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Abstract: Objective: To investigate the relationship between lipoprotein lipase (LPL) gene polymorphism and cere-
bral hemorrhage in a Chinese population. Method: This study was based on the case-control study, PCR-RELP and 
sequencing method were utilized for genotyping. LPL gene Hind III polymorphism was detected both in 300 patients 
with cerebral hemorrhage (CH group) and in 300 healthy control subjects (control group). Blood lipid level and blood 
glucose were detected at the same time. Result: Our results showed that G allele frequency was significant lower 
in the CH group than that in the control group (OR=0.611; 95% CI: 0.427-0.876, P=0.001). We also found both GG 
(OR=0.543, 95% CI: 0.233-0.988; P=0.041) and TG (OR=0.609, 95% CI: 0.387-0.959, P=0.032) genotype were 
frequent in the control group than that in the CH group. TG level of the groups who carry TT genotype were much 
higher than that of the groups carrying TG+GG genotype (P<0.05). By means of adjusting age, hypertension and 
hyperglycemia, logistic multivariate regression analysis revealed that LPL Hind III G allele might be a protective fac-
tor (OR=0.601, 95% CI: 0.231-0.876; P=0.001) in the present study. Conclusion: It is suggested that LPL Hind III G 
allelic mutation might be a protective factor against cerebral hemorrhage disease in Chinese population.
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Introduction

Lipoprotein lipase (LPL) plays a key role in the 
hydrolysis of circulating triglyceride-rich lipopro-
teins, such as chylomicrons and VLDL [1-3]. LPL 
is the predominant plasma triglyceridelipase 
and is bound to vascular endothelium through 
interaction with membrane-anchored proteo-
glycans. Previous studies showed that abnor-
mal lipoprotein lipase was closely related to 
occurrence of hyperlipidemia [4], atherosclero-
sis [5] stroke [6], diabetes mellitus [7], chronic 
kidney disease [8] and tumors [9]. Cerebral 
hemorrhage is a common type of hemorrhagic 
stroke. Some studies have indicated that indi-
vidual genetic diversity also correlates with the 
risk of cerebral hemorrhage [10-12]. A recent 
meta-analysis indicated that LPL Ser447Ter 
polymorphism was associated with a signifi-
cant reduction in the risk of stroke, especially 
atherosclerotic stroke subtype in both Cauca- 
sian and East-Asian [13].

The human LPL gene is situated on chromo-
some 8p22 and spans approximately 35 kb of 
DNA. It consists of 10 exons and 9 introns, 
which encode a mature protein of 448 amino 
acids. The LPL gene contains numerous varia-
tions, 80% of which occur in the coding regions 
[14]. A HindIII polymorphism, which results from 
a thymine (T) to guanine (G) substitutionis of 
particular interest because it is located in the 
intron 8, which is functionally unlike other com-
mon introns. As reported previously, the Hind III 
polymorphism may affect the transcription or 
translation of the LPL gene by interacting with 
regulatory elements in the 3’ region [15]. But 
the relationship between LPL Hind III polymor-
phism and cerebral hemorrhage remains un- 
clear.

In order to investigate the correlation between 
LPL Hind III polymorphism and cerebral hemor-
rhage, we detected the genotype of LPL Hind  
III polymorphism in both 300 cerebral hemor-
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Table 1. Comparison of Clinical data between case and control groups

Parameters n Age 
(Years)

Gender 
(M/F)

BMI  
(Kg/m2)

Diabetes, 
n (%)

Hypertension, 
n (%)

Smoking, 
n (%)

Alcohol drinking, 
n (%)

TG 
(mmol/L)

TC 
(mmol/L)

HDL-C 
(mmol/L)

LDL-C 
(mmol/L)

CH group 300 60.2±10.1 160/140 22.2±3.4 89 (29.7) 92 (30.7) 102 (34.0) 49 (16.3) 1.88±0.9 4.9±1.1 1.6±0.3 2.9±10

Control group 300 60.3±11.0 163/137 22.6±3.4 41 (13.7) 43 (14.3) 42 (14.0) 38 (12.7) 1.31±0.5 4.6±1.1 1.5±0.4 2.1±0.8

P values 0.865 0.794 0.365 0.001 0.002 0.013 0.432 0.019 0.339 0.219 0.030
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rhage patients and 300 healthy people by PCR-
RFLP method.

