growth and development of cells
and is considered a key regulator of tissue development
and homeostasis. In addition, it is known that the Wnt
signaling pathway plays a key role in the regulation of

Abbreviations used: T2DM—type 2 diabetes mellitus, BMI—
body mass index.
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Table 1. Characteristics of the samples examined

Parameter Control group T2DM patients

N N = 444 N = 486
Men, % (N) 40.5 (180) 32.6 (158)
Women, % (N) 59.5 (262) 67.4 (328)
Age, years 56.3 60.9
Weight, kg 78.9 80.4
Height, cm 173.2 161.6

BMI, kg/m2 25.4 30.9

Systolic pressure, mmHg 120.4 142.6
Diastolic pressure, mmHg 80.2 ± 7.8 105.1 ± 11.6
Blood glucose on an empty stomach, mmol/L 4.9 ± 0.8 7.1 ± 1.9
Cholesterol, mmol/L 5.01 ± 9.6 5.44 ± 1.13
Triglycerides, mmol/L 1.4 ± 0.5 1.7 ± 1.3
High density lipoproteins (HDL), mmol/L 2.9 ± 1.01 3.1 ± 1.4
Low density lipoproteins (LDL), mmol/L 1.08 ± 0.3 1.2 ± 0.5
HbA1c, % 4.8 ± 0.6 6.7 ± 1.3
C-peptide, ng/mL 2.26 ± 0.9 2.3 ± 1.2
β-cell function of the pancreas [6]. The LRP5 gene is
given considerable attention in the study of osteoporo-
sis. However, a few researchers have shown the role of
this gene in the development of predisposition to
T2DM. It has been established that the Wnt/LRP5
signaling pathway is a link between adipogenesis and
osteogenesis [7]. Studies conducted on model animals
have shown that LRP5 affects cholesterol and glucose
metabolism. It is shown that polymorphic variants of
this gene are associated with the risk of obesity and
dyslipidemia [7]. Obesity, in turn, is associated with
the development of insulin resistance and is involved
in the T2DM pathogenesis. Studies on this gene in
T2DM are scarce.

LPL cleaves the triglycerides of the largest and
lipid-rich plasma lipoproteins (chylomicrons) and
very low density lipoproteins into free fatty acids and
monoacylglycerol [8]. LPL deficiency leads to the
development of atherosclerosis, obesity, dyslipidemia,
insulin resistance, and T2DM. In T2DM, LPL activ-
ity is usually insufficient and contributes to an increase
in serum triglyceride levels. The various polymorphic
variants found in the LPL gene reduce or increase the
activity of the enzyme, thereby changing the level of
cholesterol and lipoproteins. The polymorphic rs320
locus of the LPL gene is known to be associated with
triglyceride and high-density lipoprotein levels and
total plasma cholesterol concentration [9]. The inter-
relation of polymorphic variants of the LPL gene with
insulin resistance has been shown [10].

Thus, according to the analysis of published data, a
possible association of polymorphic variants of the
LEPR (rs1137100), LRP5 (rs3736228), and LPL
(rs320) genes with the risk of obesity and quantitative
RUSSI
parameters characterizing T2DM was established [7,
10]. However, the results obtained by researchers in
different populations are quite contradictory. This
may be due to differences in the distribution patterns
of the genotypes and alleles in populations of the
world. Our study included subjects of Tatar ethnicity
living in the Republic of Bashkortostan. Earlier studies
on the gene pool of the population of Tatars showed
that they have haplogroups characteristic of the peo-
ples of Western Eurasia in 70% of cases. The propor-
tion of the eastern component accounts for about 30–
20% of haplogroups [11].

The aim of this study was to identify the association
of polymorphic variants of the leptin receptor gene
LEPR (rs1137100), the LRP5 gene (rs3736228), and
the lipoprotein lipase LPL (rs320) gene with the devel-
opment of type 2 diabetes in the population of Tatars.

MATERIALS AND METHODS
We studied the DNA samples of 930 unrelated

individuals, Tatars by ethnicity, living in the territory
of the Republic of Bashkortostan. Among these, 486
patients had type 2 diabetes and 444 patients had no
clinical or laboratory signs of diabetes. The samples
are described in Table 1.

