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Abstract

Objective To investigate the association between low-density lipoprotein receptor-related protein 5
(LRP5) variants (rs12363572 and rs4930588) and type 2 diabetes mellitus (T2DM) in Han Chinese.

Methods A total of 1842 T2DM cases (507 newly diagnosed cases and 1335 previously diagnosed
cases) and 7777 controls were included in this case-control study. PCR-RFLP was conducted to detect
the genotype of the two single nucleotide polymorphisms (SNPs). Odds ratios (ORs) and 95% confidence
intervals (95% Cls) were calculated to describe the strength of the association by logistic regression.

Results In the study subjects, neither rs12363572 nor rs4930588 was significantly associated with
T2DM, even after adjusting for relevant covariates. When stratified by body mass index (BMl), the two
SNPs were also not associated with T2DM. Among the 3 common haplotypes, only haplotype TT was
associated with reduced risk of T2DM (OR 0.820, 95% Cl 0.732-0.919). In addition, rs12363572 was
associated with BMI (P<0.001) and rs4930588 was associated with triglyceride levels (P=0.043) in 507
newly diagnosed T2DM cases but not in healthy controls.

Conclusion No LRP5 variant was found to be associated with T2DM in Han Chinese, but haplotype TT
was found to be associated with T2DM.
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INTRODUCTION

ype 2 diabetes mellitus (T2DM) is a
Tchronic disease, which is characterized by
hyperglycemia resulting from impaired
insulin secretion and insulin resistance'™. Long-term
chronic hyperglycemia often leads to multiple organ
dysfunction and tissue structure abnormalities,
which would pose a serious threat to the health of
patientsm. It is commonly believed that T2DM is
caused by both genetic factors and environmental
factors, but T2DM pathogenesis remains to be
further elucidated, genetic susceptibility seems to
play a crucial role in the development of this
multifactorial disorder®™. In the past few years,
genome-wide association studies (GWAS) have
revealed that many single nucleotide polymorphisms
(SNPs) were associated with T2DM, including SNPs in
the regions near TCF7L2, KCNQ1, PGC-1 and so on®7,
More recently, many other SNPs have been
identified by other studies in addition to GWAS and
meta-analyses[&m].

Low-density  lipoprotein  receptor-related
protein 5 (LRP5) is a member of the low-density
lipoprotein receptor family, which is the co-receptor
ligand of the WNT signaling pathway[”]. One
study found that WNT and insulin signaling
pathways exhibit cross-talk at multiple levels and the
WNT co-receptor LRP5 has a positive effect on
insulin signaling; altered WNT and LRP5 activity can
modify insulin action and insulin resistance in the
pathop- hysiology of diabetes and metabolic
syndrome[m. Experiments also showed that LRP5
was highly expressed in hepatocytes and pancreatic
B cells™™,

In the past, many researchers™"® have focused
on the role of LRP5 in osteoporosis. But DNA
sequence analysis“g]indicated that the LRP5 locus is
on chromosome 11qg13, a region related with type 1
diabetes mellitus, so LRP5 might confer susceptibility
to diabetes. Animal models®® indicated that LRP5
was required for normal cholesterol and glucose
metabolism, and LRP5-deficient mice showed
increased plasma cholesterol levels when fed with
high-fat diet and markedly impaired glucose
tolerance when fed with normal diet. In addition,
many SNPs have been identified in human LRP5 and
were reported to be associated with metabolic
diseases, such as obesity[m, hypercholesterolemialzz]
and hypertensionm'm. However, studies
investigating the role of LRP5 in people’s
susceptibility to type 2 diabetes mellitus (T2DM) are

limited, which were conducted only in Japaneselzs],

United Kingdom populationsm] and Chinese””, and
the results were opposite.
In this study, the association between

polymorphisms of LRP5 and T2DM in Han Chinese
was investigated. Overweight and obesity are strong
risk factors for T2DM™3% and a previous studym]
had reported that LRP5 was associated with obesity.
To understand the LRP5 effect on risk of T2DM other
than the effect on obesity, we compared the
genotypes for patients with diabetes mellitus and
controls with different BMI. In addition, LRP5 was
found to be associated with diabetes-related
metabolic characteristics”™®, so we investigated such
association in 507 newly diagnosed T2DM cases.

