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Abstract: The current study aimed to evaluate the relationships between the DON and N291S polymorphisms and
coronary disease risk. We searched the PUBMED, EMBASE, and ISI web of science databases to identify eligible
published studies without language restrictions up to May 2016. Summary odds ratios (ORs) and 95% confidence
intervals (Cls) were estimated under different genetic models using meta-analytic methods. Stratified analysis and
sensitivity analysis were performed to explore potential sources of heterogeneity. A total of eligible 12 articles were
included in this meta-analysis. The carriers of the DON genotype experienced a 1.57-fold increased risk of coronary
disease when compared to non-carriers with the AA genotype (OR=1.57, 95% Cl: 1.32-1.81). The significant relation-
ships between the DON polymorphism and coronary disease were also observed in other genetic models (all P <
0.05). Stratified analysis based on ethnicity found that the D9N polymorphism had a significant association with the
increased risk of the disease in the White population (OR=1.62, 95% CI: 1.36-1.88), but not in the Black and Asian
populations (Black: OR=1.48, 95% Cl, 0.61-2.36; Asian: OR=0.33, 95% Cl, 0.04-2.83). There were no significant
associations of the N291S polymorphism with coronary disease in all genetic models (all P > 0.05). The present
meta-analysis indicated that the LPL DON polymorphism could significantly increase the susceptibility to coronary
disease, especially in the White population. No significant association between the LPL N291S polymorphism with
this disease was observed in diverse populations.
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of LPL have been deserved to be associated
with LPL activity, and the activity partly accounts
for the risk of coronary disease through mediat-
ing lipid metabolism [5]. In addition to these
rare mutations, the DON and N291S polymor-
phisms in the LPL gene have been identified to
have a more modest effect on LPL catalytic
function. These two common structural vari-
ants have been shown to reduce LPL lipolytic
activity in the in vitro expression of LPL by COS
cells, indicating that they may play a key role in
increasing risk of coronary disease. Recently,
many studies have investigated the associa-
tions of the DON and N291S polymorphisms
with the coronary disease risk; however, the

Introduction

Coronary disease is greatly harmful to people’s
health, which is one of major causes of morbid-
ity and mortality annually all over the world.
Coronary disease is caused by the complicated
interaction of environment and inheritance,
and the lipid metabolism disorder plays an
important role in the pathogenesis [1, 2]. In
prospective studies, the higher level of very
low density lipoprotein (VLDL) and low density
lipoprotein (LDL) have a positive correlation
with risk of CAD, however high density lipopro-
tein (HDL) is inverse. During the process of lipid
metabolism, Lipoprotein lipase (LPL) plays a
key role, which can hydrolyze core TG from cir-

culating chylomicron and VLDL, in transferring
phospholipids and apolipoproteins to HDL,
which will result in low TG and high HDL [3].

The LPL gene is located on chromosome 8p22,
spans 30 kb, composed of 10 exons [4], and
has a trait of polymorphism. Several mutations

results from previous studies have been incon-
sistent. In addition, whether or not the associa-
tions of two polymorphisms were controversial
for different populations remained unclear.

Therefore, we conducted a meta-analysis to
evaluate the relationships between the D9N
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Studies identified through literature search (n=1031)
Pubmed (n=344)
Embase (n=214)
I1SI Web of science (n=473)

—# Duplicate publications removed (n=185) |

| Publications for screening on titles and abstracts (n=846) |

Obviously irrelevant records excluded (n=815) ‘

| Full-text articles evaluated for eligibility (n=31) ‘

Excluded (n=19)
Animals studies (n=2)
Reviews (n=3)
Studies not about coronary disease (n=5)
Studies not about these polymorphisms (n=7)
Studies with insufficient data (n=2)

Full-text articles evaluated for eligibility (n=12):
Studied about LPL D9N polymorphism (n=10)
Studied about LPL N291S polymorphism (n=7)

Figure 1. Flowchart for the selection of eligible stud-
ies.

and N291S polymorphisms and risk of coro-
nary disease. Furthermore, stratified analyses
were also conducted to explore associations
with differentiation in ethnicity.

Materials and methods
Search strategy

The present methods recommendations were
followed and a prospective protocol was used
to enable compliance with the Preferred
Reporting ltems for Systematic Reviews and
Meta-Analyses guidelines.

We searched PubMed, Web of science and
EMBASE, updated on May, 2016, without lan-
guage restrictions with the following search
terms: “Asp9Asn”, “N291S”, “G280A”, “Asrs268-
er”, “DON”, or “A1127G” and combined with
“coronary disease”, “coronary heart disease”,
“coronary artery disease (CAD)” or “myocardial
infarction (Ml)”. We also searched the reference
lists of retrieved articles. Corresponding au-
thors were contacted, in most cases success-
fully, for methodological clarifications and
retrieval of missing data.