Genotyping. DNA was isolated from peripheral
blood leukocytes using phenol-chloroform purifica-
tion. Polymorphic loci of the LEPR (rs1137100), LRP5
(rs3736228), and LPL (rs320) genes were studied
using PCR with subsequent cleavage of the product
with the appropriate restrictases HaeIII, DraIII, and
HindIII. The conditions of PCR and the sequences of
primers are presented in Table 2.
AN JOURNAL OF GENETICS  Vol. 55  No. 4  2019
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Table 2. Polymorphic markers included in the study, their localization, nucleotide sequences of primers, restriction nucle-
ase and alleles

Gene Polymorphism,
localization Primers, restrictase Allele, fragments 

sizes, bp

LEPR c.326A>G
rs1137100

Lys109Arg
exon 2

F: 5'-TTTCCACTGTTGCTTTCGGA-3'
R: 5'-AAACTAAAGAATTTACTGTTGAAACAAATGGC-3'

HaeIII

A—100,
G—70, 30

LRP5 c.2246C>T
rs3736228

p.Ala749Val
exon 18

F: 5′-GACTGTCAGGACCGCTCACACG-3′
R: 5′-AAGGTTTTCAGAGCCCCTAC-3′

DraIII

C—143,
T—119

LPL g.27496T>G
intron 8

F: 5'-AGATGCTACCTGGATAATCAAAG-3'
R: 5'-AATTTGTCAATCCTAACTTAGAG-3'

HindIII

Т—139, 90,
G—229
The results of amplification and restriction were
analyzed using vertical electrophoresis in a 6–8%
polyacrylamide gel. The gel was stained with ethidium
bromide solution (0.1 μg/mL) for 15 min and photo-
graphed in transmitted ultraviolet light. A 100 bp
molecular weight marker was used to determine the
product size (SibEnzyme, Russia).

Statistical processing of results. Statistical data pro-
cessing was performed using the application software
packages of Statistica v. 6.0 (StatSoft Inc., United
States ) and PLINK v. 1.07 [12]. The association
between the polymorphic variants of the studied genes
and obesity was assessed using the Pearson χ2 crite-
rion. The groups of patients with type 2 diabetes and
the individuals in the control group were compared in
pairs. The frequencies of alleles and genotypes and the
correspondence of the distribution of genotype fre-
quencies to Hardy–Weinberg equilibrium ( and р)
were calculated. Logistic regression was used to iden-
tify the association of polymorphic variants of the
studied genes with the development of T2DM. The
exponent of a separate regression coefficient (beta)
was interpreted as an odds ratio (OR) with a 95% con-
fidence interval calculated.

The contribution of allelic variants of the studied
candidate genes to the variability of quantitative clini-
cal and biochemical parameters (glucose, lipids, etc.)
was determined using the Kruskal–Wallis test (in the
case of three groups) or Mann–Whitney test (in the
case of two groups); the calculations were performed
in Statistica v. 6.0 (StatSoft Inc., United States) [13].

RESULTS
At the first stage of work, we checked the corre-

spondence of the distribution of frequencies of geno-
types of polymorphic loci to the Hardy–Weinberg
equilibrium; we also evaluated the minor allele fre-
quency (MAF) in both patients and control samples.

2χ
RUSSIAN JOURNAL OF GENETICS  Vol. 55  No. 4  
The following results were obtained upon study of the
control group: LEPR (rs1137100) (p = 0.82, MAF =
0.306), LRP5 (rs3736228) (p = 0.34, MAF = 0.081),
LPL (rs320) (p = 0.89, MAF = 0.226). The resulting
frequency distribution corresponds to the minor allele
frequency in the HapMap-CEU population (MAF =
0.338, MAF = 0.138, MAF = 0.270, respectively).

Table 3 presents data on the distribution of fre-
quencies of genotypes and alleles of the studied loci,
the significance of differences between groups of
patients with type 2 diabetes, and also the odds ratios
calculated for the minor allele of each locus. Statisti-
cally significant differences between the studied
groups were detected for the polymorphic rs3736228
locus of the LRP5 gene among patients with type 2
diabetes (p = 0.029).

Table 4 shows statistically significant results of the
analysis of the association with the T2DM develop-
ment (with the determination of the regression coeffi-
cient, beta, the exponent of which was interpreted as
OR for the logistic model with a 95% confidence
interval (95% CI)) and the results of the analysis of the
significance level taking into account age and body
mass index (BMI) in various models.

An association of the minor T allele of the LRP5
locus (rs3736228) with the development of T2DM
(p = 0.029, OR = 1.46) was discovered. In this case,
the additive model is more informative (p = 0.02,
OR = 1.43). It shows that each dose of the minor T
allele increases the risk of disease.