Materials and methods

Subjects

The cerebral hemorrhage patients were chose 
in Department of Neurosurgery, First Hospital 
of Hebei Medical University between Oct. 2012 
and May 2013. 300 CH patients include160 
males and 140 females with average age of 
(60.2±10.1) years. All CH patients were consis-
tent with the diagnostic criteria of the Fourth 
National Cerebrovascular Disease Conference 
[16]. Head CT and (or) MRI was performed to 
confirm the patients’ diagnosis. We excluded 
the patients with secondary and unexplained 
cerebral hemorrhage, peripheral vascular dis-
eases or peripheral vascular thrombosis dis-
ease, artery disease, blood disease, tuberculo-
sis, maliganttumorand severe liver and kidney 
dysfunction.

We also selected 300 healthy subjects includ-
ing 163 males and 137 females from the same 
region as the CH patients. The average age of 
the control subjects was (60.3±11.0) years. 
The clinical data including previous medical his-
tory, smoking, drinking, etc. were collected by 
questionnaire. This research was based on the 
case-control study and got permission from 
Ethics Committee of First Hospital of Hebei 
Medical University.

Methods

DNA extraction

Genomic DNA was isolated with the E.Z.N.A. 
Blood DNA Midi Kit (Omega Bio-Tek, Norcross, 

GA) from peripheral blood erythrocytes. The 
ultraviolet spectrophotometer was used to puri-
fy and quantify the DNA.

Genotyping

PCR-RFLP was used to amplify the Hind III poly-
morphism in intron 8 of the LPL gene. The prim-
ers used in this study refer to the previous 
study [17]. Sense primer: 5’-TTAGGGAACAAAC- 
CTCCG-3’; Antisense primer, 5’-CTGCCTTCAGC- 
TAGACATTG-3’. Each amplification reaction was 
performed with 22 μL of double-distilled water, 
1 μL of each primer at 10 pmol/L, 25 μL of PCR 
mixture (0.05 U/μL Taq DNA polymerase reac-
tion buffer, 4 mM of each dNTP), and 1 μL of 
template DNA, in a total volume of 50 μL. 
Amplification was performed in a Thermal 
Cycler 1000 instrument (Bio-Rad). An initial 
denaturation at 94°C for 3 minutes was fol-
lowed by 40 cycles of denaturanon at 94°C for 
30 seconds, annealing at 58°C for 30 seconds, 
and extension at 72°C for 45 seconds. A fina-

Figure 1. Genotyping result by PCR-RFLP. (1: TT geno-
type; 2: TG genotype; 3: GG genotype).

Figure 2. Sequencing results. (A: TT genotype; B: TG 
genotype; C: GG genotype).
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lextension step was performed at 72°C for 5 
minutes.

The PCR products were digested with Hind III 
restriction enzyme at 37°C for 16 hours. RFLP 
products were analyzed on 2% agarose gels 
that were stained with ethidium bromide.

Measurement of biochemical index

A 4 ml of fasting plasma was collected from 
each subject after at least 12 h of fasting. The 
plasma concentration of TC, TG, HDL-C, LDL-C, 
fasting blood glucose were detected according 
to the previous protocol [17].

Statistical analyses

SPSS 18.0 statistical software (SPSS, Chicago, 
IL, USA) was utilized to perform the statistical 
analyses. Hardy-Weinberg Equilibrium was test-
ed by χ2 test. Genotype and allele frequency 
were detected by χ2-test. Measurement data 
were tested by t-test. The risk factors of cere-
bral hemorrhage were analyzed by logistic 
regression analysis. A P<0.05 was considered 
statistical significance.