METHODS

Study Subjects

The case group included 1842 T2DM patients in
Henan province, i.e. 810 patients selected from rural
area in Luoyang during 2007-2008 and 1032 patients
selected from outpatient departments of three
hospitals in Zhengzhou during 2010-2011, and the
control group included 7777 people with normal
glucose-tolerant level selected from rural area in
Luoyang during 2007-2008. The cases and controls
were from the same rural areas, but they had no
personal relationship. The case group included
previously diagnosed T2DM patients and newly
diagnosed T2DM patients, T2DM was diagnosed
according to the American Diabetes Association
(ADA) criteria®". The patients with type 1 diabetes
mellitus, gestational diabetes and other types of
diabetes mellitus were excluded. The controls had
no history of T2DM and were not diagnosed with
diabetes according to the 2005 ADA criteria. Any
people with cancer, malnutrition (BMI<18.5 kg/m"°),
mentally disturbed, handicapped, obesity (caused by
disease) and those who were taking certain drugs or
were pregnant were excluded from the case group
and control group. All the subjects belonged to Han
ethnic group. In addition, considering that metabolic
characteristics of previously diagnosed patients were
different from true levels due to the treatment, we
analyzed genotypes for only 507 newly diagnosed
T2DM  patients  with  different  metabolic
characteristics. The study was approved by the
Ethics Committees of Zhengzhou University, and
informed consent was obtained from all the subjects
before data collection.
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Research Design

This  case-control  study consisted of
questionnaire interview, anthropometric
measurement and laboratory test. Data were
collected by trained staff. Body weight, body height
and waist circumference (WC) were measured by
using standard techniques. BMI was calculated as
weight in kilograms divided by height in meters
squared (kg/m°). Blood samples were collected with
vacuum tubes containing ethylene diamine
tetraacetic acid anticoagulant in the morning after
an overnight fast. Plasma was separated to detect
fasting plasma glucose (FPG) level and the levels of
total cholesterol (TC), triglyceride (TG) and
high-density lipoprotein-cholesterol (HDL-C);
low-density lipoprotein-cholesterol (LDL-C) levels
were calculated by using Freidwald formula®?.

DNA Extraction and Genotyping

Genomic DNA was extracted from whole blood
by using genomic DNA purification kit (Yaneng BIO,
Shenzhen, China). The tagging SNPs were selected
for genotyping from the Chinese Han Beijing (CHB)
population data of HapMap (HapMap Data
Rel#27/phase lI+l1l, Feb09, on NCBI B36 assembly,
dbSNP  b126) by using Haploview 4.2
(http://www.broad.mit.edu/haploview) according to
the inclusion criteria as follows: minor allele
frequencies (MAF ) >0.01 and linkage disequilibrium
by r’<0.8. Primers were designed by using Primer
Premier v5.0 (PREMIER Biosoft International, Palo
Alto, CA, USA). Polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) was
conducted to detect the genotype. In fact, 12 tagging
SNPs of LRP5 were selected in this study, but only
rs12363572 and rs4930588 can be genotyped
successfully by PCR-RFLP. So only this two SNPs were
used in this study.

The primer sequences for rs12363572 were
5'-AGT GGG AAG ATC CCT TGA GTC C-3' (forward),
5'-TCT ATT CAC GTC CTT TGC CCA T-3' (reverse). All
the reactions were performed in a total volume of 20
pL reaction volume containing 50 ng genomic DNA, 5
pmol each primer, 10 uL 2xTaq PCR mix (Laifeng BIO,
Shanghai) containing 1 mmol/L MgCl,, 100 ummol/L
dNTPs, and 0.5 U Taq polymerase. The amplification
program was initial precycling denaturation at 95 °C
for 5 min, denaturation for 30 cycles at 95 °C for 30 s,
then annealing at 55.5 °C for 30 s, extension at 72 °C
for 30 s, and final extension at 72 °C for 8 min. The
PCR product was digested overnight at 65 °C with 5

U restriction enzyme Tail (Fermentas, USA), and
resolved in 4% agarose gel ethidium bromide
(Solarbio, Beijing) with electrophoresis for genotype
analysis.