Study selection criteria

The included studies fulfilled the following inclu-
sion criteria: (1) using cross-sectional, case-
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control, or cohort design; (2) an original report
evaluating the association of any of the DON or
N291S with the risk of coronary disease; (3)
providing an odds ratio (OR) with 95% confi-
dence interval (Cl) under any genetic models or
sufficient data to estimate them. Studies would
be excluded if they did not fulfill the following
criteria: (1) studies not about coronary disease;
(2) studies not about DON or N291S polymor-
phisms; (3) studies with insufficient data. When
multiple publications reported the same or
overlapping data, the study with the largest
sample size or the latest study was included in
the meta-analysis. According to these criteria,
the studies were selected by two independent
investigators (F.J and H.Z), and any disagree-
ment was resolved by discussion with a senior
author (JF.Z) for adjudication.

Data extraction and quality assessment

Two investigators (F.J and H.Z) checked study
eligibility. Disagreements were resolved thro-
ugh discussion or referral to a senior investiga-
tor (JF.Z). The following information was extract-
ed from each study: authors, year of publication,
study design, ethnicity, mean age, the number
of cases and controls, genotyping method,
diagnosis method of disease, frequencies of
genotypes in cases and controls for each of the
genotypes/polymorphisms, whether or not the
genotype distributions among controls were in
accordance with Hardy-Weinberg equilibrium
(HWE). The results were compared, and dis-
agreements were discussed among all authors
and resolved with consensus.

The quality of the included studies was inde-
pendently appraised with the Newcastle-
Ottawa Scale (NOS), which used a ‘star’ rating
system to evaluate the quality of observational
studies [6]. The NOS criteria include three
broad perspectives-the selection, comparabili-
ty and exposure-and the scores range from
zero (worst) up to nine stars (best). A score of 5
or greater was considered high quality, where-
as the scores less than 5 were considered low
quality [7, 8].

Statistical analysis

HWE was assessed via the chi-square test for
genotypes (P < 0.05 was considered signific-
ant deviation from HWE). The associations
between LPL the DON or N291S polymorphisms
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Table 1. Characteristics of studies included in this meta-analysis

Surname Ethnicity StuFiy Sample size Mean Age, ¥ Genotyping Method HWE Stugy
design  (Cases/Contros) (Case/Control) quality*

DON polymorphism
Hamid et al, 2015 Black Case-control 54/59 NA/NA PCR-RFLP NP 4
Rebhi et al, 2012 Black Case-control 212/104 60.6/59.4 PCR-RFLP YES 7
Bhanushali et al, 2010 Asian Case-control 90/150 NA/NA PCR YES 6
Izar et al, 2009 White Case-control 386/604 62/59 PCR-RFLP YES 7
Schmidt et al, 2007 White Cohort 916/7540 52.5/44.9 PCR YES 7
Bockxmeer et al, 2000 White Case-control 721/691 43.3/39.9 PCR YES 7
Talmud et al, 2000 White Case-control 134/2574 56.7/56.0 PCR YES 7
Kastelein et al, 1999 White Case-control 1997/5171 NA/NA PCR YES 6
Mailly et al, 1996 White Case-control 641/806 NA/NA PCR YES 6
Zhang et al, 1995 White Case-control 238/85 NA/NA PCR-RFLP YES 6

N291S polymorphism
Hamid et al, 2015 Black Case-control 54/59 NA/NA PCR-RFLP NP 4
Rebhi et al, 2012 Black Case-control 212/104 60.6/59.4 PCR-RFLP YES 7
Franceschini et al, 2011 White Cohort 8404/4004 63.4/61.7 Tagman assays YES 7
Schmidt et al, 2007 White Cohort 916/7540 52.5/44.9 PCR YES 7
Ferencak et al, 2003 White Case-control 479/200 59.3/55.1 Multilocus genotyping assay ~ YES 6
Talmud et al, 2000 White Case-control 134/2574 56.7/56.0 PCR YES 7
Kastelein et al, 1999 White Case-control 54/59 NA/NA PCR YES 6

NP, not reported; HWE, Hardy-Weinberg equilibrium. *Study score was judged based on Newcastle-Ottawa Scale.

