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ABSTRACT KEYWORDS
Background: Niemann-Pick C1-Like 1 protein is a newly identified sterol Niemann-Pick C1-Likel
influx transporter actively involved in the cholesterol homeostasis path- protein,
way. Nonsynonymus Single Nucleotide Polymorphism rs1468384 (G—A Nonsynonymus single
transition) shows decrease in the stability of the protein as analysed in nucl eotide polymorphism;
silico by MuPro software. Related data on all€elic frequency and the effect Polymerase chain reaction-
of this polymorphism on the serum cholesterol levels in Nepalese popul a restriction fragment length
tion are not available. This study aims to detect rs1468384 in Nepalese polymorphism.

population using the Polymerase Chain Reaction — Restriction Fragment
Length Polymorphism technique, determine the allelic frequency of this
polymorphism and to correlate it with the serum cholesterol level. M ateri-
als and Methods: A total number of 74 healthy human subjects were ran-
domly selected within Kathmandu valley. DNA was isolated from blood
leukocytes. Polymerase Chain Reaction — Restriction Fragment Length
Polymorphism technique was used to identify the genotypes. Lipid profile
analysis was performed using cholesterol oxidase peroxidae (CHOD-PAP)
method (systemic reagent of Humastar 600, Human, Germany). Results:
Genotype distribution was in accordance with Hardy-Weinberg Equilib-
rium (X2=2.0233, df=1). ‘G’ allele frequency (p=0.8581) was higher than the
mutated ‘A’ allele (g=0.1419) in Nepalese population. Genotype frequency
distribution among Gender was not statistically significant (p value =0.427).
Statistically significant differences in Total Cholesterol Level and LDL
Cholesterol Level between genotypes were observed (Total Cholesterol
Level “Genotype GG” 160.7 + 30.3 mg/dl; “Genotype AG” 145.1 £22.5 mg/
dl, p value =0.019 and LDL Cholesterol Level “Genotype GG” 99.9 + 28.6
mg/dl; “Genotype AG” 84.7 £ 19.3 mg/dl, p value =0.011). Conclusion:
Relatively higher prevalence of rs1468384 polymorphism among Nepalese
population was found in this study. The study showed a strong associa-
tion between this polymorphism and the serum cholesterol levels.
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INTRODUCTION

Theidentification of ezetimibeasapotent sdective
inhibitor of intestinal cholesterol uptake and absorption
inanimasand humans confirmed that theintestina cho-
lesterol uptake processismediated by aspecifictrans
porter protein called as Niemann-Pick C1 like 1
(NPC1L1)™2, 1t is ahomolog of Niemann-Pick C1
(NPC1) protein whose mutations cause Niemann-Pick
diseasetype C134, The NPC1L 1 gene spans~29 kb
of human chromosome 7p13, containing 20 exonswith
anunusualy largeexon 2 of 1,526 bpand asmal exon
14 of 56 bp.'>8 Thefull-length cDNA encodesa 1,359
amino-acid protein. However, the predominant mMRNA
transcript skips exon 15 and produces a protein of
1,332 amino acidg®. The protein has been character-
ized by the presence of asignal peptide, 13 putative
transmembraneregions, aconserved NPC1 domainand
agterol sensing domain (SSD)® In humans, NPC1L 1
is highly expressed in the apical membrane of
enterocytes and the canali cular membrane of hepato-
cytes>19, Inthelumen of thesmall intestine, unesterified
freecholesterol (FC) from dietary intakeand biliary
secretionissolubilizedin mixed micellescontainingbile
acids (BA) and phospholipids (PL). FCisthentaken
upinto enterocytes by the apically localized NPC1L 1
protein®. Intheliver, cholesterol can be synthesized
locally or taken up by hepatocytesfrom circulating li-
poproteins. A largeamount of FCisconverted to bile
acidsfor hepatobiliary secretion. NPC1L 1 localized at
the apical membrane of hepatocytes counterbal ances
thefunction of ATP-binding cassette (ABC) transport-
ers G5 and G8 (ABCG5/ABCGS8) by transporting
newly secreted biliary cholesterol back into hepatocytes,
thereby preventing excessiveloss of endogenouscho-
lesterol™, Thusthisproteinisactively involvedinthe
cholesterol homeostasi s pathway.