The primer sequences for rs4930588 were
5'-TGG CCT TTA ATT GCC TGC ACC AG-3' (forward),
5'-CAA AGC AGA TGT GGA ACG GAC T-3' (reverse).
The genotyping conditions were same as for
rs12363572, but the annealing temperature was
58.1 °C, and the PCR product was digested overnight
at 37 °C with 5 U restriction enzyme Tail (Fermentas,
USA).

Statistical Analysis

Quantitative  variables  with  non-normal
distribution are presented as median [25th-75th
percentile (Q1-Q3)], and categorical data are shown
as number (%). Mann-Whitney Wilcoxon test was
used to assess the differences in quantitative
variables and chi-square test was used for
categorical data. The two SNPs were tested for
Hardy-Weinberg  equilibrium  with  chi-square
goodness-of-fit test in the control group. Allele
frequency was calculated by using genotype
counting, and chi-square test was used to determine
the difference in allele frequency between case
group and control group. Logistic regression analysis
was conducted to calculate ORs and 95% ClI for the
association between SNPs and T2DM after
controlling for covariates (sex, age, BMI, WC, TC, TG,
HDL-C, and LDL-C), Bonferoni correction was used
for multiple testing due to the increased risk of a
type | error (a'=a/n). Data were analyzed with
software SAS 9.1 for Windows (SAS Inst. Inc., Cary,
NC, USA). Sample Size Calculations (Mark Woodward,
The George Institute International Health; Lesley
Francis, MIS Consultants) was used to calculate the
sample size and power. Calculation of pairwise
linkage disequilibrium  (LD) coefficients and
haplotype analysis involved use of SHEsis™. All the
tests were two tailed and P<0.05 was considered
statistically significant.

RESULTS

Characteristics of Study Subjects

The characteristics of the study subjects are
shown in Table 1. A total of 1842 T2DM patients and
7777 controls with normal glucose-tolerant level
were included. The proportion of males was higher
in case group than in control group (50.22% vs.
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41.33%, P<0.001) and the median (Q1-Q3) age of the
cases was older than that of controls [54.0
(45.0-61.0) vs. 49.0 (40.0-58.0) years, P<0.001]. As
expected, BMI, WC, FPG, and levels of TC, TG, and
LDL-C were higher in case group, but HDL-C level was
higher in control group (all P<0.001).

Association between LRP5 Polymorphisms and
T2DM

Both rs12363572 and rs4930588 were in
agreement with Hardy-Weinberg equilibrium in 7777
controls (P=0.055 and P=0.067, respectively).
Neither rs12363572 nor rs4930588 SNP was
associated with risk of T2DM in terms of allele,
genotype, dominant model or recessive model
analysis (Table 2).

It was estimated that with a sample of 1842
T2DM patients and 7777 controls, the prevalence of
the risk factor in control was 7.69%, the study would
have 99.5% power to detect an increase of 50% in
the risk of cases than the controls, and would have
100% power to detect an increase of 60%, at a
significance level of 0.05 for a two-sided test. So our
sample size was adequate to achieve sufficient
power.

Association between LRP5 Polymorphisms and
T2DM by BMI

Because of the low minor allele frequency (MAF)
for the rs12363572 T allele and rs4930588 G allele in
controls (0.077 and 0.139, respectively), a dominant
model was used in this study for stratified analysis
(Table 3). In the normal-weight subgroup (BMI<25
kg/mz), rs12363572 was not associated with risk of

T2DM. However, in the overweight/obesity
subgroup (BMI225 kg/m’), the CT+TT genotype
seemed to be associated with reduced risk of T2DM
after adjustment for the relevant covariates (CT+TT
vs. CC, OR=0.809, 95% Cl: 0.661-0.990, P=0.039), but
this association was found to be false-positive after
used Bonferoni correction (P>0.025). In addition,
rs4930588 was not associated with the risk of T2DM
in any subgroups (all P>0.05).

Association between LRP5 Haplotypes and T2DM

Haplotype analysis revealed moderate LD
between the LRP5 variants analyzed (D'/r’=
0.495/0.003) (Figure 1). The 2 SNPs defined 3 common

rs12363572
rs4930588

[y
N

49

Figure 1. LD plot for rs12363572 and
rs4930588 in Han Chinese.

