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profile abnormalities in Iraqi diabetic patients were associated with the LIPASE

GENE. Methods, To shed light on the relationships between the LIPASE GENE
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0D with type 2 diabetes. The large percentage of men in this research may result
from the demographics of the hospital's patients, who tend to seek medical care
more frequently than women to have more free time because most of them are
retired. Included in the correlation between HDL-C concentration and lipase
polymorphism. The LIPASE GENE gene has been shown to have a variety of
single nucleotide polymorphisms. The influence of the rs708272 (g.5454G>A)
polymorphism on HDL-C focus has been explained. This study aimed to evaluate
the LIPASE gene site polymorphism and its effect on blood lipids in Iraqi patients
with lipid problems. Since a few evaluations listed the LIPASE GENE
polymorphism's association with the HDL level we decided to use it because we
couldn't locate any Iraqi studies that addressed this polymorphism.
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Introduction

By accelerating the breakdown of triacylglycerol circulating in triglyceride-rich
lipoproteins, lipase, a crucial enzyme in controlling lipid fuel disposal, supplies fatty acids
for tissue usage. Glycosaminoglycan anchors lipoprotein lipase to the capillary endothelium
surface, hydrolysing VLDL and plasma chylomicrons to leave residual particles. Therefore,
the rate-limiting enzyme that eliminates plasma triglyceride-rich lipoproteins from the
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bloodstream is lipoprotein lipase. Although lipoprotein lipase is found in most bodily
tissues, including skeletal, cardiac, and adipose tissue, macrophages also express and
release it. Lipoprotein lipase is essential for producing HDL because it facilitates the transfer
of phospholipids and Apo lipoproteins to HDL. While Apo lipoprotein C-III suppresses
lipoprotein lipase activity, Apo lipoprotein C-II is a necessary cofactor for activating
lipoprotein lipase activity.

The severity of coronary artery disease and different plasma lipoprotein levels have
been linked to many polymorphisms in the lipoprotein lipase gene. Low levels of
lipoprotein lipase activity have been associated with the development of coronary
atherosclerosis, as evidenced by partial deletion of lipoprotein lipase. Reduced lipoprotein
lipase activity boosts triglyceride and reduces HDL cholesterol, increasing the risk of
ischemic heart disease. Reverse cholesterol transfer is decreased by low HDL cholesterol
levels. Increased triglyceride levels suggest the presence of lipoprotein remnants and partly
delipidized lipoproteins of varying size and composition in the plasma, including VLDL,
IDL, chylomicron remnants, and particles containing lipoprotein B (LP-B: C, LP-B:C: E, and
LP-A-II:B:C:D: E).

Apo lipoprotein C-III, a marker of triglyceride-rich lipoprotein metabolism and the
clearance of chylomicron and VLDL particles, is an independently significant predictor of
the progression of coronary atherosclerosis, according to data from two sizable serial
coronary angiographic clinical trials. Some pathologic diseases, including diabetes,
chylomicronemia, obesity, and atherosclerosis, are associated with aberrant expression of
LPL. Chromosome 8p22 contains the LPL gene. This gene has been identified to have more
than 100 mutations.

According to a few studies, Pvull, Ser447X, and HindIIl polymorphisms were linked
to an increased risk of CAD These findings were debatable, though. According to some
research, there is no correlation between these LPL gene variations and the risk of CAD20.
These findings link the development of atherosclerosis to the ineffective elimination of
triglyceride-rich lipoproteins by lipoprotein lipase. Decreased removal of chylomicrons and
VLDL particles prolongs circulatory residence time and, therefore, increases the exposure
of the arterial wall to these atherogenic particles. Low lipoprotein lipase activity may also
contribute to atherosclerosis by promoting postprandial lipemia-