Association of geneticvariationin NPC1L1 with
cholesterol absorption and low-density lipoprotein cho-
lesterol hasbeen studied anumber of times. Cohenand
colleagues*™ showed that variationin human NPC1L1
gene sequences contributesto reduced intestinal cho-
lesterol absorption efficienciesand LDL-C levels. Other
sequencevariantsareidentifiedinNPC1L1which are
al so associated with aterationsin sterol absorption,
plasmalLDL-Cleves, or responsesto ezetimibe> 14,
Nonsynonymus Single Nucleotide Polymorphism
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(nSSNIP) rs1468384 of Niemann-Pick C1-Like1 Gene
istheresult of anucleotide change G toA at position
2993 of the cDNA sequenceinexon 2, andit resultsin
the substitution of isoleucinefor methionineat amino
acid 510 of theNPC1L1 protein (also called M510I
polymorphism). Thispolymorphism showsdecreasein
thestability of theproteinasandysedinglicoby MuPro
and StructureSNP softwares*¥ Genotyping aswell as
the association of this SNPwith serum cholesterol lev-
el shasnot been performed in Nepal ese population till
date as per our knowledge.

In this study we have identified the nsSSNP
rs1468384 by Polymerase Chain Reaction— Restric-
tion Fragment Length Polymorphism (PCR-RFLP) tech-
niqueand determined thed lelic frequency of thispoly-
morphism in Nepa ese subj ects by genotype counting.
Giventhesgnificant role of theNPC1L 1 genein cho-
lesterol homeostasi s, our goa was a so been to exam-
Ine potential association of this SNPwith serum cho-
lesterol levelsin Nepalese popul ation.

MATERIALSAND METHODS

5ml of fasting venousblood werewithdrawn from
74 hedthy subjectswithintheagegroup of 20-60 years,
randomly sdected within Kaethmanduvaley withinformed
consent. The acceptance criteriawere normal blood
pressureand devoid of any clinically significant disor-
derswhilethergjection criteriawerediabetes, hyperc-
holesterolemia, a coholism, heavy smoking, recent sur-
gery and treatment with cholesterol reducingdrugs. The
collected wholeblood sampleswere centrifuged; serum
and cellsseparationsweredone. Theserum and cells
werestored at -20°C till further processing. Lipid pro-
fileanaysiswas donefrom separated serum by fully
automated chemistry andyzer (Humastar 600, Human)
a RazamMedicd CentrePvt. Ltd. Chabahil, Kethmandu,
Nepa whiletheremaining molecular analysiswere per-
formed at Department of Biotechnology, Collegefor
Professond Studies, Maitidevi, Kathmandu, Nepa.

DNA from blood cells was isolated with the
DNAsure® blood mini-kit from Genetix, India. Each
extracted DNA sampleswere electrophorised on 1%
agarose gel for an hour at 80-90 V on Tris Acetate
EDTA (TAE) buffer system. Gelswere stained with
ethidium bromide (EtBr) and the DNA bands were
observed under UV trans-illuminator. DNA extractions
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showing asingle prominent band were processed for
PCRamplification.

The PCR reaction was optimized for 200 ng of
DNA. The primer pair selected was according to
Praveen P Bdgir et d . precisdy amplifyingtheM 510l
specific Exon2 fragment of NPC1L 1 geneinthe DNA
sample. A 25uL. PCR mixture was optimized contain-
ing 1.5mM MgCL, (Fermentas), 0.4uM of each primer
(Eurofins), 200uM of each deoxynucleotidetriphos-
phate (Fermentas), 1.0 Unit of Tagq polymerase
(Genetix), and buffer concentration of 16mM
(NH,),SO,and 67 mM Tris- HC1, pH 8.8. Atwo step
PCR cycleswereoptimized, with first step withinitial
denaturation at 95°C for 5 minutes followed by 30
cyclesof denaturation at 95°C for 30 seconds, anneal-
ing a 61.5°C for 45 seconds and extension at 72°C
for 1 minute. Thisisfollowed by afina extension at
72°C for 5 minutes and a 4°C hold. Each PCR ampli-
fied productswere electrophorized on 2% agarose gel
along with 100 bp DNA ladder, run for 60 minutes at
80-90V on TAE buffer system, stained with EtBr and
observed under UV trans-illuminator. PCR products
showing asingle prominent band of 437bp were pro-
cessed for restriction digestion.

Five units of Bccl (New England Biolabs) was
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added to 10 uL of PCR product andincubated at 37°C
for 3 hoursfollowed by heat inactivation at 65°C for
20 minutes. Wholevolume(15ul) of restriction digested
products wereloaded for gel electrophoresison 3%
agarosegd aongwith 100 bp DNA ladder and runfor
60 minutesat 80-90V on TAE buffer system. Thegels
were stained with EtBr and the separated DNA bands
were observed under UV trans-illuminator.