Table 1. Demographic Characteristics of Cases and Controls

Characteristics Cases (n=1842) Controls (n=7777) P Value
Male 925 (50.22) 3,214 (41.33) <0.001"
Age (y) 54.0 (45.0-61.0) 49.0 (40.0-58.0) <0.001"
BMI (kg/m?) 27.38 (24.53-30.73) 23.83 (21.64-26.24) <0.001"
WC (cm) 90.50 (83.50-101.34) 81.35 (74.90-88.50) <0.001"
FPG (mmol/L) 7.62 (6.13-9.91) 5.19 (4.88-5.51) <0.001"
TC (mmol/L) 4.87 (4.23-5.59) 4.28 (3.74-4.89) <0.001"
TG (mmol/L) 1.73 (1.18-2.60) 1.32(0.95-1.91) <0.001"
HDL-C (mmol/L) 1.10 (0.96-1.27) 1.14 (0.98-1.31) <0.001"
LDL-C (mmol/L) 2.94 (2.4-3.49) 2.40 (2.20-2.90) <0.001"

Note. Continuous data are presented as median (Q1-Q3) with non-normal distribution; categorical data
are shown as n (%). BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; TC, total
cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol. ~ Mann-Whitney Wilcoxon test. ¥ Pearson chi-square test.



514

Biomed Environ Sci, 2015; 28(7): 510-517

haplotypes with frequencies >0.03 (Table 4). After
analyzing all the estimated haplotypes, only
haplotype TT was associated with the reduced risk of
T2DM (OR=0.820, 95% Cl: 0.732-0.919, P<0.001).

Association between LRP5 Polymorphisms and
Diabetes-related Metabolic Characteristics

Among 507 newly diagnosed T2DM patients,
BMI was lower in the patients with CT+TT genotype

of rs12363572 than in the patients with CC genotype
[25.45 (22.82-27.96) vs. 27.08 (24.41-30.15) kg/m’,
P<0.001] (Table 5). The TG level was lower
for patients with TG+GG genotype of rs4930588
than in the patients with TT genotype [1.66
(1.15-2.48) vs. 1.89 (1.34-2.85) mmol/L, P=0.043]. In
controls, no metabolic characteristics were
associated with rs12363572 or rs4930588 SNPs (data
not shown).

Table 2. Association between SNPs in LRP5 and T2DM in Han Chinese

Cases

Controls

Crude

SNPs n (%) n (%) OR (95% Cl) PVvalue ORA((’sJ;;/:egl)* PValue’
rs12363572
Allele
c 3,435 (93.24) 14,358 (92.31) Reference
T 249 (6.76) 1,196 (7.69) 0.870 (0.755-1.003) 0.054
Genotype
cc 1,605 (87.13) 6,639 (85.37) Reference Reference
cT 225 (12.21) 1,080 (13.89) 0.862 (0.739-1.005) 0.058 0.924 (0.772-1.107) 0.392
T 12 (0.65) 58 (0.75) 0.856 (0.459-1.597) 0.625 0.881 (0.405-1.916) 0.750
Dominant model
cc 1,605 (87.13) 6,639 (85.37) Reference Reference
CT+TT 237 (12.87) 1138 (14.63) 0.861 (0.741-1.001) 0.052 0.922 (0.773-1.100) 0.370
Recessive model
CC+CT 1,830 (99.35) 7,719 (99.25) Reference Reference
T 12 (0.65) 58 (0.75) 0.873 (0.468-1.628) 0.669 0.890 (0.410-1.935) 0.769
rs4930588
Allele
T 3,150 (85.50) 13,389 (86.08) Reference
G 534 (14.50) 2,165 (13.92) 1.049 (0.947-1.162) 0.359
Genotype
T 1,356 (73.62) 5,782 (74.35) Reference Reference
TG 438 (23.78) 1,825 (23.47) 1.204 (0.869-1.668) 0.264 0.974 (0.654-1.450) 0.895
GG 48 (2.61) 170 (2.19) 1.023 (0.908-1.154) 0.706 1.066 (0.926-1.228) 0.372
Dominant model
T 1,356 (73.62) 5,782 (74.35) Reference Reference
TG+GG 486 (26.38) 1,995 (25.65) 1.039 (0.926-1.166) 0.516 1.058 (0.923-1.212) 0.420
Recessive model
TT+TG 1,794 (97.39) 7,607 (97.81) Reference Reference
GG 48 (2.61) 170 (2.19) 1.197 (0.866-1.656) 0.277 0.959 (0.645-1.425) 0.834

