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Abstract

The direct link between lipid metabolism alterations and the increase of
cardiovascular risk are well documented. Dyslipidemias, including isolated high
LDL-c or mixed dyslipidemia, such as those seen in diabetes 1 2
(hypertriglyceridemia, high LDL-c or low HDL-c), correlate with a significant risk
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of cardiovascular and cerebrovascular disease worldwide. This review W'
analyzes the current knowledge concerning the genetic basis of lipid version 2 report
metabolism alterations, emphasizing lipoprotein lipase gene mutations and the published

Hindlll polymorphism, which are associated with decreased levels of 010ct 2018

triglycerides and LDL-c, as well as higher levels of HDL-c. These patterns

would be associated with decreased global morbidity and mortality, providing version 1 v ?
protection against cardiovascular and cerebrovascular diseases. gng"zCZ% - report report
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(:5755:0 Amendments from Version 1

We made several modifications based on the reviewer input. In the
“Dyslipidema: The Current Status” section the last four paragraphs
were reworded and updated. This allows for improved reading
comprehension and better supporting evidence. Per Reviewer 2
request, we added information about ABCA1 into our manuscript
under the “Dyslipidemia Genetics” section. The written portion of the
other genes was also reworded for improved comprehension and
flow. In the “LPL Polymorphism” section we added more details about
Ser447x and reworded both the Pvull and Hinlll details. Finally, the
“Hindlll (rs320) Polymorphism” section received additional details in
the first, penultimate, and last paragraphs. The authors feel this is a
much stronger rendition of the manuscript that achieves the requested
changes.

See referee reports

Dyslipidemia: The current status

The relationship between dyslipidemia and atherosclerosis
continues to be an area of active research, since the prevalence
of atherosclerosis and associated cardiovascular complications
continue to increase in the industrialized world'. Cardiovascular
disease (CVD) constitutes the greatest cause of morbidity and
mortality globally with a high incidence in countries of all
economic categories’. Evidence supporting a causal relationship
between lipid profile abnormalities and the risk of coronary
artery disease (CAD) is overwhelming, confirming that hyper-
cholesterolemia is an independent risk factor for CVD*®. In
addition, hypertriglyceridemia and mixed dyslipidemias have
been associated with the aggregation of metabolic risk factors,
like hypertension (HTN)® and obesity’.

Dyslipidemias are a group of metabolic derangements char-
acterized by any or a combination of the following: elevated
low density lipoprotein (LDL-c) (>130md/dL), elevated total
cholesterol (>200 mg/dL), elevated TG (>150mg/dL), or low high
density lipoprotein (HDL-c) (<40mg/dL in men and <50mg/dL
in women)®.

The worldwide prevalence of dyslipidemia varies between
different individuals, depending on race, age, socio-economic
and cultural factors, lifestyle and genetics. This prevalence has
increased significantly in growing cities with economic growth’.
The factors are undoubtedly related to high calorie intake
described by other Western nations'’; while lower prevalence
has been reported for these pathologies in Canada and South
Korea where 45% and 44.1% of their respective populations
present evidence of dyslipidemia'"">. The difference of preva-
lence in these nations is indisputably tied to lifestyle with
various publications highlighting diets rich in fiber and low in
fats and refined sugars'*'*.

In Brazil, de Souza et al. 2003."” reported the most frequent
dyslipidemias in their 1039 sample population were isolated low
HDL-C (18.3%), hypertriglyceridemia (17.1%), and isolated
hypercholesterolemia (4.2%). These results differ from those
reported in the CARMELA study from Mexico between 2003
and 2005'°, where the incidence of dyslipidemia in 1722 per-
son sample size reported 16.4% with hypercholesterolemia and
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32.5% with hypertriglyceridemia - slightly higher than those
reported in Brazil. The differences could be related to the food
preferences within Mexico, which include greater amounts of
fat, simple sugars, and processed ingredients'’. It must also
be noted that these studies are over 10 years old as no more
recent publications in Latin America were found. With the
continued rise in dyslipidemias and obesity, these numbers do
not necessarily reflect the current reality of these pathologies
in the studied populations.

In Venezuela, the CARMELA study evaluated the prevalence
of these lipid metabolism disorders in the city of Barquisimeto.
The researchers found 59.6% of the 1824 subjects to suf-
fer from dyslipidemia in 2003'*. A decade later, Linares et al."”
published a study of 1892 sample size from the city of Marac-
aibo, Venezuela showing a prevalence of 84.8% - the highest
figure reported to date. The difference of prevalence is related to
both the ten year gap between the studies as well as the regional
differences between the sample populations. Even though
these two studies occurred in Venezuela, the two sites have
different cultures, climate, and completely different nutritional
food preferences. The diet of the latter is traditionally high in
calories, protein, and carbohydrates with an elevated alcohol
intake” while only 40% of the former ever ate fast food or
other foods outside the home”'.

In the majority of the studies of prevalences there is a clear
tendency to evaluate younger populations, (22-24 years of age)
as in the study by Barja et al. between 2009-2011%* where 2900
school-age children were evaluated with the average age of
11.42+0.97 years old. Of this sample, 9.4% had isolated hyper-
trigliceridemia, 7.6% with low HDL-C, 4.9% with isolated
hypercholesterolemia, 6.24% with atherogenic dyslipidemia, and
3.9% with mixed dyslipidemia. The existence of hyperlipidemia
increases the potential for deposits on the tunica intima and
the formation of arterial plaques. A correct early diagnosis of
dyslipidemia allows for timely preventive intervention resulting
in a reduction cardiovascular disease and facilitates the
patient’s clinical treatment™.

Dyslipidemia genetics

The association between family history of dyslipidemia and
the risk of CVD is supported by a large body of evidence'**.
Additionally, the great advancement in DNA analysis tech-
niques has aided research surrounding CVD and related genetics
and epigenetics. Understanding gene mutations or polymor-
phisms involved in the synthesis, transport, and metabolism of
lipoproteins allows recognition of potential therapeutic targets
and alternative treatments through identification of new
molecules'**.

Dyslipidemia is one of the most well characterized cardiovas-
cular risk factors'*”’. This not only depends on diet, but also on
the synthesis and metabolism of lipoproteins conditioned by
gene expression. Given the importance and the great diversity
of proteins that participate in lipid metabolism, one might
expect that a single defect in any step of gene expression would
affect the quantity or quality of the product and potentially predis-
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pose to dyslipidemias and CVD".
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One genetic abnormalities associated with low HDL-c and
increased CVD risk is the Tag IB polymorphism located in
chromosome 16q21. This gene alters cholesteryl ester protein
transferase (CEPT), which decreases HDL-c concentration®.
Some deletions, inversions, and substitutions of the APO AI-1V,
CIl, and CIII genes are also associated with both premature
CVD and low HDL-c**. Total deficiency of lecithin choles-
terol acyl transferase (LCAT) can be seen after transition of
C—T in codon 147 of exon 4 (W147R), G—A in codon 293 of
exon 6 (M293I), as well as partial deficiencies of LCAT due to
transition of C—T. Additionally, the substitution of threonine
for isoleucine in codon 123 (T123I) causes decreased HDL-c
and higher cholesterol in the intima of arterial vessels”*”’.

Below, some of the genetic alterations associated with low levels
of HDL-c and a higher risk of CVD are highlighted:

e CETP: This mediates the exchange of lipids between
lipoproteins. With high levels of CETP, HDL are transi-
tioned into triglycerides (TGs), becoming the substrate
for hepatic lipase where TGs are hydrolyzed. Apoproteina
(Apo) A-1 is degraded in tubular renal cells and dimin-
ishes the amount of HDL-C - increasing the atherogenic
potential. The polymorphism rs1801706 (c.*84G>A) of
the CETP gene is associated with CAD”’.

e Familial hypoalphalipoproteinemia and HDL-C deficiency:
Approximately 50% of the HDL-C alterations are
explained by polygenic defects in various chromosomal
loci that control apolipoprotein expression (A-I, A-II,
C-II, C-III y A-IV). Multiple genetic variations such as
deletions, inversions, and substitutions of gene coding
for apolipoproteins are associated with severe CAD***.

e LCAT: This liver-synthesized enzyme circulates in
plasma forming complexes with HDL and participating
in the inverse transport of cholesterol. LCAT deficiencies
cause an accumulation of free cholesterol in tissues.
One of the most recent described gene alterations is
the P-274-S polymorphism that afects biogenesis of
HDL-C" and favors development of CVD.

e ABCAl: This protein mediates the transport of cho-
lesterol and phospholipids from the cells to LDL. The
C-69-T polymorphism of the gene codifies this protein
and alterations can result in lower levels of HDL-C with
higher levels of TG in obese children’'. Additionally, the
rs2515602, rs2275542, rs1800976, and rs4149313 poly-
morphisms are associated with obesity and can negatively
affect one’s lipid profile base on one study performed
on 535 Chinese patients™.

e FTO: This includes a group of 45 genes related to
obesity that were grouped together during phylogenetic
analysis* and perform an important function in the
regulation of food ingestion. F7O mutations are asso-
ciated with obesity, metabolic syndrome and CAD*.
The literature does not specify which lipid metabolism
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genes affect FTO, but the rs9939609 polymorphism is
associated with low HDL-C levels.