Results

The clinical data comparison between two 
groups

There was no statistical difference inage, sex, 
body Mass Index, drinking history, TC, and 

genotype (GG) were 340 bp, heterozygote geno-
type (TG) were 120 bp, 220 bp and 340 bp. To 
confirm the genotyping results, we also provid-
ed the sequencing results, as shown in Figure 
2.

Distribution of genotype and allele between 
two groups

Genotype distributions were in line with Hardy-
Weinberg Equilibrium both in the cerebral hem-
orrhage group and the control group (both 
P>0.05; Table 2). TT and TG genotype were 
84.7% and 12.3% in the CH group, while ones 
were 76.7% and 18.3% in the control group, 
respectively. G allele frequency was significant 
lower in the CH group than that in the control 
group (OR=0.611; 95% CI: 0.427-0.876, P= 
0.001). We also found both GG (OR=0.543, 
95% CI: 0.233-0.988; P=0.041) and TG 
(OR=0.609, 95% CI: 0.387-0.959, P=0.032) 
genotype were frequent in the control group 
than that in the CH group (Table 3).

Comparison of blood lipid and other param-
eters between different genotype

TG level was much higher in TT genotype popu-
lation than in TG+GG genotype population. It 
showed significant differences (P<0.05). The 
comparison on TC, HDL-C, and LDL-C showed 
no difference between the two groups (P>0.05, 
Table 4).

Table 2. Hardy-Weinberg equilibrium analysis of Hind III SNPs in 
both CH and control subjects

Group n
Hind III

χ2 P value
TT TG GG

CH
Real 300 254 37 9

5.04 0.080
prospective 300 247 50 3

Control Real 300 230 55 15 2.845 0.241
prospective 300 221 67 9

Table 3. Distribution of genotype and allele
Genotypes/
Allele

CH group, 
n (%)

Control group, 
n (%) OR (95% CI) P values

TT 254 (84.7) 230 (76.7) 1 (Ref.)
TG 37 (12.3) 55 (18.3) 0.609 (0.387-0.959) 0.032
GG 9 (3.0) 15 (5.0) 0.543 (0.233-0.988) 0.041
T 545 (90.8) 515 (85.8) 1 (Ref.)
G 55 (9.2) 85 (14.2) 0.611 (0.427-0.876) 0.007

HDL-C between the two group 
(all P>0.05). However, the dia-
betes mellitus, hypertension, 
smoking history, TG, and LDL-
C, were different between the 
CH group and the control 
group (Table 1).

Genotyping results

As shown in Figure 1, the PCR 
amplification products has 
been demonstrated by aga-
rose gel electrophoresis as a 
DNA fragment with 340 bp in 
length, then the fragment was 
digested by Hind III endonu-
clease and three kinds of gen-
otype fragments was obtain- 
ed: Wild homozygote geno-
type (TT) were 120 bp and 
220 bp, mutant homozygote 
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Risk factors of cerebral hemorrhage analyzed 
by logistic regression

LPL Hind III G allele may be a protective factor 
after adjustment of age, hypertension and 
hyperglycemia by logistic multivariate regres-
sion analysis (OR=0.601, 95% CI: 0.231-0.876, 
P=0.001, Table 5).

Discussion

In the present study, we found G allele carriers 
have reduced risk for hemorrhagic stroke. In 
addition, we also found the plasma TG level, 
and LDL-C level increased significantly in the 
CH groupcompared to the control group. 
Further analysis based on the relationship 
between various genotypes and lipids metabo-
lism showed that TG level of individuals who 
carrying Hind III (TT) was significantly higher 
than that of individuals carrying Hind III (TG) 
and Hind III (GG) gene.

The Hind III polymorphism is created by a 
thvmine (T) to guanine (G) substitution, close to 
the 495th base position [15]. Previous studies 
have focused on the relationship between the 
Hind III polymorphism and levels of plasma TG, 
TC, HDL-C, and LDL-C [18-20]. The position of 
the Hind III polymorphism, within anintron, 
makes the mechanism by which it affects LPL 
activity unclear, but it is thought to prevent 
gene transcription. Some studies indicated that 
the Hind III polymorphism is in linkage disequi-
librium with the S447X polymorphism, which is 
located in exon 9. However, despite the muta-

tions activating alternative splicing, which leads 
to the disease, the mutations may not be asso-
ciated with the disease.