Note. -Adjusted for sex, age, BMI, WC, TC, TG, HDL-C, and LDL-C.
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Table 3. Association between Genotype and T2DM by BMI
Subgrouns Genotvpe Cases Controls Crude P Adjusted . P
group P n (%) n (%) OR (95% Cl) Value OR (95% Cl) Value
rs12363572
BMI<25 kg/m’ cC 449 (84.72) 4,204 (85.22) Reference Reference
CT+TT 81 (15.28) 729 (14.78)  1.041(0.811-1.335)  0.753  1.054(0.819-1.357)  0.683
BMI=25 kg/m’ cc 1,156 (88.11) 2,435 (85.62) Reference Reference
CT+TT 156 (11.89) 409 (14.38)  0.803 (0.660-0.979)  0.030  0.809 (0.661-0.990)  0.039
rs4930588
BMI<25 kg/m’ T 395 (74.53) 3,660 (74.19) Reference Reference
TG+GG 135(25.47) 1,273 (25.81)  0.983(0.800-1.207)  0.868  0.893(0.711-1.122)  0.332
BMI=25 kg/m’ T 961 (73.25) 2,122 (74.61) Reference Reference
TG+GG 351 (26.75) 722(25.39) 1.073(0.925-1.245)  0.350  1.141(0.963-1.353)  0.128
.
Note. Adjusted for sex, age, WC, TC, TG, HDL-C, and LDL-C.
.
Table 4. Association between common Haplotypes of 2 SNPs in LRP5 and T2DM Risk
Cases Controls o
Haplotype rs12363572 rs4930588 n (%) n (%) OR (95% CI) P Value
1 C G 1010 (13.71) 2089 (13.43) 1.027 (0.947-1.114) 0.517
2 C T 5860 (79.53) 12,269 (78.88) 1.058 (0.987-1.134) 0.113
3 T T 440 (5.97) 1120 (7.20) 0.820(0.732-0.919) <0.001
*
Note. Haplotypes with frequency <0.03 not considered in this analysis.
Table 5. Two SNP Genotypes in Newly Diagnosed T2DM Subjects with Different
Metabolic Characteristics (n=507)
rs12363572 rs4930588
Metabolic " "
Characteristics cc CT+TT 4 1T TG+GG R
(n=440) (n=67) Pvalue (n=388) (n=119) PValue
BMI (kg/m?) 27.08 (24.41-30.15) 25.45(22.82-27.96)  <0.001  26.67 (24.05-30.00) 27.34(24.76-29.83)  0.424
WC (cm) 90.80 (83.75-100.00)  87.50 (82.70-95.25) 0.058  90.25(83.75-99.50) 91.00(83.00-99.50)  0.937
FPG (mmol/L) 7.61(6.54-9.52) 7.48 (6.40-9.40) 0.997 7.67 (6.60-9.73) 7.41(6.33-9.23) 0.268
TC (mmol/L) 4.97 (4.24-5.69) 4.98 (4.33-5.48) 0.951 4.98 (4.24-5.69) 4.97 (4.28-5.58) 0.604
TG (mmol/L) 1.83 (1.28-2.88) 1.82(1.33-2.27) 0.551 1.89 (1.34-2.85) 1.66 (1.15-2.48) 0.043
HDL-C (mmol/L) 1.13 (0.98-1.30) 1.08 (0.96-1.29) 0.339 1.13 (0.98-1.29) 1.10 (0.97-1.30) 0.900
LDL-C (mmol/L) 2.90 (2.30-3.50) 2.91(2.30-3.43) 0.896 2.86 (2.30-3.43) 2.93 (2.30-3.58) 0.517

Note. Data are median (Q1-Q3) for non-normal distributions. "Because of the low proportion of subjects
homozygous for the rare allele of rs12363572 and rs4930588 in newly diagnosed diabetes cases (0 and 0.014,
respectively), we merged subjects homozygous and heterozygous for the rare allele in this analysis.