The following are some genetic alterations associated with
hypercholesterolemia and hypertriglyceridemia, including their
relationship with increased cardiovascular risk:

* LDLR gene - LDL-C receptor and familial hypercholes-
terolemia (FH): LDL-C is a macromolecular complex
that transports cholesterol and cholesteryl esters from
the liver to other peripheral tissues, where cholesterol is
introduced to the cells through LDL receptors (LDLR)™.
FH, an autosomal dominant condition caused by mutations
on the LDLR gene, is one of the best characterized
genetic defects”**. Mutations on this lipoprotein or
one of the proteins involved in its metabolism in duce
hypercholesterolemia and elevated LDL-C - both factors
predisposing to the premature CAD development.

e APO B-100 gene — ligand of LDL-C receptor and Famil-
ial Apolipoprotein B dysfunction (hypercholesterolemia
type B). ApoB-100 is the principle apolipoprotein in
LDL and the ligand of LDLR. The autosomal dominant
dislipidemia know as Familial APO B-100 Dysfunc-
tion (FDB) and is due to mutations in ApoB-100%.
Recently two new mutations on this gene have been
described - p.Argl164Thr and p.GIn4494. These variants
have problems with binding to LDLR*’ where carriers of
this mutation bear a greater cardiovascular risk.

* APO E gene — Apolipoprotein E and hyperlipoproteine-
mia or hyperlipidemia type III. Apolipoprotein E (ApoE)
is a principal component of chylomicrons (CMs), very
low density lipoprotein (VLDL) and some HDL-C. Its
main function is to serve as the ligand for hepatic recep-
tors for the remnants of the aforementioned lipoproteins
and regulation of VLDL production. Alterations in this
apoprotein cause hyperlipoproteinemia or Type III Hyper-
lipidemia (HLP III) where the plasma levels of cholesterol
and triglycerides are increased”. The polymorphisms in
ApoE are associated with variations in plasma cholesterol
levels where individuals with this allele mutation exhibit
cholesterol levels 10% greater than average''.

e LPA Gene: This is formed by a nucleus rich in choles-
terol esters, phospholipids, and an ApoB-100 that contains
a union site for LDL receptors, but still contains an
ApoA molecule. Lp(a) consists of one of the most impor-
tant cardiovascular risk factors and proves of greater
significance when correlated with elevated levels of
LDL-C - observed commonly in patients under 60
years old with CVA™. Polymorphisms have been found
consisting of variable repetitions of module 4 where
the number of repetitions is inversely proportional to
the plasma levels of Lp(a)”. Recent work has encoun-
tered differences in the distribution of the diverse
alleles of ApoA among patients with atherosclerosis and
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the isoforms of low weight molecular B, S1, and S2.
These are found most frequently in carriers of coronary
insufficiency who also show elevated levels of Lp(a)*.
This suggests that the short alleles of ApoA contribute
to atherogenesis, increasing the plasma concentration of
Lp(a).

HL gene - hepatic lipase and phenotype of combined
familial hyperlipidemia. Combined familial hyperlipi-
demia is a genetic lipid disorder that accounts for 10-20%
of premature CAD worldwide. Affected individuals’
exhibit hypercholesterolemia and/or hypertriglyceridemia
and elevated concentrations of APO B, with low
values of HDL-c. These are collectively called iatrogenic
lipoproteinemia phenotype. There have been demon-
strations of alterations in common genetic loci between
families of both combined familial hyperlipidemia
phenotype and atherogenic lipoproteinemia phenotype.
(ALP). Such loci include genes of superoxide manga-
nese dismutase, transport proteins of cholesteryl esters/
lecithin, cholesterol acyl transferase and AI-CIII-AIV,
as well as a great variety of studies relating polymor-
phisms in the promoter region of the LH gene (C-480T and
C-514T polymorphisms) with lowering on plasma levels
of HDL-C*,

e ApoClIll: Apoprotein CIII: This Apo inhibits the activity

of LPL. It is a component of the lipoprotein remnants
that possess elevated TG levels. The loss of function of
this Apo has been associated with low TG levels and a
reduction of coronary artery calcification’’. The poly-
morphism C3175>G localized in region 3° presents
in less than 5% of the population in the UK. Those
who present with this polymorphism have elevated TGs
and deficient LPL - augmenting the probability of devel-
oping CVA. Currently the pharmaceutical companies
Isis and Ionis have developed an antisense oligonucle-
otide the blocks ARNm fora ApoCIII. This is currently in
phase 2 of clinical trials and preliminary studies show
a significant decline of TGs in patients with ApoCIII
mutations™.

LPL gene - lipoprotein lipase, Apo CII and familial
dyslipidemia type O or familial chylomicronemia. Any
mutations on the LPL gene, which results in a partial
deficiency of the enzyme, will cause an increase in TG
concentration. This is the basis of familial chylom-
icronemia, familial dyslipidemia type I or familial
hypertriglyceridemia; These are monogenic diseases with
autosomal recessive inheritance, consisting with pure
hypertriglyceridemia, TG values of 300 to 800 mg/dl,
cholesterol <240 mg/dl, increases in VLDL and CMs,
and lowering of LDL-C and HDL-C. To date, some LPL
variants have been characterized because of amino
acids substitutions in different positions (DIN, N2918,
substitutions of glycine for glutamine on codon 188
and serine for a termination signal on codon 4)". The
enzymatic activity of LPL is also lowered by mutations of
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the ApoClI gene, an essential activator of LPL. Specifically,
the mutation R72T of the ApoCIl gene causes severe
hypertriglyceridemia and recurrent pancreatitis®.

This information justifies the use of genetic markers for early
diagnosis and cardiovascular risk assessment, especially in
children and adolescents, in order to adopt early nutritional or
pharmacologic interventions with the aim to mitigate atheroscle-
rotic artery disease.

Lipoprotein lipase

The LPL gene is located on the short arm of chromosome 8, on
the region 21.3 (8p21.3). It is formed of 10 exons and 9 introns
(Figure 1), and the gene codifies a protein of 475 amino
acids™*.

LPL is a multifunctional glycoprotein enzyme that plays an
important role on lipid metabolism. After being secreted, it
adheres to the luminal surface of endothelial cells where it
hydrolyzes TG in circulating lipoproteins. This constitutes the
limiting step on lipoprotein elimination, such as CMs from
exogenous sources, and those endogenous sources, like VLDL,
in circulation™*.

In this way, LPL affects serum levels of TG, generating lipopro-
tein remnants that are processed by hepatic lipase. Recently, it
has been demonstrated that LPL serves as a ligand for the pro-
tein related to the LDLR and influences hepatic secretion and
VLDL and LDL-c capture”’. Additionally, LPL has been linked
to the retention of LDL-c by the sub-endothelial matrix and
arterial wall, increasing LDL and VLDL conversion into more
atherogenic forms™. Genetic modifications can affect LPL
activity, which results in changes in lipid metabolism. Examples
are slow hydrolysis of CMs and VLDL-c, longer LDL-c
half-life, and decreased production of HDL*",

Around 100 mutations have been described on the LPL gene.
The most frequent are Asp9sn, Glyl88Glu and Asn291Ser.
The mutations in the homozygous form are associated with
hyperlipoproteinemia type I (familial chylomicronemia). Het-
erozygous mutations have a significant incidence in the general
population (3-7%) and leads to up to a 50% decreased
activity of LPL, causing an increase in TG and a decrease in
HDL-c. All these lipid profile patterns increase the risk of CVD®'.

LPL gene polymorphisms

Genetic studies have revealed around 100 mutations and poly-
morphisms in simple nucleotides on the LPL gene, some are
protective, which others are deleterious:

1. Serd47x (rs328) polymorphism is located in exon 9,
where cytosine is substituted by guanine on position
1959. This polymorphism leads to the suppression of
both final amino acids, serine and glycine on position
447 of the protein that codifies a LPL protein prema-
turely truncated, which has increased lipolytic activity and
increased levels of post-heparin LPL activity in X447
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8p21.3 CCP8 FISH Probe Chr. 8
1 2 3 4 56 7 8 9 10

Figure 1. Chromosomal origin of the LPL gene. The authors confirm that this is an original image and has not been re-used or adapted

from another source.

carriers. This is associated with the variant Ser447X, with
low levels of TG, small increases of HLD-C levels, and
a moderate CVD risk reduction®”. These results differ
from those of Emamian et al.° who studied 271 obese
individuals and reported elevated TGs in carriers of this
polymorphism. In studies of postprandial lipids, it has
been reported that the aforementioned carriers present
with elevated blood glucose and TGs than non-carriers®.
Thes reports clearly indicate that the benefit of this
mutation are limited in patients of normal weight
under the evaluated conditions.