Table 2. Results of meta-analysis of the associations between
the DON or N291S polymorphisms and risk of coronary dis-

ease using different genetic models

conducted to investigate potenti-
al sources of heterogeneity. More-
over, sensitivity analyses are per-

formed to assess the stability of

Genotype contrast N OR 95% ClI Heterogeneity )
2 P the pooled results by sequentially
- removing one study at a time.
DON polymorphism . L .
polymorph Potential publication bias was ana-
GC+GG versus CC 10 156 1.31t01.80 0 0.82 lyzed by the Begg's funnel plot and
G versus C 4 145 112to1.76 1890% 0.30 Egger's regression test. STATA ver-
GC versus CC 3 140 1.08t02.01 33.60% 0.22 sion 11.0 (Stata Corp LP, College
GG versus CC 1 162 043t06.13 Station, TX, USA) was used for all
N291S polymorphism statistical analyses. P value of <
GC+GG versus CC 6 119 0.53t01.85 83.50% <0.001 0.05 was considered statistically
G versus C 3 0.36 0.13t01.001 91.20% < 0.001 significant.
GC versus CC 2 136 0.27t01.79 0 0.95
GG versus CC 1 0.6 0.13t01.00 Results
Cl, confidence interval; MI, myocardial infarction; OR, odds ratio. L.
Study characteristics

and risk of coronary disease were estimated by
calculating pooled ORs and 95% CI under the
dominant, heterozygous, homozygous and allel-
ic genetic models respectively. Random-effects
model or fixed-effects model by using Mantel-
Haentzel statistics will be chosen according to
degree of heterogeneity. Heterogeneity across
individual studies was evaluated by calculating
the Cochran’s Q statistic and the I test (P <
0.10 indicates the evidence of heterogeneity
and I? > 50% indicated a statistical signifi-
cance). In addition, the stratified analyses were
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Based on our search strategy, a total of 1031
potentially eligible articles were identified. Af-
ter the removal of duplicate publications, 846
studies were considered of potential relevance
(Figure 1). The remaining studies were retrieved
for full-text review, and twelve articles concern-
ing the DON or N291S polymorphisms and risk
of coronary disease were included in the final
meta-analysis [9-20]. Main characteristics of
the included studies were presented in Table 1.
Ten studies assessed the association between
the rs1801177 polymorphism and coronary
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Study
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Figure 2. Forest plot on the association between the DON polymorphism and coronary disease under the dominant
genetic model. The boxes and lines indicate the odds ratios (ORs) and their 95% confidence intervals (Cls) on a log
scale for each study. The pooled odds ratio is represented by a diamond. The size of the black squares indicates the

relative weight of each estimate.

disease. Except for one cohort study, all the
other included studies had case-control design.

Among these, seven studies were conducted
on White, two on Black, and one on Asian. The
average age ranged from 43.3 to 62.0 years in
case group and 39.9 to 59.4 years in control
group. Nine studies were considered high qual-
ity and one study was under low quality. The
genotype frequency was in HWE in the controls
for all included studies (P > 0.05 for all), except
for one studies that did not report the available
data. Among the seven included studies of the
rs268 polymorphism, five had case-control
designs, and two had cohort designs. Of them,
five studies were carried out in White, and two
were performed in Black. Six studies were con-
sidered high quality and one study was under
low quality. Except one study that did not
reported HWE, the genotypes of control group
in other studies were in agreement with HWE (P
> 0.05).

The DON polymorphism and the risk of coro-
nary disease

The relation between the DON polymorphism
and coronary disease was evaluated in ten

15899

studies. In the dominant genetic model, five
studies showed no association between the
DON polymorphism and coronary disease, and
five studies showed a significantly increased
risk of this disease. The results of the present
meta-analysis showed that the carriers of the
DON genotype experienced a 1.57-fold increa-
sed risk of coronary disease when compared to
non-carriers with the AA genotype (OR=1.57,
95% Cl: 1.32-1.81; fixed effects, 1?=0, P=0.76)
(Table 2; Figure 2). The significant relationships
between this variant and coronary disease
were also observed in other genetic models (G
versus C: OR=1.45, 95% Cl, 1.12-1.76; GA ver-
sus AA: OR=1.40, 95% CI, 1.08-2.01; Table 2).
The results of the stratified analysis based on
study design showed that it did not significantly
alter the shape of association between the
DON polymorphism and the risk of coronary dis-
ease (Table 3). However, the results for race
found that theD9N polymorphism had a signifi-
cant association with the increased risk of
the disease in the White population (OR=1.62,
95% Cl: 1.36-1.88), but not in the Black and
Asian populations (Black: OR=1.48, 95% ClI,
0.61-2.36; Asian: OR=0.33, 95% Cl, 0.04-2.83;
Table 3). Moreover, we performed the sensitiv-