*Mann-Whitney Wilcoxon test.

DISCUSSION

In this study, LRP5 variants were not associated
with T2DM in a sample of Chinese, the two SNPs were
also not associated with T2DM when stratified by
BMI, but haplotype TT of rs12363572 and rs4930588

showed an association with T2DM. rs12363572 was
associated with BMI and rs4930588 was associated
with TG in 507 newly diagnosed T2DM cases but not
in healthy controls.

Our findings were similar to that previously
reported in the samples of Japaneselzs] and
Chinese™, but a United Kingdom cohort study[ZG]
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found a significant association between LRP5
polymorphisms and increased T2DM incidence.
Some factors may explain the discrepant results in
different populations. First, different SNPs were
selected to represent the LRP5 gene in different
regions due to the geographical and ethnic
differences, the Japan studylzs] used rs312016,
rs4988300, rs7944040, rs638051, rs4930573,
rs314750, rs556442, rs3736228, and rs3781579 as
the target loci, the China studym] used rs3736228
and the United Kingdom study™ used rs491347,
rs71166004, and rs3781600. Second, the ethnicity is
an important factor in genetic association
studies®**!; different ethnic groups have different
susceptibility to diabetes®®*”). At last, the effect
might be modified by environmental factors or
functional polymorphisms in other genes, which
would vary across populations. Stratified analysis
showed that there was no interaction between LRP5
variants and overweight or obesity. Further
investigations of more regions are needed to
elucidate the association between diabetes, obesity
and gene variants. In addition, A strong association
between haplotype TT and risk of T2DM was found
in this study (P<0.001), but the Japan studylzs] found
no such association.

Animal experimentsm] and population studies
indicted that LRP5 was associated with
diabetes-related metabolic characteristics, such as
BMI, glucose metabolic parameters and lipid
metabolic parameters. In this study, it was found
that LRP5 was associated with BMI and TG level in
newly diagnosed T2DM patients but not in healthy
controls. However, the Japan studylzs] did not find
such association in T2DM patients or healthy
controls. The Japan study surveyed previously
diagnosed T2DM patients and their metabolic
indicators could not reflect the true level due to the
treatment and long disease duration. Some studies
in healthy people also reported no association
between LRP5 and BMI or TG level among Chinese
(Shanghai)lsal, Japanese women®® or Caucasians®®".
However, a cohort study[ZG] found that LRP5 was
strongly associated with TG level in middle-aged
United Kingdom men who were healthy at entry and
were followed for >15 years. The different results
could be explained by the differences in population,
gene, dietary habit, lifestyle, and the characteristics
of study subjects.

This study is the first one to report the
association between LRP5 SNPs (rs12363572 and
rs4930588) and T2DM risk in Han Chinese. In

[26]

[26]

addition, a relatively large sample (9619 subjects)
was used, which reduced the possibility of
false-positive and false-negative results. The
limitation is that the 2 common polymorphisms do
not represent the whole LRP5 gene, so further study
(using other tagging SNPs) is needed.

In summary, no association between the 2 SNPs
in LRP5 and T2DM risk was in Han Chinese in this
study, but haplotype TT of rs12363572 and
rs4930588 was found to be associated with T2DM.

ACKNOWLEDGEMENTS

We thank the staffs at the Military Hospital of
Henan Province and Luoyang CDC for their
assistance in recruiting patients. The authors declare
no conflicts of interest.

Received: December 28, 2014;

Accepted: May 13, 2015

REFERENCES

1. Alberti KG, Zimmet PZ. Definition, diagnosis and classification
of diabetes mellitus and its complications. Part 1: diagnosis
and classification of diabetes mellitus provisional report of a
WHO consultation. Diabet Med, 1998; 15, 539-53.

2. Abegunde D, Stanciole A. An estimation of the economic
impact of chronic noncommunicable diseases in selected
countries. Geneva, WHO. 2006.

3. Mihaescu R, Meigs J, Sijbrands E, et al. Genetic risk profiling for
prediction of type 2 diabetes. PLoS Curr, 2011; 3, RRN1208.