Pvull (rs285) polymorphism, located on intron 6,
is located 1.57 kb from the Splicing Acceptor (SA)
site. This polymorphism is the product of a change of
cytosine for thymine. The region containing the Pvull
site is similar to the splice location. This suggests that
a change at C497-T may interfere with the correct
splicing of mRNA. Even though the physiological role
associated with this polymorphism is not completely
clear, it has been associated with high TG and low
HDL-C levels”. A meta analysis revealed that this
polymorphism reduces the risk of suffering from an
MI* and, therefore, appears to have a protective effect
against CVA.

HindIll (rs320) polymorphism is one of the most
common polymorphisms of LPL gene (see below).

HindlllI (rs320) polymorphism

Hindlll is a transition of intronic bases of thymine (T) to guanine
(G) on position 495 of intron § of the LPL gene, which eliminates
the restriction site for the HindIIl enzyme (Figure 2 and Figure 3).
Sequential analysis has determined that this HINDIII recogni-
tion site corresponds with the binding consensus sequence for
the transcription factors Spl, GATA, C/EBP, and TBP. The first
three are implicated in the regulation of the gene transcription
involved in lipid metabolism®~’. The transcription factor TBP
(the binding protein for the TATA box) initiates the formation
of the preinitiation complex that permits gene transcription for
part of RNA polymerase II®. Mobility shift electrophore-
sis has shown that human vascular smooth muscle cells and
COS-1 cell carriers of the G/G allelele demonstrated reduced
TBP binding affinity®”. THis indicates less LPL expression
in polymorphism carriers, conferring functionality of said SNP.

HindlIll is one the most frequent polymorphisms found in vari-
ous studies, which show that the homozygous genotype T/T
(H*/H*) represents from 45.1 to 56.4% of Iranian and south
Indian populations, respectively most frequent, followed by the
heterozygous T/G with 35.8-36.6% and homozygous G/G
(H/H), with 6.93-19%"*. Similar results have been reported in
Europe**®’” and Brazil®.

The allele H+ (presence of thymine “T” or restriction site of
HindlIll enzyme) results in a cut on the base pair sequence
in two bands of 217pb and 139pb. This is associated with a
decrease in the activity of LPL in comparison with the allele
H- (presence of “G” or absence of the enzymatic restriction site
or presence of Hindlll polymorphism). With 137pb, in which
there is no cut in the LPL gene intron 8 sequence, maintain-
ing a unique sequence of 356pb (Figure 4)”, leading to both
alterations in lipidic metabolism and cardiovascular risk profile
modifications in these populations.

Some studies have demonstrated that the common allele (T
or H+) is associated with lower levels of HDL-c in contrast
with the uncommon allele (G or H-)"*’!. In addition, those
individuals with H+/H+ genotype had a higher concentra-
tion of serum levels of TG when compared with homozygous
genotype H-/H-°“77072 Similarly, there have been reports of
high serum levels of LDL-c’' and a higher global cardiovas-
cular risk in patients who carry the common allele (T or H+),
see Table 1. Some studies had reported a significant drop in
the LPL activity among carriers of the uncommon G allele
when compared with the more common allele T*".

LPL expressed by macrophages and other cells contained in
the vascular walls is involved in the early atherogenic process
and is associated with increased atherosclerosis. Overexpres-
sion of LPL is also associated with insulin resistance and
HTN by increased sodium retention, inflammation, vascular
remodeling, sympathetic nervous system activation, oxidative
stress and vasoconstriction’*".

On the other hand, HTN (mostly systolic) has been shown to
be associated with the polymorphism HindIll in the Mexican
population in studies by Mufoz-Barrios et al’®. Similarly,
the homozygous genotype for the common allele (H+) was
associated with a higher risk of myocardial infarction in
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patients older than 90 years old in contrast with carriers of the
uncommon allele (H-), associated with a lower prevalence of
cardiovascular complications’’. Clear associations were found
between genotypes of LPL HindIll with HTN (H+/H+ with
an OR: 2.13; 95% CIL: 0.93-4.8)” and smoking®*. In a more
recent study, it was established that the presence of homozygous
genotype for the common allele (H+/H+) of the LPL gene is a risk
factor for a first episode of myocardial infarction®. Conversely,
studies by Imeni et al.”® in an Iranian population, showed no

5 . AAGCTT...3
3...TTCGAA...5

Figure 2. Recognition sequence of Hindlll enzyme. The authors
confirm that this is an original image and has not been re-used or
adapted from another source.
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statistically significant associations between CAD and genotypic
distributions of HindIII polymorphism.

Recent studies have shown increased risk of stroke among
those with LPL gene variations, particularly in the HindIll
gene’”. He et al. reported a lower risk of stroke among patients
with HindlIl polymorphisms with allele G (G vs T; OR=0.78,
CI95%=0.70-0.87, p<0.001). This pattern was observed in patients
with ischemic stroke (G vs T. OR=0.84, CI95%=074-0.95,
p=0.005) and hemorrhagic stroke (G vs. T; OR=0.60,
CI95%=0.48-0.74, p<0.001)*.

In other studies, Imeni et al® evaluated the relationship
between CAD risk and the distribution of HindIII polymorphism
genotypes and found no statistical significant differences
between healthy Irani individuals and those with CAD history.

INTRON 8 GTAATTAAAT GTATTTTTCT ----- (= 330bp) ----- CGAGATGCTA
CCTGGATAAT CAAAGATTCA AACCAACCTC TTCCAGAAGG GTGAGATTCC
AAGATAATCT CAACCTGTCT CCGCAGCCCC ACCCATGTGT ACCCATAAAA
TGAATTACAC AGAGATCGCT ATAGGATTTA ~T[FTAT ACTAAATGTG
CTGGGATTTT GCAAACTATA GTGTGCTGTT ATTGTAA’I‘T TAAAAAAACT

Figure 3. Intron 8, restriction site of Hindlll (AAGC TT > AAGC GT). The authors confirm that this is an original image and has not been
re-used or adapted from another source.
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TATTITTGTATTTCATGTAAGGAAAACATAAGCCCTGAATCGCTCACAGTTATTCAGTGAGAGCT ACGGAGAGET TIAGGAAMCT TTGTATTTAT TACTGTATGA TGTAGATTTT

GGGATTAGAAGTCAGGAATCTCAGC]
GGGAACAAACCTCCGAGATGCTACCT

CTCATTTGGCACTGTTTCTTGTAAGTACAAAATAGTTA
GGATAATCAAAGATTCAAACCAACCTCTTCAAGAAGGG

TGAGATTCCAAGATAATCTCAACC TG TCTOCGCAGCCCCACCCATGTGTACCCATAAAATGAATT
ACACAGAGATCGCTATAGGATTTAAAGC TTTTATACTAAATGTGCTGGGATTTTGCAAACTATAG
T TGTTATTGTTAATTTAAAAAMACTCTAAGTTAGGATTGACAAATTATTTCTCTITAGTCAT

TTGE

TATCACCAAAGAAGE AAACAAACAAACAAAAAAAAAAAGAAAAAGATC TTGGGGAT

GOAAATGTTATAAAGAATCTTTTTTACACTAGCAATGTCTAGC TGAAGGCAGATGCCCTAATTOD
TTAATOCAGATGCTAAGAGATGGCAGAGT TGATCT TTTATCATCTCT TGO TGAAAGOCCAGTAAC
ATAAGACTGCTCTAGGCTGTCTGCATGOCTGTCTATCTAAATTAACTAGCTTGGT TGCTGAACAC
CAGGTTAGGCTCTCAAATTACCCTCTGATTCTGATGTGGCCTGAGT GTOACAGTTAATTATTGGG
BATATCAAAACAATTACCCAGCATGATCATGTAT TATTTAAACAGTCC TGACAGAACTGTACCTT

TGTGAACAGTGCTT

5"

- I

GTGGAGCAGTOOCGGCTTCGOCATTCAGAAGATCAGAGTAAAAGC AGGAGAGACTCAGAAAAA
GTAATTAAATGTATTTTICTTOCTTCACTI TAGACCOCCACCTOATG TCAGGACCTAGGGGCTGT

ATTTCAGGGGOCTTCACAATTCAGGGAGAGCT TTAGGAAACCTTGTATT TATTACTGTATGATGT
AGATTTTCTITAGGAGTCTTCTTTTATTTICTTATTTTTGOOGGGCAGGGGOGGGGAAGTGACAG
TATTTTTGTATTICATGTAAGGAAAACATAAGCCCTGAATOGCTCACAGTTATTICAGTGAGAGCT
GGGATTAGAAGTCAGGAATCTCAGCTTCTCATTTGGCACTGTTTCTIGT AAGTACAAAATAGTTA
GGGAACAAACCTOCGAGATGCTACCTGGATAATCAAAGATTCAAACCAACCTCTTCAAGAA GGG
TGAGATTCCAAGATAATCTCAACCTGTCTOOGCAGCOCCACCCATGTGTACCCAT AAAATGAATT
ACACAGAGATCGCTATAGGATTTAAAGCGTTTATACTAAATG TGCTGOGATTTIGCAAACTATA