Int J Clin Exp Med 2017;10(12):15896-15904



The DON/N291S polymorphisms and coronary disease

Table 3. Stratified analysis of the association between the DON or
N291S polymorphisms and risk of coronary disease in the domi-

nant genetic model

Subgroup N OR 95% Cl P
Heterogeneity Meta-
regression
DON polymorphism 10 1.57 1.32t01.81 0.76
Study design 0.43
Cohort 1 1.69 1.10to02.27
Case-control 9 154 1.27t01.81 0.70
Race 0.85
White 7 1.62 1.361t01.88 0.86
Black 2 1.48 0.61t02.36 0.85
Asian 1 0.33 0.04t02.83
Study quality 0.16
High 9 157 1.32t01.82 0.68
Low 1 1.21 0.24t06.21
N291S polymorphism 6 1.19 0.53to 1.85 <0.001
Study design 0.77
Cohort 1 1.01 0.72t01.30
Case-control 5 1.29 0.281t02.32 <0.001
Race 0.85
White 4 129 047t0211 <0.001
Black 2 0.92 0.15t01.70 0.83
Study quality 0.16
High 5 1.26 0.47t02.05 <0.001
Low 1 0.94 0.16t01.73

Cl, confidence interval; OR, odds ratio.

Begg's funnel plot with pseudo 95% confidence limits

log[OR]

5
s.e. of: log[OR]

Figure 3. Funnel plots for DON polymorphism and coronary disease risk.

ity analyses by omitting each study. The pooled
ORs were not materially altered for all compari-
sons, thereby indicating that our results were
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statistically robust. We asse-
ssed possible publication bias
with a funnel plot and no pub-
lication bias was detected
under the dominant model
(Figure 3).

The N291S polymorphism
and the risk of coronary
disease

We subsequently evaluated
the association of the N291S
polymorphism and the risk of
coronary disease in seven
studies. Six studies assessed
the associations of the N291S
polymorphism and the risk of
this disease in the dominant
genetic model; and three
studies were in the all elicge-
netic model, two in heterozy-
gous genetic model and one
in homozygous genetic model.
In the all genetic models,
there were no significant
associations between N291S
polymorphism and the risk of
coronary disease [(GG+GA)
versus AA: OR=0.19, 95% ClI,
0.53-1.85; GA versus AA:
OR=1.36, 95% CI, 0.27-1.79;
G versus A: OR=0.36, 95% Cl,
0.13-1.001; GG versus AA:
OR=0.36, 95% ClI, 0.13-1.00;
Table 2; Figure 4]. The results
of the stratified analysis ba-
sed on the characteristics
were presented consistent in
the same directions of effect
(Table 3). In addition, the sen-
sitivity analysis by removing
each study one at a time
showed that the pooled RRs
remained stable. There was
no evidence for publication
bias (Figure 5).

Discussion

Our meta-analysis found that
the LPL D9N polymorphism

was significantly associated with an increased
risk of coronary disease; however, there was
no apparent association between the LPL

Int J Clin Exp Med 2017;10(12):15896-15904
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Figure 4. Forest plot on the association between the N291S polymorphism and coronary disease under the domi-
nant genetic model. The boxes and lines indicate the odds ratios (ORs) and their 95% confidence intervals (Cls) on a
log scale for each study. The pooled odds ratio is represented by a diamond. The size of the black squares indicates

the relative weight of each estimate.

Begg's funnel plot with pseudo 95% confidence limits

log[OR]
=]

LPL D9ON polymorphism might
be a genetic risky factor for
coronary disease, which also
was in agreement with the
result of the previous relative
large cohort study [11].

The numerous of studies had
shown that plasma lipopro-
tein levels are significant pre-
dictors of coronary disease
risk. Therefore, genes with
key effects on in lipoprotein
metabolism are excellent ca-

s.e. of: log[OR]

Figure 5. Funnel plots for N291S polymorphism and coronary disease risk.