Serum Total Cholesterol (TC), Serum Triglycer-
ides(TG) and High Density Lipoprotein (HDL) Cho-
lesterol were measured by using CHOD-PAPmethod.
Low Density Lipoprotein (LDL) Cholesterol wasesti-
mated using Friedewa d’s formula™.

Genotypedistribution and Alldlic frequency were
caculated usng PopGene. S'2(version 1.00) software.
All thestatistical analysisweredoneusing IBM SPSS
Statistics (version 19) software. All testsof statistical
significance weretwo sided with 95% confidencein-
tervals(Cl).

RESULTS

Among thetotal 74 subjectsunder study, 30 sub-
jectsweremaleswhile44 subjectswerefemaes. Their
mean age was 34.93 £+ 10.11 years (males : 34.93 £
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Figurel: Left - A2 % agarose gel stained with EtBr showing M 510l specific NPC1L1 PCR product of size 437 bp Right -A 3%
Agarose gel stained with EtBr showing the M5101 genotype (Lane M = DNA ladder, Lane NC= Negative Control, Lane 1-13 =
samples, GG-individual homozygous for the G allele with regard to the polymor phism rs1468384, AG- individual heterozygous
for the polymorphism, demonstrating the presence of both alleles)
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10.57 and females: 34.93 + 9.93 years).

After digestion of the437 bp fragment obtained by
PCR amplification, thethree possible genotypeswere
distinguishable: homozygousAA (437 bp), heterozygous
GA (437, 278 and 159 bp), and homozygous GG (278
and 159 bp).

TABLE 1 showsthedistribution of genotypes of
NSSNP rs1468384 within the study population.
Genotype count for homozygous GG all otypewasthe
highest while acompl ete absence of homozygousAA
allotype was found. Genotype distribution was in
accordance with Hardy-Weinberg Equilibrium
(X°=2.02, DF=1). Genotype frequency distribution
among Gender was not statistically significant as
analysed by Chi-squaretest (X?=0.62, DF=1, pvaue
=0.427). ‘G’ allele frequency (p=0.8581) was found
to be highin Nepa ese population compared to that of
‘A’ allele (q=0.1419).

Mean Serum Total Cholesterol, Serum HDL
Cholesterol, Serum Triglyceride and Serum LDL
Cholesterol for thetotal study populationwerefound
to be 156.36 + 29.11, 38.64 + 8.47, 110.24 + 51.89
and 95.66+ 27.12 mg/dl respectively. TABLE 2 shows
thedistribution of serum cholesterol levelswithin the
gender, nogatigtically Sgnificant differenceswerefound

TABLE 1: Genotype distribution of nsSSNP rs1468384 in
Nepalesepopulation

Allotypes AG GG AA
Band Pattern 437 - 437
278 278
159 159

Allotype Frequency
Male 7 23
Femae 14 30
Total Number of Samples 74

700

60.0 56.5

50.0 +

40.0

mGG
30.0 -

20.0 +

10.0

00

Vale
Figure 2 : Percentage distribution of genotype among gender

Femals

for individual parameters. Statisticaly significant
differencein Serum Total Cholesterol Level between
genotypeswas observed (mean difference = 15.60+
7.79 mg/dl) and difference also observed for the Serum
LDL Cholegsteral Leve (meandifference=15.25+9.29
mg/dl). TABLE 3 showsthegenotypic distribution of
Serum Cholegterol Levels.

TABLE 2: Distribution of serum cholesterol levels(mg/dl)
within gender

Gender Frequency Mean SD (Pt-\:;SLtje)
Serum Total  Male 30 155.86 24.71  0.89
Cholesterol  Female 44 156.70 32.04
SeumHDL Male 30 3770 938 044
Cholesterol  Female 44 39.29 7.83
Serum Male 30 107.56 37.41  0.69
Triglyceride Female 44 112.06 60.16
SeumLDL Mae 30 96.65 21.84 0.78
Cholesterol  Female 44 94.99 30.42

TABLE 3: Genotypedistribution of serum cholesterol levels
(mg/dl)

Genotype Frequency Mean SD (Ptvt:ISltJe)
Serum Total GG 53 160.79 30.38 0.019*
Cholesterol AG 21 14519 22,59
Serum HDL GG 53 3781 741 0.253
AG 21 40.76 10.61
GG 53 99.99 28.65 0.011*
Serum LDL
AG 21 84.74 19.36
Serum GG 53 114.92 5321 0.201
Triglycerides  AG 21 98.42 47.56
*Satistically significant Pvalue<0.05
DISCUSSION