Due to their higher frequency and impact on atherosclerosis susceptibility, the LPL
gene, Asp9Asn, Asn291Ser, and S447X are the most significant mutations identified.
Although the LPL D9N and LPL N291S polymorphisms have been linked to a poor lipid
profile, there has been little evidence linking them to cardiovascular disease. DON and
N291S have been associated in a meta-analysis with an increase in triglycerides of 20% and
31%, respectively, and S447X was associated with reduced plasma triglyceride and
increasing HDL-C28. The study aimed to determine risk factors and the association of lipid
profiles with the LPL gene in patients with coronary artery disease and the healthy
Sudanese population.
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Methodology

Subjects selection

The total number of the study sample was 180 subjects, 100 individuals were patients
with coronary disease and 80 individuals were healthy have been selected as a control, age
ranged from 17 to 55 years, and gender was matched in both groups, volunteers were
recruited by the private clinic from Iraqi population at large.

Sample collection

During the time of clinical examination, 6 ml of blood samples were collected from
each subject and divided into two parts: In the first part, 2 ml of blood was collected in
EDTA tubes for DNA extraction, while in the second part, 4 ml was taken in a normal test
for separation of the blood serum.

Laboratory measurements

Enzymatic colorimetric techniques were used to assess serum lapse activity .
Enzymatic colorimetric techniques ¢ were used to quantify the lipid profile's TC, HDL-C,
and TG levels, while Friedewald's formula ¢) was used to estimate the LDL and VLDL.

Determination of lipase gene polymorphism

This case-control study aimed to investigate the lipid profiles and risk variables of
CHD patients in Sudan and their correlation with the lipoprotein lipase gene. All
participants gave their informed permission.A systematic questionnaire was used to gather
comprehensive demographic data and CVD risk variables. The MINDRAY BS-200 analyzer
(MINDRAY, Shenzhen, China) examined the lipids. Genomic DNA was extracted from the
blood by kits, and PCR-RFLP was applied to detect DON, N291 and S447X lipoprotein lipase
genotypes, using Taql, Rsal and Mnl1 restriction enzyme, respectively. SPSS v.18 was used
for statistical studies.

Results
Serum lipid results of the population study

In this study, 180 Iraqis were recruited, 80 served as controls and 100 had CHD.
Serum lipase values from the population study and lipid profile (TC, TG, LDL-C, and
VLDL-C) were considerably higher (P<0.0001) in the patient group than in the control group
(P<0.0001), except HDL-C. One of the reasons influencing the development of dyslipidemia
in patients with coronary heart disease is the resulting abnormalities of lipoprotein
metabolism. Diabetic dyslipidemia involves not only quantitative but also qualitative and
kinetic abnormalities of lipoproteins, which are intrinsically atherogenic®.

Hypertriglyceridemia, along with prolonged postprandial hyperlipidemia and
elevated remnant particle levels (caused by increased production of triacylglycerol-rich
lipoproteins and decreased catabolism of triacylglycerol-rich lipoproteins), as well as
decreased HDL-cholesterol levels due to an increased rate of HDL catabolism?, are the main
(characteristic) quantitative abnormalities. The most common qualitative anomalies that
may contribute to atherogenicity
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include glycation of Apo lipoproteins®, a rise in the size of big VLDL particles (VLDL1), a
higher percentage of tiny, dense LDL particles, an increased vulnerability of LDL to
oxidation, and an increase in the triacylglycerol content of both HDL and LDL. The
encouragement of lipid deposition inside artery walls may be implied by the longer LDL
plasma residence time caused by a reduced turnover rate, even when LDL levels may be
normal in individuals with CHD illness. Some factors, such as insulin resistance and
possibly some adipokines (e.g. adiponectin) and hyperglycemia, are involved in the
pathophysiology of diabetic dyslipidemia®.