Some limitations in the present study should be 
mentioned. Firstly, the relatively small sample 
size may reduce the power. Secondly, we  
only investigated one SNP of the LPL gene. 
Therefore, the relation between other SNPs 
and CH remains unclear. Finally, we used a 
cross-sectional design in the present study, 
which is difficult to clarify the causality between 
LPL genetic polymorphism and CH.

Nevertheless, our study reached the interest-
ing conclusion that the G allele of the Hind III 
polymorphism has an impact on levels of TG in 
the plasma and appears to have a protective 
effect against CH. However, our results should 
be confirmed by a large-scale case-control 
study or cohort study in the future.

Disclosure of conflict of interest

None.

Address correspondence to: Hong-Xia Xing, First 
Affiliated Hospital of Xinxiang Medical University, 
Weihui 453100, Henan, P. R. China. Tel: +86-0373-
4404350; Fax: +86-0373-4404350; E-mail: xing-
hx0101@163.com

References

[1]	 Kersten S. Physiological regulation of lipopro-
tein lipase. Biochim Biophys Acta 2014; 1841: 
919-33.

[2]	 Daoud MS, Ataya FS, Fouad D, Alhazzani A, 
Shehata AI, Al-Jafari AA. Associations of three 
lipoprotein lipase gene polymorphisms, lipid 
profiles and coronary artery disease. Biomed 
Rep 2013; 1: 573-582.

[3]	 Demignot S, Beilstein F, Morel E. Triglyceride-
rich lipoproteins and cytosolic lipid droplets in 
enterocytes: key players in intestinal physiolo-
gy and metabolic disorders. Biochimie 2014; 
96: 48-55.

[4]	 Chen TZ, Xie SL, Jin R, Huang ZM. A novel lipo-
protein lipase gene missense mutation in 
Chinese patients with severe hypertriglyceride-
mia and pancreatitis. Lipids Health Dis 2014; 
13: 52.

[5]	 Li Y, He PP, Zhang DW, Zheng XL, Cayabyab FS, 
Yin WD, Tang CK. Lipoprotein lipase: from gene 
to atherosclerosis. Atherosclerosis 2014; 237: 
597-608.

[6]	 Gu B, Zhao YC, Yang ZW, Li HT, Yu FP. Hind III 
polymorphism in the lipoprotein lipase gene 

Table 4. Lipids profile comparison between 
each genotype

Parameters TT  
genotype

GG+TG 
genotype P values

TG (mmol/L) 1.94±0.92 1.44±0.63 0.020
TC (mmol/L) 4.61±0.64 4.42±0.91 0.514
HDL-C (mmol/L) 1.43±0.32 1.32±0.51 0.201
LDL-C (mmol/L) 2.73±1.02 2.61±0.93 0.310

Table 5. Logistic analysis results to adjust the 
confounders
Parameters β OR 95% CI P
Smoking 1.781 3.241 1.102-7.209 0.004
Hypertension 1.198 2.101 1.671-6.211 0.002
Diabetes 1.319 3.778 1.420-8.265 0.019
Gallele -0.676 0.601 0.231-0.876 0.001

mailto:xinghx0101@163.com
mailto:xinghx0101@163.com


LPL genetic polymorphism and stroke

13597	 Int J Clin Exp Med 2015;8(8):13592-13597

and hypertensive intracerebral hemorrhage  
in the Chinese Han population. J Stroke 
Cerebrovasc Dis 2014; 23: 1275-81.

[7]	 Shirakawa T, Nakajima K, Yatsuzuka S, Shimo- 
mura Y, Kobayashi J, Machida T, Sumino H, 
Murakami M. The role of circulating lipoprotein 
lipase and adiponectin on the particle size of 
remnant lipoproteins in patients with diabetes 
mellitus and metabolic syndrome. Clin Chim 
Acta 2015; 440: 123-32.