GTGTGCTGTTATTGTTAATTTAAAAAAACTCTAAGTTAGGATTGAC AAATTATTTCTCTTTAGTCA

TTTGCTTGTATCACCAAAGAAGCAAACAAACAAAC

GAAAAAGATCTTGGGGA

AAAANAAAANAL
TOGAAATGT TATAAAGAATC TTTTT TACACTAGCAA TG TCTAGCTGAAGGCAGAT GOCCTAATTC
CTTAATGCAGATOCTAAGAGATGOCAGAGTTGATCTTTTATCATCTCTTGGTOAAAGCCCAGTAA

CATAAGACTGCTCTAGGCTOTCTGCATGCCTGTCTATCTAAATTAACTAGCT TG TTGCTGAACA
CCAGGTTAGGCTCTCAAATTACCCTCTGATTCTGATGT GOOCTGAG TG TGACAGTTAATTATTGG
GAATATCAAAACAATTACCCAGCATGATCATGTAT TATTTAAACAGTCCTGACAGAACTGTACCT

TTGTGAACAGTGCTT

L AAGCTT...3
TTCGAA...5

CTTTAGGAGT CTTCTITIAT

COGNGATGET ACET

GOTGA

T TTGRGOGCA GHGH00A
TOTATT TCATOTAAGS AAAKCATAAG COCTGAATEG
CAOTOAGA GCTOOUATIA GAAGTCAGOA ATCTCAGCTT

ACAR AATAGTTAGG CAMCARACTT

AACCAMCCT CTTCAAGAAG

AXTE TEAACCTGTE TECGRAGECE CACCCATGTG.

TACCCATAA ATGAATTACA CAGAGATOSC TATAGGATTT Ad.

o Cut Siies

The uelecned enzymes d0 IOt Apes Tt sequence

TAAATGTOE TOGGATTTTG CAAACTATAG

ARAAAALTE TAAGTTAGEA TTGACAAN

GTGGAGCAGTOCCGOCTTCGOCATTCAGAAGATC AGAGTAAAAGT, MA(JJ\GAC‘T( A(JAN\M

GTAATTAAATGTATTTTICTTCCTTCACTT TAGACCOCCACCTGATGT
ATTTCAGGGGOCTTCACAATTCAGGGAGAGC TTTAGGAAACCTTGTA

rl'
AGATTTTCTTTAGG \fTr‘TIT"I"J'I'Ia‘I’]‘I‘ImAmTIGCGG«’G(‘ AGGOGOGUGGA. u’TrAt‘,\r

T.ATI TTTGTATTTCATGTAAGGAAAAL

AAGCCCTGAATCGCTCAL, NG'ETA‘I TCAGTGAGAGCT

IATTAGAAGTCAGGAATCTC, AK:{"'ITCTC‘ATT!O(:( ACTGTTTCTTGTAAGTACAAAATAGTTA
GGOAACAAACCTCCOAGATGCTACCTGGATAATCAANGATTCAAACC M( CTCTTCAAGAAGGG
TGAGATTCCAAGATAATCTCAACCTGTCTOOGCAGCCCCACCCATGTGTACCCATAAAATGAATT
ACACAGAGATCGCTATAGGATTTAAAGCGTTTATACTAAATGTGCTOGGATTTTGCAAACTATA
GTGTGCTGTTATTGTTAATTTAAAAAAACTCTAAGTTAGGATTGAC AAATTATTTCTCTTTAGTCA
TTTGCTTGTATCACCAAAGAAGCAAACAAACAAACAAAAAAAAAAAGAAAAAGATCTTGGGGA
TGGAAATGTTATAAAGAATCTT TTTTACACTAGCAA TG TCTAGCTGAAGGCAGATGOCCTAATTC
CTTAATGCAGATGCTAAGAGATGOCAGAGTTGATCTTITTATCATCTCTTOGTGAAAGCOCCAGTAA
CATAAGACTGCTCTAGGCTGTCTGCATGOCTGTCTATCTAAATTAACT AGCTTGGTTGCTGAACA
CCAGGTTAGGCTCTCAAATTACCCTCTGATTCTGATG TGGCCTGAGTGTGACAGTTAATTATTGG
GAATATCAAAACAATTACCCAGCATGATCATGTATTATTTAAACAGTCCTGACAGAACTGTACCT

TTGTGAACAGTGCTT

Figure 4. Enzymatic restriction sites in HindllI*°. The authors confirm that this is an original image and has not been re-used or adapted

from another source.

Table 1. Lipid disorders according LPL gene

allele®6:67:70-72,

Serum lipid levels

Triglycerides LDL HDL

Common allele (H+) High High Low

Uncommon allele (H-) Low Low High
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Ahmadi et al.¥ also showed no significant association between
the gene and CAD in the 115 Swiss subjects evaluated. These
findings are in contrary to the expected improved cardio-cer-
ebral function expected and leave this line of research open
for future investigations.

This polymorphism has not only been associated with HA,
rather also with insulin resistance. This is best demonstrated
with a study of 110 Asian females with gestational diabetes
who were found to have a reduced resistance to insulin than
carriers of this rare allele®.

From a neurologic point of view, there is scant data associating
homozygous common genotype (H+/H+) with the develop-
ment of Alzheimer’s disease of late appearance. This is founded
on the LPL function in regulation cognitive function, medi-
ated by cholesterol and Vitamin E transport to neuronal cells
on the hippocampus and other brain areas®.

These investigations suggest that the presence of the HindIIl
polymorphism exerts a positive influence in lipid metabolism in
patients with normal BMI. Future studies should focus in more
detail on the protective function of this genetic factor in the
general population.

Conclusions

Dyslipidemias are independent risk factors for atherosclerotic
artery disease. High TC, TAG and LDL-C, as well as decreased
serum HDL-C, are frequently associated with low physical activ-
ity and poor eating habits, but there is a large number of muta-
tions and single nucleotide polymorphism related to a specific
protein dysfunction within major lipoprotein metabolism pathways
like CETP, ApoA, LCAT, LDL receptor, Apo B-100 and LPL.
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In this regard, the LPL gene HindIll polymorphism (rare allele
H-) poses a protective function through its role in producing
an improved lipid profile (low TG and LDL-c and high
HDL-c). On the other hand, the presence of common allele
(T or H+) is associated with pro-atherogenic dyslipidemias and
raised cardiovascular risk. The uncommon allele (G or H-) with
an absence of restriction HindIll enzyme exhibits a lower
prevalence of at least 20% according to the current available
literature.

There are no studies in Venezuela that allows us to know the
true prevalence of the HindIll polymorphism, nor to cor-
roborate the association with changes in the lipid profile or an
increased risk for cardiovascular diseases, so we suggest per-
forming a national populational genetic study in search for this
lipidic disorders with the aim to has a better understanding of
the cardiovascular risk factors in Latin America.
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All data underlying the results are available as part of the
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Grant information

This work was supported by the Technological, Humanistic,
and Scientific Development Council (Consejo de Desarrollo
Cientifico, Humanistico y Tecnolégico; CONDES), University
of Zulia (grant n° CC-0437-10-21-09-10).

The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

1. Helkin A, Stein JJ, Lin S, et al.: Dyslipidemia Part 1--Review of Lipid Metabolism
and Vascular Cell Physiology. Vasc Endovascular Surg. 2016; 50(2): 107—18.
PubMed Abstract | Publisher Full Text

2. Murray CJ, Lopez AD: Mortality by cause for eight regions of the world: Global
Burden of Disease Study. Lancet. 1997; 349(9061): 1269-76.

PubMed Abstract | Publisher Full Text

3. Gordon DJ, Probstfield JL, Garrison RJ, et al.: High-density lipoprotein
cholesterol and cardiovascular disease. Four prospective American studies.
Circulation. 1989; 79(1): 8—15.