Table 1. Comparison between lipid levels of patients and control group

Parameter Patients (No. 90) Control (No. 70) Mean + SD P value
Lipase (UI/L) 162.3+ 10.625 90.1+ 11.279 0.001**
HDL-C (mg/dL) 41.236 +10.792 51.5 +7.964 0.001**
TC (mg/dL) 168.512 + 5.378 147.9 +2.352 0.001**
LDL-C (mg/dL) 103.025 + 5.374 71.2+8.722 0.001**
VLDL-C (mg/dL) 27.409 +£9.510 31.985 +5.638 0.002**
TG (mg/dL) 137.479 + 7.302 74.8 +10.603 0.001**

Genotypes and alleles frequency:
By PCR-RFLP analysis of the lipase polymorphism, three types of genotypes (B1B1, B1B2,
B2B2) have been obtained as show in (Fig 2).
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Figure 1. Showing LIPASE GENE gene polymorphism of PCR-RFLP products. Lane (M) 100 bp DNA ladder,
lane (3 & 4) B1B1 homozygote (361 & 174 bands), lane (1 & 6) B1B2 heterozygote (535, 361 & 174 bp bands),
lane (2 & 5) B2B2 homozygote (535 bp band).

53.1% of the population was male, 22% had a family history of coronary heart disease, 42.6%
had high blood pressure, 41.6% had diabetes, 18.2% smoked, and 5.3% drank alcohol. The cultural
denial of drinking and smoking in our culture, particularly among women, may be the cause of the
low rates of these behaviors®. TC and LDL-C values are lower in patients than in controls. Reduced
TC, LDL, and triglycerides were substantially linked to African ancestry®’. LPL D9N, N291S, and
S447X carriers had respective allele frequencies of 4.2%, 30.7%, and 7.1% (Table 1).In various
populations, the N291S carrier of frequency ranged from 2% to 5%%. In contrast, S447X was 18%
in CAD patients and 23% in control®. The incidence of p.Asp9Asn variation in the Tunisian

https://journal.pubmedia.id/index.php/biology



Jurnal Biologi Volume: 2, Nomor 2, 2025 50f11

population was 10.37% in CAD patients compared to 3.66% in controls, while the frequency of
p.Ser447X variation was 8.8% in CAD patients compared to 13.7% in controls®’. Lipid profiles of
D9N, N291S carriers (patient) and non-carriers (control) did not significantly (P <0.05) differ from
one another.

Table 2. Serum lipid levels of the patients according to gender

Parameter Male (No. 77) Female (No. 23) Mean = SD P value
Lipase (UI/L) 175.2+ 11.423 158.1+ 11.351 0.001**
HDL-C (mg/dL) 32.604 +10.822 37.409 +10.751 0.031**
TC (mg/dL) 162.980 + 6.104 188.045 + 42.777 0.049**
LDL-C (mg/dL) 92.936 + 5.827 132.663 + 8.893 0.001**
VLDL-C (mg/dL) 39.767 £5.11 27.8364 + 5.507 0.003**
TG (mg/dL) 137.129 + 6.189 139.181 +5.435 0.847

The findings of this study revealed that diabetic patients had significantly higher
levels of total cholesterol (p=0.888) than non-diabetic subjects. This increase could be
attributed to either a rise in the plasma concentration of VLDL and LDL, which could be
caused by increased hepatic production of VLDL or a decrease in the removal of VLDL and
LDL from the bloodstream*'. According to the study, diabetic patients have significantly
higher levels of LDL (p=0775) and triglycerides (p=0.327). This could be because
overproduction of VLDL raises plasma levels of triglycerides, which are then exchanged by
cholesterol ester transfer protein. Result in decreased HDL cholesterol levels; it might also
be caused by an insulin shortage, which leads to poor glucose utilization, hyperglycemia,
and the release of fatty acids from adipose tissue. Adipose tissue fatty acids are released for
energy purposes, and extra fatty acids build up in the liver where they are transformed into
triglycerides*?. The combination of increased TGs (VLDL-TG), reduced clearance of TG-rich
lipoproteins, and decreased high-density lipoproteins (HDL)* was the most common
change in the lipid profile.