4. Wang J, Li L, Zhang J, et al. Association of rs7903146 (IVS3C/T)
and rs290487 (IVS3C/T) polymorphisms in TCF7L2 with type 2
diabetes in 9619 Han Chinese population. PLoS One, 2013; 8,
25.

5. Kunej T, Globocnik Petrovic M, Dovc P, et al. A Gly482Ser
polymorphism of the peroxisome proliferator-activated
receptor-gamma coactivator-1 (PGC-1) gene is associated with
type 2 diabetes in Caucasians. Folia Biol, 2004; 50, 157-8.

6. Schwab M, Lupescu A, Mota M, et al. Association of SGK1 gene
polymorphisms with type 2 diabetes. Cell Physiol Biochem,
2008; 21, 151-60.

7. Vats P, Sagar N, Singh TP, et al. Association of Superoxide
dismutases (SOD1 and SOD2) and Glutathione peroxidase 1
(GPx1) gene polymorphisms with type 2 diabetes mellitus. Free
Radic Res, 2015; 49, 17-24.

8. Wang J, Hu F, Feng T, et al. Meta-analysis of associations
between TCF7L2 polymorphisms and risk of type 2 diabetes
mellitus in the Chinese population. BMC Med Genet, 2013; 14,
1471-2350.

9. Saxena R, Voight BF, Lyssenko V, et al. Genome-wide
association analysis identifies loci for type 2 diabetes and
triglyceride levels. Science, 2007; 316, 1331-6.

10.Sladek R, Rocheleau G, Rung J, et al. A genome-wide
association study identifies novel risk loci for type 2 diabetes.
Nature, 2007; 445, 881-5.

11.Tamai K, Semenov M, Kato Y, et al. LDL-receptor-related prot-



Association between LRP5 polymorphisms and T2DM

517

eins in Wnt signal transduction. Nature, 2000; 407, 530-5.

12.Palsgaard J, Emanuelli B, Winnay JN, et al. Cross-talk between
insulin and Wnt signaling in preadipocytes: role of Wnt
co-receptor low density lipoprotein receptor-related protein-5
(LRP5). J Biol Chem, 2012; 287, 12016-26.

13.Kim DH, Inagaki Y, Suzuki T, et al. A new low density
lipoprotein receptor belated protein, LRP5, is expressed in
hepatocytes and adrenal cortex, and recognizes apolipoprotein
E J Biochem, 1998; 124, 1072-6.

14.Figueroa DJ, Hess JF, Ky B, et al. Expression of the type |
diabetes-associated gene LRP5 in macrophages, vitamin A
system cells, and the Islets of Langerhans suggests multiple
potential roles in diabetes. J Histochem Cytochem, 2000; 48,
1357-68.

15.Balemans W, Van Hul W. The genetics of low-density
lipoprotein receptor-related protein 5 in bone: a story of
extremes. Endocrinology, 2007; 148, 2622-9.

16.Coin A, Sergi G, Beninca P, et al. Bone mineral density and
body composition in underweight and normal elderly subjects.
Osteoporos Int, 2000; 11, 1043-50.

17.Funakoshi Y, Omori H, Yada H, et al. A1330V polymorphism of
the low-density lipoprotein receptor-related protein5 gene
and bone mineral density in Japanese male workers. Environ
Health Prev Med, 2011; 16, 106-12.

18.van Meurs JBJ, Trikalinos TA, Ralston SH, et al. Large-scale
analysis of association between LRP5 and LRP6 variants and
osteoporosis. JAMA, 2008; 299, 1277-90.

19.Hey PJ, Twells RC, Phillips MS, et al. Cloning of a novel member
of the low-density lipoprotein receptor family. Gene, 1998; 216,
103-11.

20.Fujino T, Asaba H, Kang MJ, et al. Low-density lipoprotein
receptor-related protein 5 (LRP5) is essential for normal
cholesterol metabolism and glucose-induced insulin secretion.
Proc Natl Acad Sci U S A, 2003; 100, 229-34.

21.Guo Yf, Xiong Dh, Shen H, et al. Polymorphisms of the
low-density lipoprotein receptor-related protein 5 (LRP5) gene
are associated with obesity phenotypes in a large family-based
association study. J Med Genet, 2006; 43, 798-803.