N291S polymorphism and coronary disease.
The stratified analysis based on ethnicity sh-
owed that the DON polymorphism might be sig-
nificantly risky in the White population. For the
previous individual studies, a lack of power
might result in the failure to demonstrate a sig-
nificant relationship. Therefore, this prevent
meta-analysis was conducted to focus on the
association in the currently published litera-
tures, and our finding also demonstrated that
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15 ndidates for individual varia-
tion in susceptibility to coro-
nary diseases. As a major
variant, impairing enzymatic
function of lipid metabolism,
the LPL DON mutation was associated with
adverse effects on lipid homeostasis, increased
lipolytic function and an anti-atherogenic lipid
profile [21-23]. In the different pathways, LPL
DON mutation could decrease lipolytic activity
and concentration in the circulation; and it
would damage stability of LPL dimers binding
to heparin sulfate containing proteoglycans
and lipoproteins; and it would decrease the
uptake and clearance of atherogenic lipopro-
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teins by the liver via the LDL receptors and
very LDL through acting as a ligand and a
molecular bridge; and it might increase expres-
sion of by reduced uptake of modified LDL in
sub endothelial macrophages [24-28]. Ultima-
tely, these beneficial effects would decrease
LPL activity, and cause higher plasma triglycer-
ide levels and lower HDL cholesterol levels,
which would result in the formation of inter-
mediate-density lipoprotein and chylomicrons
remnants, and development of the coronary
disease. Therefore, the LPL D9N mutation
could decrease the concentrations of HDL
through the retarding LPL activity, accelerate
cholesterol deposition, and promote the ath-
erosclerosis process and eventually increase
the coronary disease risk. Moreover, the LPL
DON mutation would decrease the LPL mRNA
translation. The inclusion of the SNP would
avoid a blunted response to the epinephrine
treated adipocyte extract, and the epinephrine
by an RNA-protein complex, consisting of PKA
subunits and an A kinase anchoring protein
(AKAP) would regulated the LPL translation
[29-31]. Therefore, due to the lower mRNA
translation, a blunted response would promote
inhibitory influences of PKA activation and LPL
activity would be decreased, and this lipopro-
tein metabolism increase could result in a
decrease in HDL, and an increase in triglycer-
ides, and a subsequent accelerate the prog-
ress of coronary disease [10], indicating the
association between the LPL D9N variant and
the increased risk of coronary disease.

The results of the present meta-analysis found
that the effect of the LPL DON polymorphism
on coronary disease might differ in various eth-
nic populations. In White population, we obser-
ved a strong association between the D9N
polymorphism and coronary disease, but not in
Black and Asian populations. The previous
studies showed that G-allele frequency was dif-
ferent in these populations [9, 10, 32]; and the
possible higher G-allele frequency observed in
White population could explain the more signifi-
cant association [33]. In addition, from the het-
erozygous model to the homozygous model, an
additional copy of the minor allele could
increase the coronary disease risk which would
also support the latter hypothesis.

It should be noted that some potential limita-
tions of the present meta-analysis should also
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deserve consideration in interpreting the re-
sults from this study. First, only two cohort
studies were found, the meta-analysis was pri-
marily performed with case-control studies,
and this type of study design might have the
problems of potential bias and confounding
effects associated with such studies. However,
the insignificant heterogeneity, the accurate
diagnostic criteria, and the high quality of most
of the included studies could add to the
strength of our analysis. Second, coronary dis-
ease was a complex multifactorial disease
caused by synergistic effects of genetic and the
environmental factors such as age, family his-
tory, body mass index, smoking habits, and
other environmental influences, which might
also partly confuse our results. Our outcome
was based on primarily unadjusted estimates
and data provided from the original literature;
and these confounding factors did not be con-
trolled or sufficient data was extracted to ana-
lyze the association between environmental
and genetic factors. Thus, further large detailed
research studies were necessary to be con-
ducted that allow for adjusting for different
genes and environmental factors. Finally, there
was also a need to concern potential publica-
tion bias. Although any apparent evidence of
publication bias was not observed according to
the Egger test, Begg test and the funnel plot,
these analyses could not exclude its possibility.
Moreover, it was still difficult to fully rule out
this problem because there was not an enough
quantity of studies to detect it adequately.

In conclusion, our analysis provided substantial
evidence that the LPL DON polymorphism could
significantly increase the susceptibility to coro-
nary disease, especially in the White popula-
tion. No significant association between the
LPL N291S polymorphism with this disease
was observed in diverse populations. To reach
a more definitive conclusion, future carefully
designed trials with large interethnic study pop-
ulations are warranted to evaluate the associa-
tion with coronary disease.