PubMed Abstract | Publisher Full Text

4. Isomaa B, Almgren P, Tuomi T, et al.: Cardiovascular morbidity and mortality
associated with the metabolic syndrome. Diabetes Care. 2001; 24(4): 683-9.
PubMed Abstract | Publisher Full Text

5. Carr MC, Brunzell JD: Abdominal obesity and dyslipidemia in the
metabolic syndrome: importance of type 2 diabetes and familial combined
hyperlipidemia in coronary artery disease risk. J Clin Endocrinol Metab. 2004;
89(6): 2601-7.
PubMed Abstract | Publisher Full Text

6. Onat A, Hergeng G, Sari |, et al.: Dyslipidemic hypertension: distinctive features
and cardiovascular risk in a prospective population-based study. Am J
Hypertens. 2005; 18(3): 409-16.
PubMed Abstract | Publisher Full Text

7. Brown CD, Higgins M, Donato KA, et al.: Body mass index and the prevalence of
hypertension and dyslipidemia. Obes Res. 2000; 8(9): 605—19.
PubMed Abstract | Publisher Full Text

8. Joffres M, Shields M, Tremblay MS, et al.: Dyslipidemia prevalence, treatment,
control, and awareness in the Canadian Health Measures Survey. Can J Public
Health. 2013; 104(3): e252-257.

PubMed Abstract | Publisher Full Text

9. IIhan G, Beytullah Y, Semsettin S, et al.: Serum lipid and lipoprotein levels,
dyslipidemia prevalence, and the factors that influence these parameters in a
Turkish population living in the province of Tokat. Turk J Med Sci. 2010; 40(5):
771-82.

Publisher Full Text

10.  Téth PP, Potter D, Ming EE: Prevalence of lipid abnormalities in the United
States: the National Health and Nutrition Examination Survey 2003-2006. J Clin
Lipidol. 2012; 6(4): 325-30.

PubMed Abstract | Publisher Full Text

11.  Lee MH, Kim HC, Ahn SV, et al.: Prevalence of Dyslipidemia among Korean
Adults: Korea National Health and Nutrition Survey 1998-2005. Diabetes Metab
J.2012; 36(1): 43-55.

PubMed Abstract | Publisher Full Text | Free Full Text

12.  de Souza LJ, Souto Filho JT, de Souza TF, et al.: Prevalence of dyslipidemia
and risk factors in Campos dos Goytacazes, in the Brazilian state of Rio de
Janeiro. Arq Bras Cardiol. 2003; 81(3): 249-64.

PubMed Abstract | Publisher Full Text

13.  Aguilar-Salinas CA, Gémez-Pérez FJ, Rull J, et al.: Prevalence of dyslipidemias
in the Mexican National Health and Nutrition Survey 2006. Salud Publica Mex.
2010; 52 Suppl 1: S44-53.

PubMed Abstract | Publisher Full Text

Page 8 of 13


http://www.ncbi.nlm.nih.gov/pubmed/26983667
http://dx.doi.org/10.1177/1538574416628654
http://www.ncbi.nlm.nih.gov/pubmed/9142060
http://dx.doi.org/10.1016/S0140-6736(96)07493-4
http://www.ncbi.nlm.nih.gov/pubmed/2642759
http://dx.doi.org/10.1161/01.CIR.79.1.8
http://www.ncbi.nlm.nih.gov/pubmed/11315831
http://dx.doi.org/10.2337/diacare.24.4.683
http://www.ncbi.nlm.nih.gov/pubmed/15181030
http://dx.doi.org/10.1210/jc.2004-0432
http://www.ncbi.nlm.nih.gov/pubmed/15797662
http://dx.doi.org/10.1016/j.amjhyper.2004.10.017
http://www.ncbi.nlm.nih.gov/pubmed/11225709
http://dx.doi.org/10.1038/oby.2000.79
http://www.ncbi.nlm.nih.gov/pubmed/23823891
http://dx.doi.org/10.17269/cjph.104.3783
http://dx.doi.org/10.3906/sag-0911-430
http://www.ncbi.nlm.nih.gov/pubmed/22836069
http://dx.doi.org/10.1016/j.jacl.2012.05.002
http://www.ncbi.nlm.nih.gov/pubmed/22363921
http://dx.doi.org/10.4093/dmj.2012.36.1.43
http://www.ncbi.nlm.nih.gov/pmc/articles/3283826
http://www.ncbi.nlm.nih.gov/pubmed/14569370
http://dx.doi.org/10.1590/S0066-782X2003001100005
http://www.ncbi.nlm.nih.gov/pubmed/20585729
http://dx.doi.org/10.1590/S0036-36342010000700008

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chiqui RA, Bermudez V, Afez R, et al.: Prevalencia de dislipidemia y factores
asociados en la ciudad de Cuenca, Ecuador. Sindrome Cardiometabdlico. 2014;
4(2): 31-41.

Reference Source

Vinueza R, Boissonnet CP, Acevedo M, et al.: Dyslipidemia in seven Latin
American cities: CARMELA study. Prev Med. 2010; 50(3): 106—11.

PubMed Abstract | Publisher Full Text

Linares S, Bermudez V, Rojas J, et al.: Prevalencia de dislipidemias y factores
psicobiolégicos asociados en individuos adultos del municipio Maracaibo,
Venezuela. Sindrome Cardiometabdlico. [Internet]. 2015; 3(3): 63-75.
Reference Source

Bermudez V, Salazar J, Rojas J, et al.: Prevalence, Lipid Abnormalities
Combinations and Risk Factors Associated with Low HDL-C Levels in
Maracaibo City, Venezuela. J J Commun Med. 2015; 1(2): 9.

Reference Source

Miller M: Dyslipidemia and cardiovascular risk: the importance of early
prevention. QJM. 2009; 102(9): 657-667.
PubMed Abstract | Publisher Full Text | Free Full Text

Lusis AJ, Rotter JI, Sparkes RS, et al.: Molecular Genetics of Coronary Artery
Disease: Candidate Genes and Processes in Atherosclerosis. Monogr Hum
Genet. Karger, 1992; 14: |-XVII.

Publisher Full Text

Genest JJ Jr, Martin-Munley SS, McNamara JR, et al.: Familial lipoprotein
disorders in patients with premature coronary artery disease. Circulation. 1992;
85(6): 2025-2033.

PubMed Abstract | Publisher Full Text

Aulchenko YS, Ripatti S, Lindqvist |, et al.: Loci influencing lipid levels and
coronary heart disease risk in 16 European population cohorts. Nat Genet.
2009; 41(1): 47-55.

PubMed Abstract | Publisher Full Text | Free Full Text

Nordestgaard BG, Chapman MJ, Humphries SE, et al.: Familial
hypercholesterolaemia is underdiagnosed and undertreated in the general
population: guidance for clinicians to prevent coronary heart disease:
consensus statement of the European Atherosclerosis Society. Eur Heart J.
2013; 34(45): 3478-90a.

PubMed Abstract | Publisher Full Text | Free Full Text

Boekholdt SM, Sacks FM, Jukema JW, et al.: Cholesteryl ester transfer protein
TaqIB variant, high-density lipoprotein cholesterol levels, cardiovascular risk,
and efficacy of pravastatin treatment: individual patient meta-analysis of
13,677 subjects. Circulation. 2005; 111(3): 278-87.

PubMed Abstract | Publisher Full Text

lkewaki K, Matsunaga A, Han H, et al.: A novel two nucleotide deletion in the
apolipoprotein A-1 gene, apoA-I Shinbashi, associated with high density
lipoprotein deficiency, corneal opacities, planar xanthomas, and premature
coronary artery disease. Atherosclerosis. 2004; 172(1): 39—45.

PubMed Abstract | Publisher Full Text

Paulweber B, Friedl W, Krempler F, et al.: Genetic variation in the apolipoprotein
AI-ClIl-AlV gene cluster and coronary heart disease. Atherosclerosis. 1988;
73(2-3): 125-133.

PubMed Abstract | Publisher Full Text

Holleboom AG, Daniil G, Fu X, et al.: Lipid oxidation in carriers of lecithin:
cholesterol acyltransferase gene mutations. Arterioscler Thromb Vasc Biol. 2012;
32(12): 3066-75.

PubMed Abstract | Publisher Full Text | Free Full Text

Funke H, von Eckardstein A, Pritchard PH, et al.: Genetic and phenotypic
heterogeneity in familial lecithin: cholesterol acyltransferase (LCAT)
deficiency. Six newly identified defective alleles further contribute to the
structural heterogeneity in this disease. J Clin Invest. 1993; 91(2): 677-83.
PubMed Abstract | Publisher Full Text | Free Full Text

de Grooth GJ, Klerkx AH, Stroes ES, et al.: A review of CETP and its relation to
atherosclerosis. J Lipid Res. 2004; 45(11): 1967-74.

PubMed Abstract | Publisher Full Text

Saeedi R, Li M, Frohlich J: A review on lecithin:cholesterol acyltransferase
deficiency. Clin Biochem. 2015; 48(7-8): 472-5.