Table 3. Serum lipid levels of the patients and control according to LIPASE GENE polymorphism

Parameter B1B1 (No. 49) B1B2 (No. 25) B2B2 (No. 26) Mean P value
Mean = SD Mean £ SD +SD

Lipase (UI/L) 163.3+ 10.421 166.1+ 11.266 176.2+ 10.867 0.001**
HDL-C (mg/dL) 32.999 +4.486 34.2631+11.94 31.227 +11.633 0.682
TC (mg/dL) 166.973 + 5.966 169.988 +4.903 174.023 + 5.347 0.888
LDL-C (mg/dL) 105.325 + 5.844 96.720 + 5.926 105.965 + 9.628 0.775
VLDL-C (mg/dL) 35.656 + 3.704 40.366 + 6.612 38.682 +5.848 0.417
TG (mg/dL) 139.658 + 7.761 143.3012 + 5.267 122.246 + 3.125 0.327

Table 4 shows results of the genotype and allelic frequencies in (%) and number of
patients having each genotype of study population. The distribution of genotype in case
and control group was accomplished in the Hardy-Weinberg equilibrium. The results
demonstrate that there is a substantial differential (p value 0.001) between frequency of
genotypes and alleles of LIPASE GENE polymorphism in the patient and control groups. In
comparison to the control, patients with the B2B2 genotype (22.86%) had significantly lower
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levels, whereas those with the B1B1 (8.57%) and B1B2 (68.57%) genotypes had higher levels.
Additionally, we found that the patient’s Bl allele frequency was higher than that of the
control group, but the B2 allele frequency was lower (P <0.05).

Table 4. Distribution of genotypes and alleles frequency of the patients and controls group

Patients No. (100) Control No. (80)

Genotypes  No. % No. % P value OR (95% CI)

B1B1 49 49 13 9.57 7.27 2.48-21.92

B1B2 25 25 49 68.67 0.0001** 0.51 0.23-1.16

B2B2 24 24 18 33.86 1 Ref. -

Alleles No. % No. % P value

B1 125 66.63 60 43.85 2.665 1.679 to 4.216

B2 65 33.37 80 56.15 0.0002** 1 Ref. -
Discussion

And S5447X "genotype (Table 1). DON and N291S mutations were related with
increased plasma TG*. The 5447X variation was linked to a decreased risk of CHD*, greater
HDL, and lower TG. Heterozygote carriers of the p.Asp9Asn mutation showed a substantial
drop in HDL* and an increase in total cholesterol in the healthy Tunisian population. In
conclusion Heart conditions are common in Iraq and share risk factors with other countries.
The lipoprotein lipase polymorphism was not associated with the incidence of CHD. In this
study, we first performed a meta-analysis of the association between LPL polymorphism
and CAD risk. It was found that the LPL HindIII polymorphism was positively correlated
with CAD risk. In contrast, the LPL Pvull polymorphism exhibited no connection with CAD
risk Conversely, there was no correlation between the LPL Pvull polymorphism and the
incidence of CAD. The relationship between the LPL Ser447X polymorphism and the risk
of CAD requires more investigation. The LPL gene, located on chromosome 8p22, is more
than 30 kb long and consists of 10 exons and 9 introns. Its 475 amino acid proteins, including
a 27 amino acid signal peptide, are translated from its cDNA. Restrictions fragment length
polymorphisms (RFLPs) in the LPL gene* have shown a number of sequence variants,
including BamHI, Pvull, HindIIl, BstNI, and Ser447X sites.

The HindlIl, Ser447X, and Pvull polymorphisms were the most prevalent among these
variants and might be linked to significant changes in plasma lipids. The HindllII, Ser447X,
and Pvull gene ploymorphisms have been shown in recent research to reduce plasma LPL
activity. Moreover, reduced HDL-C and increased TG levels in patient samples were linked
to lower plasma LPL activity, which may increase the risk of CAD . The HindIII
polymorphism can impact RNA splicing* and is situated in intron 8, 495 bp from the splice-
donor location. The HindIII polymorphism's H-allele may result in improved lipid binding*
or increased enzyme activity.