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Heng Zhou, Depart-

ment of Cardiovascular Medicine, Xiangyang NO.1
People’s Hospital Affiliated to Hubei University of

Int J Clin Exp Med 2017;10(12):15896-15904



The DON/N291S polymorphisms and coronary disease

Medicine, Hubei, China. Tel: +86-13597478977;
Fax: +86710-3420163; E-mail: 349306536@qq.

com

References

(1]

(2]

(3]

(4]

(5]

Myocardial Infarction Genetics and CARDIo-
GRAM Exome Consortia Investigators, Stitziel
NO, Stirrups KE, Masca NG, Erdmann J, Fer-
rario PG, Konig IR, Weeke PE, Webb TR, Auer
PL, Schick UM, Lu Y, Zhang H, Dube MP, Goel A,
Farrall M, Peloso GM, Won HH, Do R, van Iper-
en E, Kanoni S, Kruppa J, Mahajan A, Scott RA,
Willenberg C, Braund PS, van Capelleveen JC,
Doney AS, Donnelly LA, Asselta R, Merlini PA,
Duga S, Marziliano N, Denny JC, Shaffer CM,
El-Mokhtari NE, Franke A, Gottesman O, Heil-
mann S, Hengstenberg C, Hoffman P, Holmen
OL, Hveem K, Jansson JH, Jockel KH, Kessler T,
Kriebel J, Laugwitz KL, Marouli E, Martinelli N,
McCarthy MI, Van Zuydam NR, Meisinger C,
Esko T, Mihailov E, Escher SA, Alvar M, Moebus
S, Morris AD, Muller-Nurasyid M, Nikpay M, OlI-
ivieri O, Lemieux Perreault LP, AlQarawi A, Rob-
ertson NR, Akinsanya KO, Reilly DF, Vogt TF, Yin
W, Asselbergs FW, Kooperberg C, Jackson RD,
Stahl E, Strauch K, Varga TV, Waldenberger M,
Zeng L, Kraja AT, Liu C, Ehret GB, Newton-Cheh
C, Chasman DI, Chowdhury R, Ferrario M, Ford
I, Jukema JW, Kee F, Kuulasmaa K, Nordest-
gaard BG, Perola M, Saleheen D, Sattar N,
Surendran P, Tregouet D, Young R, Howson JM,
Butterworth AS, Danesh J, Ardissino D, Bot-
tinger EP, Erbel R, Franks PW, Girelli D, Hall AS,
Hovingh GK, Kastrati A, Lieb W, Meitinger T,
Kraus WE, Shah SH, McPherson R, Orho-Me-
lander M, Melander O, Metspalu A, Palmer CN,
Peters A, Rader D, Reilly MP, Loos RJ, Reiner
AP, Roden DM, Tardif JC, Thompson JR, Ware-
ham NJ, Watkins H, Willer CJ, Kathiresan S,
Deloukas P, Samani NJ, Schunkert H. Coding
Variation in ANGPTL4, LPL, and SVEP1 and the
risk of coronary disease. N Engl J Med 2016;
374:1134-1144.

Eifert S, Rasch A, Beiras-Fernandez A, Nollert
G, Reichart B and Lohse P. Gene polymor-
phisms in APOE, NOS3, and LIPC genes may
be risk factors for cardiac adverse events after
primary CABG. J Cardiothorac Surg 2009; 4:
46.

Preiss-Landl K, Zimmermann R, Hammerle G
and Zechner R. Lipoprotein lipase: the regula-
tion of tissue specific expression and its role in
lipid and energy metabolism. Curr Opin Lipidol
2002; 13: 471-481.

Murthy V, Julien P and Gagne C. Molecular
pathobiology of the human lipoprotein lipase
gene. Pharmacol Ther 1996; 70: 101-135.
Sagoo GS, Tatt |, Salanti G, Butterworth AS,
Sarwar N, van Maarle M, Jukema JW, Wiman B,

15903

(8]

(11]

[12]

(13]

Kastelein JJ, Bennet AM, de Faire U, Danesh J
and Higgins JP. Seven lipoprotein lipase gene
polymorphisms, lipid fractions, and coronary
disease: a HUGE association review and meta-
analysis. Am J Epidemiol 2008; 168: 1233-
1246.

Stang A. Critical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality
of nonrandomized studies in meta-analyses.
Eur J Epidemiol 2010; 25: 603-605.

Wang H, Hu Y, Zhang G, Zheng J, Li L and An Z.
Meta-analysis of vaccine effectiveness of
mumps-containing vaccine under different im-
munization strategies in China. Vaccine 2014;
32:4806-4812.

Stroup DF, Berlin JA, Morton SC, Olkin I, Wil-
liamson GD, Rennie D, Moher D, Becker BJ,
Sipe TA and Thacker SB. Meta-analysis of ob-
servational studies in epidemiology: a propos-
al for reporting. Meta-analysis of observational
studies in epidemiology (MOOSE) group. JAMA
2000; 283: 2008-2012.