PubMed Abstract | Publisher Full Text

Levinson SS, Wagner SG: Implications of reverse cholesterol transport: recent
studies. Clin Chim Acta. 2015; 439(Supplement C): 154—61.
PubMed Abstract | Publisher Full Text

Brown MS, Goldstein JL: A receptor-mediated pathway for cholesterol
homeostasis. Science. 1986; 232(4746): 34-47.
PubMed Abstract | Publisher Full Text

Hobbs HH, Brown MS, Goldstein JL: Molecular genetics of the LDL receptor
gene in familial hypercholesterolemia. Hum Mutat. 1992; 1(6): 445-66.
PubMed Abstract | Publisher Full Text

Soria LF, Ludwig EH, Clarke HR, et al.: Association between a specific
apolipoprotein B mutation and familial defective apolipoprotein B-100. Proc
Natl Acad Sci U S A. 1989; 86(2): 587-91.

PubMed Abstract | Publisher Full Text | Free Full Text

Fouchier SW, Defesche JC, Kastelein JJ, et al.: Familial defective apolipoprotein
B versus familial hypercholesterolemia: an assessment of risk. Semin Vasc
Med. 2004; 4(3): 259-64.

PubMed Abstract | Publisher Full Text

Gaffney D, Reid JM, Cameron LM, et al.: Independent mutations at codon 3500
of the apolipoprotein B gene are associated with hyperlipidemia. Arterioscler

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

F1000Research 2018, 6:2073 Last updated: 01 OCT 2018

Thromb Vasc Biol. 1995; 15(8): 1025-9.
PubMed Abstract | Publisher Full Text

Mahley RW, Innerarity TL, Rall SC Jr, et al.: Plasma lipoproteins: apolipoprotein
structure and function. J Lipid Res. 1984; 25(12): 1277-1294.
PubMed Abstract

Mahley RW, Huang Y, Rall SC Jr: Pathogenesis of type Il hyperlipoproteinemia
(dysk lipoproteinemia): qu ions, quandaries, and paradoxes. J Lipid Res.
1999; 40(11): 1933-1949.

PubMed Abstract

Kypreos KE, Li X, van Dijk KW, et al.: Molecular mechanisms of type il
hyperlipoproteinemia: The contribution of the carboxy-terminal domain of
ApoE can account for the dyslipidemia that is associated with the E2/E2
phenotype. Biochemistry. 2003; 42(33): 9841-9853.

PubMed Abstract | Publisher Full Text

Zannis VI, Breslow JL, Utermann G, et al.: Proposed nomenclature of apoE
isoproteins, apoE genotypes, and phenotypes. J Lipid Res. 1982; 23(6): 911-914.
PubMed Abstract

Hixson JE, Vernier DT: Restriction isotyping of human apolipoprotein E by
gene amplification and cleavage with Hhal. J Lipid Res. 1990; 31(3): 545-548.
PubMed Abstract

Arraiz N, Bermudez V, Prieto C, et al.: Association between apoliprotein E gene
polymorphism and hypercholesterolemic phenotype in Maracaibo, Zulia state,
Venezuela. Am J Ther. 2010; 17(3): 330-336.

PubMed Abstract | Publisher Full Text

Eichner JE, Dunn ST, Perveen G, et al.: Apolipoprotein E polymorphism and
cardiovascular disease: a HUGE review. Am J Epidemiol. 2002; 155(6): 487—-495.
PubMed Abstract | Publisher Full Text

Schmidt K, Noureen A, Kronenberg F, et al.: Structure, function, and genetics of
lipoprotein (a). J Lipid Res. 2016; 57(8): 1339-1359.

PubMed Abstract | Publisher Full Text | Free Full Text

Bucci M, Tana C, Giamberardino MA, et al.: Lp (a) and cardiovascular risk:
Investigating the hidden side of the moon. Nutr Metab Cardiovasc Dis. 2016;
26(11): 980-986.

PubMed Abstract | Publisher Full Text

Bermudez V, Arraiz N, Cano C, et al.: Lipoprotein (a): molecular and
epidemiologic basis about its role in cardiovascular diseases. Revista
Latinoamericana de Hipertension. 2008; 3(4): 113—-122.

Reference Source

Bermudez V, Arraiz N, Rojas E, et al.: Abnormally high lipoprotein (a) levels

in african-american communities from venezuela faced to other african-
descending populations: are ethnic origins related? Revista Latinoamericana de
Hipertension. 2008; 3(3): 66-72.

Reference Source

Parson W, Kraft HG, Niederstatter H, et al.: A common nonsense mutation in
the repetitive Kringle IV-2 domain of human apolipoprotein (a) results in a
truncated protein and low plasma Lp (a). Hum Mutat. 2004; 24(6): 474—480.
PubMed Abstract | Publisher Full Text

Verma P, Verma DK, Sethi R, et al.: The rs2070895 (-250G/A) Single Nucleotide
Polymorphism in Hepatic Lipase (HL) Gene and the Risk of Coronary Artery
Disease in North Indian Population: A Case-Control Study. J Clin Diagn Res.
2016; 10(8): GCO1-06.

PubMed Abstract | Publisher Full Text | Free Full Text

Eller P, Schgoer W, Mueller T, et al.: Hepatic lipase polymorphism and increased
risk of peripheral arterial disease. J Intern Med. 2005; 258(4): 344-8.

PubMed Abstract | Publisher Full Text

Stroes E, Moulin P, Parhofer KG, et al.: Diagnostic algorithm for familial
chylomicronemia syndrome. Atheroscler Suppl. 2017; 23(Supplement C): 1-7.
PubMed Abstract | Publisher Full Text

Clee SM, Loubser O, Collins J, et al.: The LPL S447X cSNP is associated with
decreased blood pressure and plasma triglycerides, and reduced risk of
coronary artery disease. Clin Genet. 2001; 60(4): 293—-300.

PubMed Abstract | Publisher Full Text

Baggio G, Manzato E, Gabelli C, et al.: Apolipoprotein C-Il deficiency syndrome.
Clinical features, lipoprotein characterization, lipase activity, and correction of
hypertriglyceridemia after apolipoprotein C-ll administration in two affected
patients. J Clin Invest. 1986; 77(2): 520-527.

PubMed Abstract | Publisher Full Text | Free Full Text

Oka K, Tkalcevic GT, Nakano T, et al.: Structure and polymorphic map of human
lipoprotein lipase gene. Biochim Biophys Acta. 1990; 1049(1): 21-6.

PubMed Abstract | Publisher Full Text

Deeb SS, Peng RL: Structure of the human lipoprotein lipase gene.
Biochemistry. 1989; 28(10): 4131-5.

PubMed Abstract | Publisher Full Text

Eckel RH: Lipoprotein lipase. A multifunctional enzyme relevant to common
metabolic diseases. N Engl J Med. 1989; 320(16): 1060-8.

PubMed Abstract | Publisher Full Text

Wang H, Eckel RH: Lipoprotein lipase: from gene to obesity. Am J Physiol
Endocrinol Metab. 2009; 297(2): E271-288.

PubMed Abstract | Publisher Full Text

Fernandez-Borja M, Bellido D, Vilella E, et al.: Lipoprotein lipase-mediated
uptake of lipoprotein in human fibroblasts: evidence for an LDL receptor-
independent internalization pathway. J Lipid Res. 1996; 37(3): 464—-81.
PubMed Abstract