At the trend level, an association of the LPL locus
(rs320) was revealed owing to the increase in the fre-
quency of the minor G allele in the group of patients to
26.65% compared to 22.64% in the control group (p =
0.051, OR = 1.24). The additive model (p = 0.046, OR =
1.24) indicating that each dose of the minor G allele
increases the risk of disease is more informative.
2019
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Table 3. Distribution of frequencies of polymorphic variants of genes LRP5, LEPR, and LPL in the group of patients with
T2DM and the control group

Gene, 
polymorphism

Genotypes, 
alleles Chromosome T2DM

(N = 486) %/N
Control

(N = 444) %/N
p

(  for genotypes)

p

(  for alleles)

LRP5, rs3736228 
c.2246C>T 
p.Ala749Val

CC 11:68433827 78.40/381 84.01/373 0.06 0.029
CT 20.78/101 15.7/770
TT 0.82/4 0.23/1
C 88.79/863 91.89/816
T 11.21/109 8.11/72

LEPR, rs1137100
c.326A>G
p.Lys109Arg

AA 1:65570758 44.44/216 47.75/212 0.13 0.88
AG 48.97/238 43.24/192
GG 6.58/32 9.01/40
G 68.93/670 69.37/616
A 31.07/302 30.63/272

LPL,
rs320
g.27496T>G

TT 8:19961566 54.32/264 59.68/265 0.12 0.051
GT 38.07/185 35.36/157
GG 7.61/37 4.95/22
T 73.35/713 77.36/687
G 26.65/259 22.64/201

2χ 2χ

Table 4. The results of the analysis of the association of polymorphic loci of the LRP5, LEPR, and LPL genes in the group
of patients with T2DM and the control group

Gene Polymorphism Minor allele Genotype/model
T2DM

N = 486
N (%)

Control
N = 444

N (%)

OR (CI 95%),
p

LRP5 rs3736228

T

CC
TC-TT

Dominant

381 (78.3)
105 (21.6)

373 (84)
71 (16)

1.45 (1.04–2.03) 
0.027

CC-TC
TT

Recessive

482 (99.2)
4 (0.8)

443 (99.8)
1 (0.2)

3.68 (0.41–32.98) 
0.2

Log-additive – – 1.46 (1.06–2.01) 
0.02

LEPR rs1137100

A

AA
GA-GG

Dominant

216 (44.4)
270 (55.6)

212 (47.9)
231 (52.1)

1.15 (0.89–1.49)
0.3

AA-GA
GG

Recessive

454 (93.4)
32 (6.6)

403 (91)
40 (9)

0.71 (0.44–1.15) 
0.16

Log-additive – – 1.02 (0.83–1.26) 
0.81

LPL rs320

G

TT
GT-GG

Dominant

264 (54.3)
222 (45.7)

265 (59.7)
179 (40.3)

1.24 (0.96–1.62) 
0.099

TT-GT
GG

Recessive

449 (92.4)
37 (7.6)

422 (95)
22 (5)

1.58 (0.92–2.72) 
0.094

Log-additive – – 1.24 (1.00–1.53) 
0.046
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Table 5. Analysis of the association of polymorphic loci of the LRP5, LEPR, and LPL genes with the development of
T2DM in groups differentiated by the level of BMI

Group
Gene,

polymorphic
locus

Minor
allele Genotype or model р OR (CI 95%)

Obesity
T2DM

LRP5
rs3736228 T

Log-additive CC
(0) TC (1) TT (2) 0.19 1.31 (0.87–1.97)

LEPR
rs1137100 A

Log-additive AA
(0) GA (1) GG (2) 0.84 0.97 (0.76–1.25)

LPL
rs320 G

Log-additive TT
(0) GT (1) GG (2) 0.12 1.23 (0.94–1.60)

Norm
T2DM

LRP5
rs3736228 T

Log-additive CC
(0) TC (1) TT (2) 0.012 1.74 (1.12–2.68)

LEPR
rs1137100 A

Log-additive AA
(0) GA (1) GG (2) 0.55 0.92 (0.70–1.21)

LPL
rs320 G

Log-additive TT
(0) GT (1) GG (2) 0.027 1.39 (1.04–1.85)
Analysis of the Impact of BMI and Gender
Differences on T2DM Development

When analyzing the selected genes, the relationship
between the BMI and T2DM was shown only for the
LEPR locus (rs1137100) (p = 0.032). This locus had a
statistically significant association only with the BMI
level and was not associated with the development of
T2DM. Analysis of the quantitative indicator of BMI
depending on the allelic variants of this locus showed
a significant association with the level of BMI in the
group of obese patients and patients with a normal
BMI level. The association in the recessive model (p =
0.004) indicating the protective effect of the GG vari-
ant in the formation of obesity is more informative. No
significant interactions were shown for other loci.