Abdel Hamid MM, Ahmed S, Salah A, Tyrab EM,
Yahia LM, Elbashir EA and Musa HH. Associa-
tion of lipoprotein lipase gene with coronary
heart disease in Sudanese population. J Epi-
demiol Glob Health 2015; 5: 405-407.

Rebhi L, Kchok K, Omezzine A, Kacem S, Rejeb
J, Ben HadjMbarek |, Belkahla R, Boumaiza I,
Moussa A, Ben Rejeb N, Nabli N, Boughzala E,
Ben Abdelaziz A and Bouslama A. Six lipopro-
tein lipase gene polymorphisms, lipid profile
and coronary stenosis in a Tunisian popula-
tion. Mol Biol Rep 2012; 39: 9893-9901.
Franceschini N, Carty C, Buzkova P, Reiner AP,
Garrett T, Lin Y, Vockler JS, Hindorff LA, Cole
SA, Boerwinkle E, Lin DY, Bookman E, Best LG,
Bella JN, Eaton C, Greenland P, Jenny N, North
KE, Taverna D, Young AM, Deelman E, Kooper-
berg C, Psaty B and Heiss G. Association of ge-
netic variants and incident coronary heart dis-
ease in multiethnic cohorts: the PAGE study.
Circ Cardiovasc Genet 2011; 4: 661-672.
Bhanushali AA and Das BR. Genetic variants
at the APOE, lipoprotein lipase (LpL), choles-
teryl ester transfer protein (CETP), and endo-
thelial nitric oxide (eNOS) genes and coronary
artery disease (CAD): CETP Tagl B2B2 associ-
ates with lower risk of CAD in Asian Indians. J
Community Genet 2010; 1: 55-62.

Izar MC, Helfenstein T, Ihara SS, Relvas WG,
Santos AO, Fischer SC, Pinto LE, Lopes IE, Po-
maro DR, Fonseca MI, Bodanese LC, Moriguchi
EH, Saraiva JF, Introcaso L, Souza AD, Scartezi-
ni M, Torres KP, Zagury L, Jardim PC, Costa EA,
Tacito LH, Forti A, Magalhaes ME, Chacra AR,
Bertolami MC, Loures-Vale AA, Barros MA,
Xavier HT, Lyra R, Argamanijan D, Guimaraes
A, Novazzi JP, Kasinski N, Afiune A, Martinez
TL, Santos RD, Nicolau JC, Cesar LA, Povoa

Int J Clin Exp Med 2017;10(12):15896-15904


mailto:349306536@qq.com
mailto:349306536@qq.com

(14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

The DON/N291S polymorphisms and coronary disease

RM, Carvalho AC, Han SW and Fonseca FA. As-
sociation of lipoprotein lipase DON polymor-
phism with myocardial infarction in type 2 dia-
betes: the genetics, outcomes, and lipids in
type 2 diabetes (GOLD) study. Atherosclerosis
2009; 204: 165-170.

Frikke-Schmidt R, Sing CF, Nordestgaard BG,
Steffensen R and Tybjaerg-Hansen A. Subsets
of SNPs define rare genotype classes that
predict ischemic heart disease. Hum Genet
2007; 120: 865-877.

Ferencak G, Pasalic D, Grskovic B, Cheng S,
Fijal B, Sesto M, Skodlar J and Rukavina AS.
Lipoprotein lipase gene polymorphisms in Cro-
atian patients with coronary artery disease.
Clin Chem Lab Med 2003; 41: 541-546.

van Bockxmeer FM, Liu Q, Mamotte C, Burke V
and Taylor R. Lipoprotein lipase DON, N291S
and S447X polymorphisms: their influence on
premature coronary heart disease and plasma
lipids. Atherosclerosis 2001; 157: 123-129.
Talmud PJ, Bujac SR, Hall S, Miller GJ and
Humphries SE. Substitution of asparagine for
aspartic acid at residue 9 (D9N) of lipoprotein
lipase markedly augments risk of ischaemic
heart disease in male smokers. Atherosclero-
sis 2000; 149: 75-81.

Kastelein JJ, Ordovas JM, Wittekoek ME, Pim-
stone SN, Wilson WF, Gagne SE, Larson MG,
Schaefer EJ, Boer JM, Gerdes C and Hayden
MR. Two common mutations (D9N, N291S) in
lipoprotein lipase: a cumulative analysis of
their influence on plasma lipids and lipopro-
teins in men and women. Clin Genet 1999; 56:
297-305.