The Ser447X polymorphism is found at position 1959 in intron 9, where guanine (G)
takes the place of cytosine (C). The last two amino acids, serine and glycine, at position 447
of protein 5!, are suppressed as a result of this polymorphism. Intron 6 has the Pvull
polymorphism, which is 1.57 kb away from the SA site. The C497-T mutation may obstruct
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proper messenger RNA% splicing, since the area containing the Pvull site is similar to the
splicing site in its similarity to the consensus sequence needed for 39-splicing and the
development of the lariat structure.The relationship between the LPL polymorphism and
CAD has been explored for thirty years. However, the findings to yet have been uneven.
Large-scale case control studies examining the relationship between LPL polymorphism
and CAD risk do not yet exist. In order to investigate the relationship between LPL
polymorphism and CAD risk, we conducted a meta-analysis. Between 2000 and 2015, we
examined seven studies, comprising 1853 cases and 1171 controls, to examine the
relationship between the HindIII polymorphism and the risk of CAD. The results of the
investigation showed a substantial correlation between the risk of CAD and the HindIII
H+H+ genotype and the H+ allele genotype™.

For thirty years, researchers have studied the connection between CAD and the LPL
polymorphism. Still, the results have been inconsistent. There are currently no extensive
case control studies investigating the connection between LPL polymorphism and CAD
risk. We performed a meta-analysis to look into the connection between LPL polymorphism
and CAD risk. In order to investigate the connection between the HindIII polymorphism
and the risk of CAD, we looked at seven studies from 2000 to 2015, which included 1853
cases and 1171 controls. The study's findings demonstrated a strong association between
the HindIII H+H+ genotype and the H+ allele genotype with the risk of CAD.

Conclusion

In summary, we discovered a substantial correlation between the incidence of CAD
and the LPL polymorphisms HindIIl H+tH+ genotype and H+ allele genotype. Additionally,
there was a strong correlation between the Ser447X XX genotype and the risk of CAD.
However, more studies are needed to confirm these findings. In contrast, the Pvull
polymorphism had no association with the risk of CAD. We have concluded that LPL
HindIII polymorphism might serve as a potential biomarker" for CAD risk.

Acknowledgments

We thank tikrit hospital, and center lap of Tikrit university Corporation for the
helpful discussion. Financial supports were provided by the National Key Research and
Development Program of Iraq from the Ministry of height education and scientific research
and of Iraq.

https://journal. pubmedia.id/index.php/biology



Jurnal Biologi Volume: 2, Nomor 2, 2025 8of 11

References :

Abu-Amero K.K., Wyngaard C.A., Al-Boudari O.M., Kambouris M., Dzimiri N. Lack of
association of lipoprotein lipase gene polymorphisms with coronary artery disease
in the Saudi Arab population. Arch. Pathol. Lab. Med. 2003;127:597-600

Al-Jafari A.A., Daoud M.S., Mobeirek A.F., Al Anazi M.S. DNA polymorphisms of the
lipoprotein lipase gene and their association with coronary artery disease in the Saudi
population. Int. J. Mol. Sci. 2012;13:7559-7574.

Abdel Hamid M.M., Ahmed S., Salah A., Tyrab E.M., Yahia L.M., Elbashir E.A. et al.
(2015) Association of lipoprotein lipase gene with coronary heart disease in Sudanese
population. J. Epidemiol. Glob. Health 5, 405-407.

Abd El-Aziz T.A., Mohamed R.H. and Hashem R.M. (2011) Association of lipoprotein
lipase and apolipoprotein C-III genes polymorphism with acute myocardial
infarction in diabetic patients. Mol. Cell. Biochem. 354, 141-150

Allan CM, Larsson M, Jung RS, Ploug M, Bensadoun A, Beigneux AP, et al. Mobility of
"HSPG-bound" LPL explains how LPL is able to reach GPIHBP1 on capillaries. | lipid
Res (2017) 58(1):216-25.

Ashok K. M., Veera Subhashini N.G., Kanthimathi S., SaiBabu R., Ramesh A., Cherian KM.
et al. (2010) Associations for lipoprotein lipase and peroxisome proliferator-activated
receptor-gamma gene and coronary artery disease in an Indian population. Arch.
Med. Res. 41, 19-25 .