An analysis of the interactions of genotypes with
external factors (BMI level and gender) was also car-
ried out by comparing the odds ratio (OR) values cal-
culated for individual genotypes in groups differenti-
ated by the level of BMI and gender. The association
for the rs3736228 locus of the LRP5 gene is shown in a
BMI-differentiated analysis. The association with the
development of T2DM was detected only in the group
of patients with T2DM with normal body weight
(OR = 1.74, p = 0.012). No association was found in
the group of patients with obesity (OR = 1.31, p =
0.19). In the group of patients with a normal BMI
level, an association was identified for the LPL locus
(rs320) (OR = 1.39, p = 0.027) (Table 5).

An assessment of gender differences revealed no
statistically significant variations.
RUSSIAN JOURNAL OF GENETICS  Vol. 55  No. 4  
Analysis of Association of Polymorphic Loci
of the Studied Genes with the Quantitative Signs

of Metabolic Disorders

No associations of polymorphic loci LEPR
(rs1137100), LRP5 (rs3736228), and LPL (rs320) with
biochemical and anthropometric parameters were
detected in the control group. Further analysis was
carried out in the group of patients. No associations of
the polymorphic rs1137100 locus of the LEPR gene
with biochemical parameters in patients with type 2
diabetes were detected either. An analysis of the associa-
tion of quantitative parameters with the polymorphic
variants of the genes studied is presented in Table 6.

The association with the BMI level was detected for
the rs1137100 locus of the LEPR gene (p = 0.0067). It was
found that carriers of the GG genotype had a lowered
BMI level, reaching 26.9 kg/m2, unlike carriers of the AA
and AG genotypes, having a BMI of 28.9 kg/m2.

An analysis of quantitative anthropometric indica-
tors revealed an association of the LRP5 gene rs3736228
locus with the risk of developing obesity. In carriers of
the CC genotype, the BMI level was 28.53 kg/m2, and
in subjects with the TC and TT genotypes, it was
29.9 kg/m2 (p = 0.012). An association of the LRP5
gene rs3736228 polymorphic locus with the level of tri-
glycerides (TG) was detected. It was shown that the car-
riers of the CC genotype had a TG level of 1.52 mmol/L,
while the carriers of the CT and TT genotypes had
their TG level at 2.32 mmol/L (p = 0.00000004).

It was shown that carriers of the TT genotype of the
rs320 locus of the LPL gene had a reduced level of low
density lipoprotein (2.84 mmol/L), while in individu-
als with the genotypes GT and GG the LDL level
reached 3.24 mmol/L (p = 0.04). A statistically signif-
icant variability of total cholesterol was found depend-
2019
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ing on the genotype of the rs320 locus of the LPL
gene. A decrease in cholesterol level to 5.19 mmol/L
was observed in individuals with the GT and GG geno-
types compared to the TT genotype. The carriers of
this genotype had cholesterol values of 5.57 mmol/L
(p = 0.047). Statistically significant differences in the
age of onset of the disease depending on the genotypes
of this locus were shown. In carriers of the TT and GT
genotypes, diabetes was manifested earlier (on average
at the age of 54.8 years) as compared with patients with
the GG genotype (59.76 years, p = 0.04).