Mailly F, Fisher RM, Nicaud V, Luong LA, Evans
AE, Marques-Vidal P, Luc G, Arveiler D, Bard
JM, Poirier O, Talmud PJ and Humphries SE.
Association between the LPL-DON mutation in
the lipoprotein lipase gene and plasma lipid
traits in myocardial infarction survivors from
the ECTIM Study. Atherosclerosis 1996; 122:
21-28.

Zhang Q, Cavanna J, Winkelman BR, Shine B,
Gross W, Marz W and Galton DJ. Common ge-
netic variants of lipoprotein lipase that relate
to lipid transport in patients with premature
coronary artery disease. Clin Genet 1995; 48:
293-298.

Stephens JW and Humphries SE. The molecu-
lar genetics of cardiovascular disease: clinical
implications. J Intern Med 2003; 253: 120-
127.

Helgadottir A, Gretarsdottir S, Thorleifsson G,
Hjartarson E, Sigurdsson A, Magnusdottir A,
Jonasdottir A, Kristjansson H, Sulem P, Odds-
son A, Sveinbjornsson G, Steinthorsdottir V,
Rafnar T, Masson G, Jonsdottir I, Olafsson |,
Eyjolfsson GlI, Sigurdardottir O, Daneshpour
MS, Khalili D, Azizi F, Swinkels DW, Kiemeney
L, Quyyumi AA, Levey Al, Patel RS, Hayek SS,

15904

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

(32]

(33]

Gudmundsdottir 1J, Thorgeirsson G, Thorstein-
sdottir U, Gudbjartsson DF, Holm H and Ste-
fansson K. Variants with large effects on blood
lipids and the role of cholesterol and triglycer-
ides in coronary disease. Nat Genet 2016; 48:
634-639.

Gonzalez-Pacheco H, Vargas-Barron J, Vallejo
M, Pina-Reyna Y, Altamirano-Castillo A, San-
chez-Tapia P and Martinez-Sanchez C. Preva-
lence of conventional risk factors and lipid
profiles in patients with acute coronary syn-
drome and significant coronary disease. Ther
Clin Risk Manag 2014; 10: 815-823.

Otarod JK and Goldberg 1J. Lipoprotein lipase
and its role in regulation of plasma lipoproteins
and cardiac risk. Curr Atheroscler Rep 2004;
6: 335-342.

Clee SM, Bissada N, Miao F, Miao L, Marais
AD, Henderson HE, Steures P, McManus J, Mc-
Manus B, LeBoeuf RC, Kastelein JJ and Hayden
MR. Plasma and vessel wall lipoprotein lipase
have different roles in atherosclerosis. J Lipid
Res 2000; 41: 521-531.

Lookene A, Savonen R and Olivecrona G. Inter-
action of lipoproteins with heparan sulfate pro-
teoglycans and with lipoprotein lipase. Studies
by surface plasmon resonance technique. Bio-
chemistry 1997; 36: 5267-5275.

Nickerson DA, Taylor SL, Weiss KM, Clark AG,
Hutchinson RG, Stengard J, Salomaa V, Var-
tiainen E, Boerwinkle E and Sing CF. DNA se-
quence diversity in a 9.7-kb region of the hu-
man lipoprotein lipase gene. Nat Genet 1998;
19: 233-240.

Maranhao RC and Freitas FR. HDL metabolism
and atheroprotection: predictive value of lipid
transfers. Adv Clin Chem 2014; 65: 1-41.

Lian A, Wu K, Liu T, Jiang N and Jiang Q. Adro-
pin induction of lipoprotein lipase expression
in tilapia hepatocytes. J Mol Endocrinol 2016;
56: 11-22.

Ranganathan G, Vu D and Kern PA. Transla-
tional regulation of lipoprotein lipase by epi-
nephrine involves a trans-acting binding pro-
tein interacting with the 3’ untranslated region.
J Biol Chem 1997; 272: 2515-2519.
Ranganathan G, Phan D, Pokrovskaya ID, McE-
wen JE, Li C and Kern PA. The translational
regulation of lipoprotein lipase by epinephrine
involves an RNA binding complex including the
catalytic subunit of protein kinase A. J Biol
Chem 2002; 277: 43281-43287.

Hokanson JE. Lipoprotein lipase gene variants
and risk of coronary disease: a quantitative
analysis of population-based studies. Int J Clin
Lab Res 1997; 27: 24-34.

Wang YF, Han Y, Zhang R, Qin L, Wang MX and
Ma L. CETP/LPL/LIPC gene polymorphisms
and susceptibility to age-related macular de-
generation. Sci Rep 2015; 5: 15711.

Int J Clin Exp Med 2017;10(12):15896-15904