Amps L, Reina M, Llobera M, Vilaro S, Olivecrona T. Lipoprotein lipase: cellular origin and
functional distribution. Am | Physiology-Cell Physiol (1990) 258(4 Pt 1):C673-81.

Ani, A., Ani M.Moshtaghie A.A. & Ahmad vand H. (2010) Effect of titanium on lipoprotein
lipase activity in vivo and in vitro. J. Trace Elem. Med. Biol. 24, 95-98.

Auer, R. C.,, Khetarpal S.A., Hand N.J. and Rader D.J. (2016) Therapeutic targets of
triglyceride metabolism as informed by human genetics. Trends Mol. Med. 22, 328—
340.

Auwerx ], Leroy P, Schoonjans K. Lipoprotein lipase: recent contributions from molecular
biology. Crit Rev Clin Lab Sci (1992) 29(3-4):243-68.

Aziz, T.A., Mohamed R.H. and El-Shal A.S. (2023) Synergistic effect between lipoprotein
lipase and apolipoprotein C3 genes in determining the severity of coronary artery
disease. |. Cardiovasc. Transl. Res. 6, 430-435

Bankaitis VA and Wang Y, Lipoprotein Lipase Sorting: Sphingomyelin and a Proteoglycan
Show the Way. Trends in Cell Biology, 2020. b

Bahrami M., Barati H., Jahani M.M., Fatemi A., Sharifi Z., Eydi A. et al. (2015) Lipoprotein
lipase gene variants: Association with acute myocardial infarction and lipid
profiles. Eqypt. |. Med. Hum. Genet. 16, 327-332

Beigneux AP, Allan CM, Sandoval NP, Cho GW, Heizer PJ, Jung RS, et al. Lipoprotein lipase
is active as a monomer. Proc Natl Acad Sci (2019) 116(13):6319-28.

https://journal. pubmedia.id/index.php/biology



Jurnal Biologi Volume: 2, Nomor 2, 2025 9of 11

Bhattacharya, A, et al.,, Hepatic SellL-Hrd1 ER-associated degradation (ERAD) manages
FGEF21 levels and systemic metabolism via CREBH. The EMBO journal, 2018. 37(22):
p. €99277.

Blanchette-Mackie EJ, Masuno H, Dwyer NK, Olivecrona T, Scow RO. Lipoprotein lipase in
myocytes and capillary endothelium of heart: immunocytochemical study. Am |
Physiology-Endocrinology Metab (1989) 256(6 Pt 1):E818-28.

Chen Q., Razzaghi H., Demirci F.Y., Kamboh M.I. Functional significance of lipoprotein
lipase HindIIl polymorphism associated with the risk of coronary artery
disease. Atherosclerosis. 2008;200:102-108.

Clee, S. M., Bissadag N., Miao F., Miao L., Marais A.D., Henderson H.E. et al. (2000) Hayden
plasma and vessel wall lipoprotein lipase have different roles in atherosclerosis. .
Lipid Res. 41, 521-531.

Corella D., Guillen M., Saiz C., Portoles O., Sabater A., Folch J., Ordovas J.M. Associations
of LPL and APOC3 gene polymorphisms on plasma lipids in a Mediterranean
population: Interaction with tobacco smoking and the APOE locus.]. Lipid
Res. 2002;43:416-427.

Daoud, M. S., Ataya FE.S., Fouad D., Alhazzani A., Shehata A.L, Al-Jafari A.A. et al.
(2013) Associations of three lipoprotein lipase gene polymorphisms, lipid profiles
and coronary artery disease. Biomed. Rep. 1, 573-582

Ehrhardt, N., Bedoya C, and Péterfy M, Embryonic viability, lipase deficiency,
hypertriglyceridemia and neonatal lethality in a novel LMF1-deficient mouse
model. Nutrition & metabolism, 2014. 11(1): p. 37.

Ferencak, G., Pasali¢ D., Grskovi¢ B., Cheng S., Fijal B., Sesto M. et al. (2003) Lipoprotein
lipase gene polymorphisms in croatian patients with coronary artery disease. Clin.
Chem. Lab. Med. 41, 541-546.