22.Suwazono Y, Kobayashi E, Uetani M, et al. G-protein beta 3
subunit polymorphism C1429T and low-density lipoprotein
receptor-related protein 5 polymorphism A1330V are risk
factors for hypercholesterolemia in Japanese males-a
prospective study over 5 years. Metabolism, 2006; 55, 751-7.

23.Suwazono Y, Kobayashi E, Uetani M, et al. Low-density
lipoprotein receptor-related protein 5 variant A1330V is a
determinant of blood pressure in Japanese males. Life Sci,
2006; 78, 2475-9.

24.Suwazono Y, Kobayashi E, Uetani M, et al. Low-density
lipoprotein receptor-related protein 5 variant Q89R s
associated with hypertension in Japanese females. Blood Press,
2006; 15, 80-7.

25.Zenibayashi M, Miyake K, Horikawa Y, et al. Lack of association
of LRP5 and LRP6 Polymorphisms with type 2 diabetes mellitus
in the Japanese population. Endocr J, 2008; 55, 699-707.

26.Guardiola M, Ken-Dror G, Humphries SE, et al. LRP5 variants
are associated with triglycerid levels and type 2 diabetes
(Abstract). Atherosclerosis, 2009; 207, ES8.

27.Xuan M, Wang Y, Wang W, et al. Association of LRP5 gene pol-
ymorphism with type 2 diabetes mellitus and osteoporosis in
postmenopausal women. IntJ Clin Exp Med, 2014; 7, 247-54.

28.Fujimoto WY, Boyko EJ, Hayashi T, et al. Risk Factors for Type 2
Diabetes: Lessons Learned from Japanese Americans in Seattle.
J Diabetes Investig, 2012; 3, 212-24.

29.Hu D, Xie J, Fu P, et al. Central rather than overall obesity is
related to diabetes in the chinese population: The InterASIA
study. Obesity (Silver Spring), 2007; 15, 2809-16.

30.Sung KC, Jeong WS, Wild SH, et al. Combined influence of
insulin resistance, overweight/obesity, and fatty liver as risk
factors for type 2 diabetes. Diabetes Care, 2012; 35, 717-22.

31.Association AD. Standards of medical care in diabetes.
Diabetes Care, 2005; 28 Suppl 1, S4-S36.

32.Cantin B, Lamarche B, Despres JP, et al. Does correction of the
friedewald formula using lipoprotein(a) change our estimation
of ischemic heart disease risk? The Quebec Cardiovascular
Study. Atherosclerosis, 2002; 163, 261-7.

33.Li Z, Zhang Z, He Z, et al. A partition-ligation- combination-
subdivision EM algorithm for haplotype inference with
multiallelic markers: update of the SHEsis (http:// analysis.bio-
x.cn). Cell Res, 2009; 19, 519-23.

34.1oannidis JP, Patsopoulos NA, Evangelou E. Heterogeneity in
meta-analyses of genome-wide association investigations.
PLoS One, 2007; 2, e841.

35.Klimentidis YC, Abrams M, Wang JL, et al. Natural selection at
genomic regions associated with obesity and type-2 diabetes:
East Asians and sub-Saharan Africans exhibit high levels of
differentiation at type-2 diabetes regions. Hum Genet, 2011;
129, 407-18.

36.Li YY. ENPP1 K121Q polymorphism and type 2 diabetes
mellitus in the Chinese population: a meta-analysis including
11 855 subjects. Metabolism, 2012; 61, 625-33.

37.McAteer JB, Prudente S, Bacci S, et al. The ENPP1 K121Q
polymorphism is associated with type 2 diabetes in European
populations: evidence from an updated meta-analysis in
42,042 subjects. Diabetes, 2008; 57, 1125-30.

38.Yu JB, Ke YH, He JW, et al. No association between LRP5 gene
polymorphisms and bone and obesity phenotypes in Chinese
male-offspring nuclear families. Acta Pharmacol Sin, 2010; 31,
1464-9.

39.Ezura Y, Nakajima T, Urano T, et al. Association of a single-
nucleotide variation (A1330V) in the low-density lipoprotein
receptor-related protein 5 gene (LRP5) with bone mineral
density in adult Japanese women. Bone, 2007; 40, 997-1005.