Daoud MS, Ataya FS, Fouad D, et al.: Associations of three lipoprotein lipase

Page 9 of 13


http://132.248.9.34/hevila/Sindromecardiometabolico/2014/vol4/no2/1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20034514
http://dx.doi.org/10.1016/j.ypmed.2009.12.011
http://saber.ucv.ve/ojs/index.php/rev_sc/article/view/9507/9304
https://www.researchgate.net/profile/Maria_Martinez46/publication/283494505_Prevalence_Lipid_Abnormalities_Combinations_and_Risk_Factors_Associated_with_Low_HDL-C_Levels_in_Maracaibo_City_Venezuela/links/563ab5a708ae405111a59063/Prevalence-Lipid-Abnormalities-Combinations-and-Risk-Factors-Associated-with-Low-HDL-C-Levels-in-Maracaibo-City-Venezuela.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19498039
http://dx.doi.org/10.1093/qjmed/hcp065
http://www.ncbi.nlm.nih.gov/pmc/articles/2729130
http://dx.doi.org/10.1159/000421506
http://www.ncbi.nlm.nih.gov/pubmed/1534286
http://dx.doi.org/10.1161/01.CIR.85.6.2025
http://www.ncbi.nlm.nih.gov/pubmed/19060911
http://dx.doi.org/10.1038/ng.269
http://www.ncbi.nlm.nih.gov/pmc/articles/2687074
http://www.ncbi.nlm.nih.gov/pubmed/23956253
http://dx.doi.org/10.1093/eurheartj/eht273
http://www.ncbi.nlm.nih.gov/pmc/articles/3844152
http://www.ncbi.nlm.nih.gov/pubmed/15655129
http://dx.doi.org/10.1161/01.CIR.0000153341.46271.40
http://www.ncbi.nlm.nih.gov/pubmed/14709355
http://dx.doi.org/10.1016/j.atherosclerosis.2003.09.024
http://www.ncbi.nlm.nih.gov/pubmed/2903749
http://dx.doi.org/10.1016/0021-9150(88)90033-0
http://www.ncbi.nlm.nih.gov/pubmed/23023370
http://dx.doi.org/10.1161/ATVBAHA.112.255711
http://www.ncbi.nlm.nih.gov/pmc/articles/3610418
http://www.ncbi.nlm.nih.gov/pubmed/8432868
http://dx.doi.org/10.1172/JCI116248
http://www.ncbi.nlm.nih.gov/pmc/articles/288009
http://www.ncbi.nlm.nih.gov/pubmed/15342674
http://dx.doi.org/10.1194/jlr.R400007-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/25172171
http://dx.doi.org/10.1016/j.clinbiochem.2014.08.014
http://www.ncbi.nlm.nih.gov/pubmed/25451949
http://dx.doi.org/10.1016/j.cca.2014.10.018
http://www.ncbi.nlm.nih.gov/pubmed/3513311
http://dx.doi.org/10.1126/science.3513311
http://www.ncbi.nlm.nih.gov/pubmed/1301956
http://dx.doi.org/10.1002/humu.1380010602
http://www.ncbi.nlm.nih.gov/pubmed/2563166
http://dx.doi.org/10.1073/pnas.86.2.587
http://www.ncbi.nlm.nih.gov/pmc/articles/286517
http://www.ncbi.nlm.nih.gov/pubmed/15630635
http://dx.doi.org/10.1055/s-2004-861493
http://www.ncbi.nlm.nih.gov/pubmed/7627691
http://dx.doi.org/10.1161/01.ATV.15.8.1025
http://www.ncbi.nlm.nih.gov/pubmed/6099394
http://www.ncbi.nlm.nih.gov/pubmed/10552997
http://www.ncbi.nlm.nih.gov/pubmed/12924933
http://dx.doi.org/10.1021/bi0271796
http://www.ncbi.nlm.nih.gov/pubmed/7130859
http://www.ncbi.nlm.nih.gov/pubmed/2341813
http://www.ncbi.nlm.nih.gov/pubmed/20019593
http://dx.doi.org/10.1097/MJT.0b013e3181c1235d
http://www.ncbi.nlm.nih.gov/pubmed/11882522
http://dx.doi.org/10.1093/aje/155.6.487
http://www.ncbi.nlm.nih.gov/pubmed/27074913
http://dx.doi.org/10.1194/jlr.R067314
http://www.ncbi.nlm.nih.gov/pmc/articles/4959873
http://www.ncbi.nlm.nih.gov/pubmed/27514608
http://dx.doi.org/10.1016/j.numecd.2016.07.004
http://www.redalyc.org/articulo.oa?id=170217040003
https://www.researchgate.net/profile/Valmore_Bermudez/publication/233967163_Abnormally_high_lipoproteina_levels_in_African-American_communities_from_venezuela_faced_to_other_african-descending_populations_Are_ethnic_origins_related/links/09e4150d79eeb3c113000000/Abnormally-high-lipoproteina-levels-in-African-American-communities-from-venezuela-faced-to-other-african-descending-populations-Are-ethnic-origins-related.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15523644
http://dx.doi.org/10.1002/humu.20101
http://www.ncbi.nlm.nih.gov/pubmed/27656463
http://dx.doi.org/10.7860/JCDR/2016/20496.8378
http://www.ncbi.nlm.nih.gov/pmc/articles/5028592
http://www.ncbi.nlm.nih.gov/pubmed/16164573
http://dx.doi.org/10.1111/j.1365-2796.2005.01549.x
http://www.ncbi.nlm.nih.gov/pubmed/27998715
http://dx.doi.org/10.1016/j.atherosclerosissup.2016.10.002
http://www.ncbi.nlm.nih.gov/pubmed/11683775
http://dx.doi.org/10.1034/j.1399-0004.2001.600407.x
http://www.ncbi.nlm.nih.gov/pubmed/3944267
http://dx.doi.org/10.1172/JCI112332
http://www.ncbi.nlm.nih.gov/pmc/articles/423374
http://www.ncbi.nlm.nih.gov/pubmed/1972631
http://dx.doi.org/10.1016/0167-4781(90)90079-H
http://www.ncbi.nlm.nih.gov/pubmed/2765475
http://dx.doi.org/10.1021/bi00436a001
http://www.ncbi.nlm.nih.gov/pubmed/2648155
http://dx.doi.org/10.1056/NEJM198904203201607
http://www.ncbi.nlm.nih.gov/pubmed/19318514
http://dx.doi.org/10.1152/ajpendo.90920.2008
http://www.ncbi.nlm.nih.gov/pubmed/8728311

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

gene polymorphisms, lipid profiles and coronary artery disease. Biomed Rep.
2013; 1(4): 573-82.

PubMed Abstract | Publisher Full Text | Free Full Text

Gerdes C, Gerdes LU, Hansen PS, et al.: Polymorphisms in the lipoprotein
lipase gene and their associations with plasma lipid concentrations in 40-year-
old Danish men. Circulation. 1995; 92(7): 1765-9.

PubMed Abstract | Publisher Full Text

Heizmann C, Kirchgessner T, Kwiterovich PO, et al.: DNA polymorphism
haplotypes of the human lipoprotein lipase gene: possible association with
high density lipoprotein levels. Hum Genet. 1991; 86(6): 578—84.

PubMed Abstract | Publisher Full Text

Petrescu-Danila E, Voicu PM, lonescu CR: [Mutagenic aspects of the lipoprotein
lipase gene]. Rev Med Chir Soc Med Nat lasi. 2006; 110(1): 173-7.

PubMed Abstract

Groenemeijer BE, Hallman MD, Reymer PW, et al.: Genetic variant showing a
positive interaction with beta-blocking agents with a beneficial influence on
lipoprotein lipase activity, HDL cholesterol, and triglyceride levels in coronary
artery disease patients. The Ser*’-stop substitution in the lipoprotein lipase
gene. REGRESS Study Group. Circulation. 1997; 95(12): 2628—2635.

PubMed Abstract | Publisher Full Text

Cagatay P, Susleyici-Duman B, Ciftci C: Lipoprotein lipase gene Pvull
polymorphism serum lipids and risk for coronary artery disease: meta-
analysis. Dis Markers. 2007; 23(3): 161-6.

PubMed Abstract | Publisher Full Text | Free Full Text

Sayad A, Noruzinia M, Zamani M, et al.: Lipoprotein Lipase Hindlll Intronic
Polymorphism in a Subset of Iranian Patients with Late-Onset Alzheimer’s
Disease. Cell J. 2012; 14(1): 67-72.

PubMed Abstract | Free Full Text

Tanguturi PR, Pullareddy B, Krishna BR, et al.: Lipoprotein lipase gene Hindlll
polymorphism and risk of myocardial infarction in South Indian population.
Indian Heart J. 2013; 65(6): 653-657.

PubMed Abstract | Publisher Full Text | Free Full Text

Georges JL, Régis-Bailly A, Salah D, et al.: Family study of lipoprotein lipase
gene polymorphisms and plasma triglyceride levels. Genet Epidemiol. 1996;
13(2): 179-92.

PubMed Abstract | Publisher Full Text

Mattu RK, Needham EW, Morgan R, et al.: DNA variants at the LPL gene locus
associate with angiographically defined severity of atherosclerosis and serum
lipoprotein levels in a Welsh population. Arterioscler Thromb. 1994; 14(7): 1090-7.
PubMed Abstract | Publisher Full Text

Rios DL, Vargas AF, Ewald GM, et al.. Common variants in the lipoprotein lipase
gene in Brazil: association with lipids and angiographically assessed coronary
atherosclerosis. Clin Chem Lab Med. 2003; 41(10): 1351-6.

PubMed Abstract | Publisher Full Text

Larson |, Hoffmann MM, Ordovas JM, et al.: The lipoprotein lipase Hindlll

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

F1000Research 2018, 6:2073 Last updated: 01 OCT 2018

polymorphism: association with total cholesterol and LDL-cholesterol, but
not with HDL and triglycerides in 342 females. Clin Chem. 1999; 45(7): 963-8.
PubMed Abstract

Razzaghi H, Aston CE, Hamman RF, et al.: Genetic screening of the lipoprotein
lipase gene for mutations associated with high triglyceride/low HDL-
cholesterol levels. Hum Genet. 2000; 107(3): 257-67.

PubMed Abstract | Publisher Full Text

Holmer SR, Hengstenberg C, Mayer B, et al.: Lipoprotein lipase gene
polymorphism, cholesterol subfractions and myocardial infarction in large
samples of the general population. Cardiovasc Res. 2000; 47(4): 806—12.
PubMed Abstract | Publisher Full Text

Hemimi N, Salam ME, Abd-Elwahab M: The Lipoprotein Lipase Hindlll
Polymorphism And The Susceptibility To Hypertension. Egypt J Biochem Mol
Biol. 2009; 27(1).