Goldberg, 1. J. (2019) Lipoprotein lipase and lipolysis: central roles in lipoprotein
metabolism and atherogenesis. J. Lipid Res. 37, 693-707.

Gunn, K. H, Roberts BS, Wang F, Strauss JD, Borgnia MJ, Egelman EH, et al. The structure
of helical lipoprotein lipase reveals an unexpected twist in lipase storage. Proc Natl
Acad Sci U S A. (2020) 117(19):10254-64.

Gunn. K. H, et al., The structure of helical lipoprotein lipase reveals an unexpected twist in
lipase storage. Proceedings of the National Academy of Sciences, 2020. 117(19): p. 10254—
10264.

Handley, S. A, Wanandy T, Prentice L. Validation of the Randox colorimetric assays for
serum copper and zinc. Ann Clin Biochem. 2024 May;61(3):182-194.. Humphries S.E.,
Nicaud V., Margalef J., Tiret L., Talmud P.J. Lipoprotein lipase gene variation is
associated with a paternal history of premature coronary artery disease and fasting
and postprandial plasma triglycerides: The European Atherosclerosis Research
Study (EARS) Arterioscler. Thromb. Vasc. Biol. 1998;18:526-534].

Hwang J. & Qi L, Quality Control in the Endoplasmic Reticulum: Crosstalk between ERAD
and UPR pathways. Trends in biochemical sciences, 2018. 43(8): p. 593-605.

https://journal. pubmedia.id/index.php/biology



Jurnal Biologi Volume: 2, Nomor 2, 2025 10 of 11

Izar, M. C., Helfenstein T., Thara S.S., Relvas W.G., Santos A.O., Fischer S.C. et al.
(2009) Association of lipoprotein lipase DIN polymorphism with myocardial
infarction in type 2 diabetes: the genetics, outcomes, and lipids in type 2 diabetes
(GOLD) study. Atherosclerosis 204, 165-170

Jensen, M. K., Rimm E.B., Rader D., Schmidt E.B., Sorensen T.I., Vogel U., Overvad K,
Mukamal K.J. S447X variant of the lipoprotein lipase gene, lipids, and risk of
coronary heart disease in 3 prospective cohort studies. Am. Heart . 2009;157:384-390.

Khongwichit, S., Swangphon P, Nanakorn N, Nualla-Ong A, Choowongkomon K,
Lieberzeit PA, Chunta S. A simple aptamer/gold nanoparticle aggregation-based
colorimetric assay for oxidized low-density lipoprotein determination. Talanta. 2023
Mar 1;254:124199.

Kim, M. S, Wang Y, Rodrigues B. Lipoprotein lipase mediated fatty acid delivery and its
impact in diabetic cardiomyopathy. Biochim Biophys Acta (BBA) - Mol Cell Biol
Lipids (2012) 1821(5):800-811.

Kim, G. H, et al. (2018). Hypothalamic ER-associated degradation regulates POMC
maturation, feeding, and age-associated obesity. The Journal of clinical investigation,
2018. 128(3). Kumari A, Kristensen KK, Ploug M, Winther AL. The importance of
lipoprotein lipase regulation in atherosclerosis. Biomedicines (2021) 9(7):782.

LiY., Hew .P., Zhang D.W., Zheng X.L., Cayabyab F.S., Yin W.D. et al. (2014) Lipoprotein
lipase: from gene to atherosclerosis. Atherosclerosis 237, 597-608 .

Murthy, V. ]J. P. & Gagne C. (1996) Molecular pathobiology of the human lipoprotein lipase
gene. Pharmacol. Ther. 70, 101-135.

Nicklas, B. J., Ferrell R.E., Rogus E.M., Berman D.M., Ryan A.S., Dennis K.E., Goldberg A.P.
Lipoprotein lipase gene variation is associated with adipose tissue lipoprotein lipase
activity, and lipoprotein lipid and glucose concentrations in overweight
postmenopausal women. Hum. Genet. 2000;106:420-424.