[8]	 Vaziri ND, Yuan J, Ni Z, Nicholas SB, Norris KC. 
Lipoprotein lipase deficiency in chronic kidney 
disease is accompanied by down-regulation  
of endothelial GPIHBP1 expression. Clin Exp 
Nephrol 2012; 16: 238-43.

[9]	 Podgornik H, Sok M, Kern I, Marc J, Cerne D. 
Lipoprotein lipase in non-small cell lung cancer 
tissue is highly expressed in a subpopulation 
of tumor-associated macrophages. Pathol Res 
Pract 2013; 209: 516-20. 

[10]	 Zhao SP, Tong QG, Xiao ZJ, Cheng YC, Zhou HN, 
Nie S. The lipoprotein lipase Ser447Ter muta-
tion and risk of stroke in the Chinese. Clin 
Chim Acta 2003; 330: 161-4.

[11]	 Morrison AC, Ballantyne CM, Bray M, Cham- 
bless LE, Sharrett AR, Boerwinkle E. LPL poly-
morphism predicts stroke risk in men. Genet 
Epidemiol 2002; 22: 233-42.

[12]	 Myllykangas L, Polvikoski T, Sulkava R, Notkola 
IL, Rastas S, Verkkoniemi A, Tienari PJ, Niinistö 
L, Hardy J, Pérez-Tur J, Kontula K, Haltia M. 
Association of lipoprotein lipase Ser447Ter 
polymorphism with brain infarction: a popula-
tion-based neuropathological study. Ann Med 
2001; 33: 486-92.

[13]	 Wang C, Sun T, Li H, Bai J, Li Y. Lipoprotein  
lipase Ser447Ter polymorphism associated 
with the risk of ischemic stroke: a meta-analy-
sis. Thromb Res 2011; 128: e107-12.

[14]	 Kim JW, Cheng Y, Liu W, Li T, Yegnasubramanian 
S, Zheng SL, Xu J, Isaacs WB, Chang BL. 
Genetic and epigenetic inactivation of LPL 
gene in human prostate cancer. Int J Cancer 
2009; 124: 734-8.

[15]	 Kim Y, Lee M, Lim Y, Jang Y, Park HK, Lee Y. The 
gene-diet interaction, LPL Pvu II and Hind III 
and carbohydrate, on the criteria of metabolic 
syndrome: KMSRI-Seoul Study. Nutrition 2013; 
29: 1115-21.

[16]	 Fisher M, Albers GW, Donnan GA, Furlan AJ, 
Grotta JC, Kidwell CS, Sacco RL, Wechsler LR; 
Stroke Therapy Academic Industry Roundtable 
IV. Enhancing the development and approval 
of acute stroke therapies: Stroke Therapy 
Academic Industry roundtable. Stroke 2005; 
36: 1808-13.

[17]	 Gu B, Zhao YC, Yang ZW, Li HT, Yu FP. Hind III 
polymorphism in the lipoprotein lipase gene 
and hypertensive intracerebral hemorrhage  
in the Chinese Han population. J Stroke 
Cerebrovasc Dis 2014; 23: 1275-81.

[18]	 Long S, Tian Y, Zhang R, Yang L, Xu Y, Jia L, Fu 
M. Relationship between plasma HDL sub-
classes distribution and lipoprotein lipase 
gene Hind III polymorphism in hyperlipidemia. 
Clin Chim Acta 2006; 366: 316-21.

[19]	 Reilly MP, Foulkes AS, Wolfe ML, Rader DJ. 
Higher order lipase gene association with plas-
ma triglycerides. J Lipid Res 2005; 46: 1914-
22. 

[20]	 Zhang R, Liu Y, Yang LC, Bai H, Liu BW. Study 
on lipoprotein lipase gene Hind III polymor-
phism in Chinese type II bhyper lipoprotein-
emia. Zhonghua Yi Xue Yi Chuan Xue Za Zhi 
2003; 20: 539-41.