Publisher Full Text

Goodarzi MO, Guo X, Taylor KD, et al.: Lipoprotein lipase is a gene for insulin
resistance in Mexican Americans. Diabetes. 2004; 53(1): 214-20.

PubMed Abstract | Publisher Full Text

Mead JR, Cryer A, Ramiji DP: Lipoprotein lipase, a key role in atherosclerosis?
FEBS Lett. 1999; 462(1-2): 1-6.

PubMed Abstract | Publisher Full Text

McFarlane SI, Banerji M, Sowers JR: Insulin resistance and cardiovascular
disease. J Clin Endocrinol Metab. 2001; 86(2): 713-8.

PubMed Abstract | Publisher Full Text

Mufoz-Barrios S, Guzman-Guzman IP, Mufoz-Valle JF, et al.: Association of the
Hindlll and S447X polymorphisms in LPL gene with hypertension and type 2
diabetes in Mexican families. Dis Markers. 2012; 33(6): 313-20.

PubMed Abstract | Publisher Full Text | Free Full Text

Malygina NA, Melent'ev AS, Kostomarova IV, et al.: [Connection of HindllI-
polymorphism in the lipoprotein lipase gene with myocardial infarct and life
span in elderly ischemic heart disease patients]. Mo/ Biol (Mosk). 2001; 35(5):
787-91.

PubMed Abstract

Imeni M, Hasanzad M, Naiji T, et al.: Analysis of the association Hind Il
Polymorphism of Lipoprotein Lipase gene on the risk of coronary artery
disease. Res Mol Med. 2013; 1(3): 19-24.

Publisher Full Text

Shimo-Nakanishi Y, Urabe T, Hattori N, et al.: Polymorphism of the lipoprotein
lipase gene and risk of atherothrombotic cerebral infarction in the Japanese.
Stroke. 2001; 32(7): 1481-6.

PubMed Abstract | Publisher Full Text

He T, Wang J, Deng WS, et al.: Association between Lipoprotein Lipase
Polymorphism and the Risk of Stroke: A Meta-analysis. J Stroke Cerebrovasc
Dis. 2017; 26(11): 2570-2578.

PubMed Abstract | Publisher Full Text

Page 10 of 13


http://www.ncbi.nlm.nih.gov/pubmed/24648989
http://dx.doi.org/10.3892/br.2013.126
http://www.ncbi.nlm.nih.gov/pmc/articles/3917734
http://www.ncbi.nlm.nih.gov/pubmed/7671359
http://dx.doi.org/10.1161/01.CIR.92.7.1765
http://www.ncbi.nlm.nih.gov/pubmed/1673959
http://dx.doi.org/10.1007/BF00201544
http://www.ncbi.nlm.nih.gov/pubmed/19292100
http://www.ncbi.nlm.nih.gov/pubmed/9193431
http://dx.doi.org/10.1161/01.CIR.95.12.2628
http://www.ncbi.nlm.nih.gov/pubmed/17473385
http://dx.doi.org/10.1155/2007/863712
http://www.ncbi.nlm.nih.gov/pmc/articles/3851052
http://www.ncbi.nlm.nih.gov/pubmed/23626940
http://www.ncbi.nlm.nih.gov/pmc/articles/3635823
http://www.ncbi.nlm.nih.gov/pubmed/24407533
http://dx.doi.org/10.1016/j.ihj.2013.10.004
http://www.ncbi.nlm.nih.gov/pmc/articles/3905261
http://www.ncbi.nlm.nih.gov/pubmed/8722745
http://dx.doi.org/10.1002/(SICI)1098-2272(1996)13:2<179::AID-GEPI4>3.0.CO;2-3
http://www.ncbi.nlm.nih.gov/pubmed/7912549
http://dx.doi.org/10.1161/01.ATV.14.7.1090
http://www.ncbi.nlm.nih.gov/pubmed/14580165
http://dx.doi.org/10.1515/CCLM.2003.207
http://www.ncbi.nlm.nih.gov/pubmed/10388470
http://www.ncbi.nlm.nih.gov/pubmed/11071388
http://dx.doi.org/10.1007/s004390000367
http://www.ncbi.nlm.nih.gov/pubmed/10974229
http://dx.doi.org/10.1016/S0008-6363(00)00131-0
http://dx.doi.org/10.4314/ejbmb.v27i1.43194
http://www.ncbi.nlm.nih.gov/pubmed/14693718
http://dx.doi.org/10.2337/diabetes.53.1.214
http://www.ncbi.nlm.nih.gov/pubmed/10580081
http://dx.doi.org/10.1016/S0014-5793(99)01495-7
http://www.ncbi.nlm.nih.gov/pubmed/11158035
http://dx.doi.org/10.1210/jcem.86.2.7202
http://www.ncbi.nlm.nih.gov/pubmed/23089926
http://dx.doi.org/10.3233/DMA-2012-00940
http://www.ncbi.nlm.nih.gov/pmc/articles/3810718
http://www.ncbi.nlm.nih.gov/pubmed/11605530
http://dx.doi.org/10.18869/acadpub.rmm.1.3.19
http://www.ncbi.nlm.nih.gov/pubmed/11441189
http://dx.doi.org/10.1161/01.STR.32.7.1481
http://www.ncbi.nlm.nih.gov/pubmed/28687421
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.003

FIOOOResearch F1000Research 2018, 6:2073 Last updated: 01 OCT 2018

Open Peer Review

Current Referee Status: v v

Referee Report 01 October 2018

doi:10.5256/f1000research.17787.r38893

v

Carlos Aguilar-Salinas

Instituto Nacional de Ciencias Médicas y Nutricion, Unidad de Investigacion de Enfermedades
Metabdlicas, México City, Mexico

No additional comments.
Competing Interests: No competing interests were disclosed.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Referee Report 05 March 2018

doi:10.5256/f1000research.14029.r31173

?

Carlos Aguilar-Salinas
Instituto Nacional de Ciencias Médicas y Nutricion, Unidad de Investigacion de Enfermedades
Metabolicas, México City, Mexico

Authors of the paper "Dyslipidemia: Genetics, lipoprotein lipase and Hindlll polymorphism” summarizes
several papers published by Latin American researchers about lipid disorders. The document highlight
the need for more studies about genetics of dyslipidemia in this region.

The main limitations of the study are:
® The paper covers a large number of topics. As a result, information is presented without a critical
analyses. Since the Hindlll polymorphism is the main issue under review, a large proportion of the
review could be summarized and the Hindlll polymorphism data extended. For example, the genes
involved in familial hypoalphalipoproteinemia are enlisted partially (i.e. ABCA1 was not
mentioned). It is not clear the reason to devote several paragrapjs for FH genes when they are not
related with the main topic of this review.
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® Reasons for the large differences in the prevalence of the lipid disorders between Latin-American
surveys could be critically discussed.

® The style of the manuscript could be upgraded. The flow of the information should be improved.
® |tis kindly suggested to consider a redesign of the structure of the document.

Is the topic of the review discussed comprehensively in the context of the current literature?
Partly

Are all factual statements correct and adequately supported by citations?
Partly

Is the review written in accessible language?
Partly

Are the conclusions drawn appropriate in the context of the current research literature?
Partly

Competing Interests: No competing interests were disclosed.

| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.
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UK

This review deals with the following genes involved in lipid metabolism: CETP, LCAT, LDL receptor,
apoE, Lp(a), hepatic lipase and lipoprotein lipase. However it misses out details of the apoC3 gene which
is the only one in which a specific therapy (volanesorsen) has been developed. A review of this can be
found in Galton (2017)".

The authors then go on to deal with the Hind 111 polymorphism of Lipoprotein lipase. A common Hindlll
polymorphism in intron 8 (T/G) of the LPL gene has been found to be associated with altered plasma TG
and HDL-cholesterol, and CAD risk in several studies, but they do not comment on its functional
significance.

It is known that certain intronic sequence contain regulatory elements that are important for transcription
and translational regulation of a gene. A recent study (Chen et al. (2008)<) showed that this Hind 111
polymorphism affects the binding site of a transcription factor that regulates the transcription of LPL gene.
Electrophoretic mobility shift assays revealed that the Hindlll site binds to a transcription factor and that
the mutant allele has lower binding affinity than the wild type allele. Transcription assays containing the
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entire intron 8 sequence along with full-length human LPL promoter were carried out in COS-1 and human
vascular smooth muscle cells. The mutant allele was associated with significantly decreased luciferase
expression level compared to the wild type allele in both the muscle (3.394 + 0.022 vs. 4.184 + 0.028;
P=4.7 x 1076) and COS-1 (11.603 + 0.409 vs. 14.373 + 1.096; P<0.0001) cells. This study demonstrates

for the first time that the polymorphic Hindlll site in the LPL gene is functional because it affects the
binding of a transcription factor and it also has an impact on LPL expression.
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