DISCUSSION
As a result of the study, the association of polymor-

phic loci of the LRP5 (rs3736228) and LPL (rs320)
genes with the development of T2DM and quantita-
tive parameters characterizing T2DM in the popula-
tion of Tatars was confirmed. These data are consis-
tent with data from other authors for various popula-
tions of the world, for example, in the Chinese [14]
and Spaniards [15]. The most significant association
was obtained by analyzing the level of triglycerides.
High levels of triglycerides can cause T2DM and dis-
eases of the heart and blood vessels. A number of
authors showed the relationship of polymorphic vari-
ants of the LRP5 gene with plasma cholesterol levels in
model animals [16]. The involvement of the Wnt/LRP5
signaling pathway in adipogenesis, insulin secretion,
and glucose tolerance was also shown. Turning off the
LRP5 gene in model mice fed a high fat diet led to an
increase in plasma cholesterol levels. When keeping
mice with LRP5 deficiency on a normal diet, a marked
impairment of glucose tolerance was observed, with a
marked decrease in intracellular ATP and Ca2+ in
response to glucose administration and deterioration
of insulin-dependent secretion. It was shown that
LRP5-deficient pancreatic islets lacked Wnt stimu-
lated insulin secretion. These data suggest that Wnt-
LRP5 signaling promotes glucose-induced insulin
secretion in β-islands [16]. The Wnt/LRP5 signaling
pathway is involved in the metabolism of fatty acids, as
was shown in model animals. Magoori et al. showed
that LRP5 activity modulates plasma triglyceride lev-
els [17]. The rs3736228T polymorphic variant of the
LPR5 gene causes the loss of the functions of this pro-
tein, which in turn leads to a change in lipid metabo-
lism [18]. In this regard, polymorphic variants of the
LRP5 gene are considered as potential risk factors in
the development of metabolic disorders [16, 17].

Then we showed the association of the rs320 poly-
morphic locus of the LPL gene with levels of blood
plasma lipids. Since this polymorphism occurs in
intron, the association is connected not with this poly-
morphic variant, but with the polymorphic locus of
exon 9 (Ser447Ter) that is fully linked with it [19]. It is
believed that the rs320 locus of the LPL gene leads to
a decrease in enzyme activity. This polymorphic
marker caused a discussion in contemporary scientific
RUSSIAN JOURNAL OF GENETICS  Vol. 55  No. 4  
literature. A number of studies showed an association
with the risk of developing metabolic disorders with
the minor G allele [20, 21], whereas, according to
other authors, the risk allele was the T allele [22].
According to Munshi et al., no association with the
rs320 locus of the LPL gene was shown in the Indian
population [23]. Tao He et al. have suggested that the
G allele exerts a protective role in the populations of
Asia, but not Europe, since Europeans have a reverse
relationship with the G allele [22, 24].

We have shown that the variant of the G allele is a
risk factor for the development of T2DM in individu-
als with normal body weight. The relationship of this
variant with elevated levels of cholesterol and LDL has
also been shown. These data are consistent with the
results obtained by others such as Bushueva et al. [24]
in the Russian population, Javorský et al. [20] in the
Slovak population, and Vardarl et al. [21] in the Turk-
ish population. They showed that the GG genotype of
the rs320 locus of the LPL gene is a marker for the
development of T2DM and dyslipidemia [20–24]. No
possible relationship with gender was identified.

The leptin receptor (LEPR) is known to play a key
role in controlling body weight, energy metabolism,
and insulin sensitivity. We analyzed the associations of
LEPR genetic variants with the development of
T2DM. Our study established the relationship of poly-
morphic variants of the LEPR rs1137100 locus with the
body mass index. It was shown that the GG genotype is
a protective marker of obesity but is not related to the
development of T2DM. A large meta-analysis by Yang
and Niu on the K109R locus (rs1137100) also showed
the absence of a statistically significant relationship
between the polymorphic variants of this marker and
the risk of developing T2DM in different populations
around the world [25]. According to GWAS, the G
allele causes a decrease in the level of the soluble form
of the leptin receptor (sOb-R) [26]. According to var-
ious studies, there is an inverse relationship between
the receptor level in serum and body weight, as well as
the development of obesity. On the other hand, Dol-
gushena et al. showed that elevated leptin levels were
detected in Russian carriers of the G allele of the
K109R locus [27]. The association of the LEPR
rs1137100 locus for allele A with obesity was shown by
Rosmond et al. for Swedes and by Okada et al. for
Mexicans [28, 29]. Other authors found no statistically
significant differences concerning this locus in obesity
[30]. The obtained contradictory results indicate the
presence of environmental factors (for example, gen-
der) and interpopulation differences in the frequency
distribution of the polymorphic locus of the LEPR
gene.

We identified an association of polymorphic vari-
ants of the Wnt signaling gene (LRP5) and the lipo-
protein lipase gene (LPL) with the development of
T2DM in the population of Tatars. The presented
association analysis confirms the role of these genes in
2019
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the development of type 2 diabetes. It has been shown
that polymorphic variants of the LEPR gene
(rs1137100) are associated only with obesity but are not
markers for T2DM. Pathogenetically significant inter-
actions of the studied markers with lipid metabolism
in patients were determined. The results obtained are
essential for understanding the molecular mecha-
nisms of the development of T2DM.
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