Péterfy M, Lipase maturation factor 1: a lipase chaperone involved in lipid
metabolism. Biochimica et Biophysica Acta (BBA)-Molecular and Cell Biology of Lipids,
2012. 1821(5): p. 790-794.

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

Qi L, Tsai B, & Arvan P, New insights into the physiological role of endoplasmic reticulum-
associated degradation. Trends in cell biology, 2017. 27(6): p. 430—440.

Roberts. B. S, et al., Lipase maturation factor 1 affects redox homeostasis in the endoplasmic
reticulum. The EMBO journal, 2018. 37(19-21)

Rodrigues B, Cam MC, Jian K, Lim F, Sambandam N, Shepherd G. Differential effects of
streptozotocin-induced diabetes on cardiac lipoprotein lipase
activity. Diabetes (1997) 46(8):1346-53.

Sayad A., Noruzinia M., Zamani M., Harirchian M.H., Kazemnejad A. Lipoprotein Lipase
HindIII Intronic Polymorphism in a Subset of Iranian Patients with Late-Onset
Alzheimer’s Disease. Cell ]. 2012;14:67-72.

https://journal. pubmedia.id/index.php/biology



Jurnal Biologi Volume: 2, Nomor 2, 2025 11 of 11

Shi. G, et al., ER-associated degradation is required for vasopressin prohormone processing
and systemic water homeostasis. The Journal of clinical investigation, 2017. 127(10): p.
3897-3912.

Socquard, E., Durlach A., Clavel C., Nazeyrollas P., Durlach V. Association of HindIII and
Pvull genetic polymorphisms of lipoprotein lipase with lipid metabolism and
macrovascular events in type 2 diabetic patients. Diabetes Metab. 2006;32:262-269.

Tanguturi. P. R., Pullareddy B., Rama Krishna B.S., Murthy D.K. Lipoprotein lipase gene
HindIIl polymorphism and risk of myocardial infarction in South Indian
population. Indian Heart J. 2013;65:653-657.

Tanguturi. P. R, Pullareddy B., Rama Krishna B.S. and Murthy D.K. (2013) Lipoprotein
lipase gene HindIII polymorphism and risk of myocardial infarction in South Indian
population. Indian Heart J. 65, 653657 .

Toth, P. P. (2016) Triglyceride-rich lipoproteins as a causal factor for cardiovascular
disease. Vasc. Health Risk Manag. 12, 171-183.

Tripathi R Agarwal S. and Ramesh V.(2011) Lipoprotein lipase (A1127G) gene
polymorphism: a case—control association study. Biochem. Genet. 49, 587—

Ukkola O., Garenc C., Perusse L., Bergeron J., Despres ]J.P., Rao D.C., Bouchard C. Genetic
variation at the lipoprotein lipase locus and plasma lipoprotein and insulin levels in
the Quebec Family Study. Atherosclerosis. 2021;158:199-206.

Van Bockxmeer F.M., Liu Q., Mamotte C. and Taylor R. (2001) Lipoprotein lipase DN,
N291S and S447X polymorphisms: their influence on premature coronary heart
disease and plasma lipids. Atherosclerosis 157, 123-129]

Voss C.V., Davies B.S,, Tat S., Gin P., Fong L.G., Pelletier C., Mottler C.D., Bensadoun A.,
Beigneux A.P., Young S.G. Mutations in lipoprotein lipase that block binding to the
endothelial cell transporter GPIHBP1. Proc. Natl. Acad. Sci. USA. 2011;108:7980-7984.

Wion K.L., Kirchgessner T.G., Lusis A.]., Schotz M.C., Lawn R.M. Human lipoprotein lipase
complementary DNA sequence. Science. 1987;235:1638-1641.

Zhang Y., Xie W, Li L., Zhang M., Cheng H.P., Gong D. et al. (2016) MicroRNA-27 prevents
atherosclerosis by suppressing lipoprotein lipase-induced lipid accumulation and
inflammatory response in apolipoprotein E knockout mice. PLoS One 11, e0157085
10.1371/journal.pone.

https://journal. pubmedia.id/index.php/biology