Thepurposeof thisstudy wasto determinethedldic
frequency of NsSSNPrs1468384 at theNPC1L 1 gene
and to eval uate its associ ation with serum chol esterol
level sin Nepal ese popul ation of healthy subjects. The
adleefrequenciesobtained for the Nepal ese popul ation,
aswell asthose reported for other populationsin the
NCBIs SNP Database® and Praveen et al ., 200914
arepresented in TABLE 4. The ‘G’ allele in Indian
popul ation showed the least frequency of 0.46 and
Caucasian population sampled the maximum at 1.00.
For “A’ allele it was 0.54 in Indian population while ‘A’
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alelewasabsent in Caucasian samples. The ‘A’ allele
frequency in Nepal ese population was found to be
0.1419 which was second highest after Indian
population. Our findingswerein favor with Praveen et
al., 20094 indicating that nsSNP rs1468384
polymorphismiscommonin SouthAsian popul ations.

The NPC1L1 transporter has been shown to be
AL o gl erRLARRuRLen Adipthesteiine

Nepaleseand other populations

Total no. of

Sample G allele A allele
Chromosomes allele allele
group (2n) frequency % frequency %

African 78 099 99 001 1

American

Caucasian 80 1.00 100 0.00 0

Asian 60 1.00 100 0.00 0

Japanese 86 0.98 98 0.02 2

Indian 300 0.46 46 0.54 54

Nepalese

(present 148 0.85 85 0.14 14

study)

action of ezetimibe, acholesterol lowering agent that
inhibits cholesterol absorption>. In this study, we
documented that heterozygousdldecariersa M510I
at theNPC1L1locushad lower TCand LDL-Clevels
compared toitscommon dleehomozygous counterpart.
Againour findingswerein favor with Praveenet d .,
2009 ndi cating that thismutation hasanimplication
on the function of NPC1L1gene as cholesterol
transporter and may affect itsroleintheintesting uptake
of cholesteral. Itisimportant to notethat the design of
this study does not allow us to draw definitive
conclusionsabout the exact mechanismsthat may lead
to genotype-rel ated differencesin serum cholesterol
levels. However, thereareseverd plausibleexplanations
for our findings. The M510I polymorphismresultsin
the substitution of isoleucine for methionine at 510
aminoacid position of NPC1L1 protein. The presence
of isoleucinemay reducethe number of disulfidebonds
formed by methionine. Asdisulfidebondsplay rolein
the structure of protein by forming covalent linkages
within the molecule, this change may bring some
conformationa changeleadingto destabilization of the
protein as predicted by MuPro web server. StSNP
webserver based analysis showed that rs1468384
sequenceregionof NPC1L1 may dso act asamolecular
chaperonbinding siteand may play apotential rolein
thefolding of the protein. Thusachangeof aminoacid

= Regular Paper

inthisimportant protei n region may changethefolding
of protein. As the protein is actively involved in
cholesterol homeostasi s pathway, any disruptioninits
sructurewill influenceitsfunction of cellular uptakeof
cholesteral*¥, By inhibiting cholesterol absorption, less
cholesterol would ultimately be delivered to theliver.
This would also lead to an up-regulation of LDL
receptors and increased clearance of LDL thereby
lowering the serum LDL cholesterol concentration(®
Since high levelsof blood chol esterol are associated
with atherosclerotic coronary heart disease, by lowering
blood cholesterol levels, M510I polymorphism in
NPC1L 1 should have beneficia effectsonthisdisesse.
Astheinhibition of NPC1L1 or NPC1L 1-dependent
intestina cholesterol absorption hasbecomeapotentia
preventative and therapeuti c approach for metabolic
diseasessuch asnondcoholicfatty liver disesse, insulin
resistance, type 2 diabetes, and central obesity®”, a
natural variant of NPC1L1 owing to this nSSNP
rs1468384 associ ated with lowered blood chol esterol
levelsmay beaboon toindividuaspossessingit.
Thelimitationsof our study includethefact that our
cohort sizeissmall restricting generalization of our
findings. However, the reliability and biological
importance of thisassociation should motivatefurther
researchto verify and extend thesefindings.

CONCLUSION

The study of genotype frequency distribution for
the nsSNP rs1468384 and its association with serum
cholesterol levelsin Nepal ese population for thefirst
timewill definitely serve asamajor achievement in
understanding some complex disease states as
atherosclerosisresulting dueto any interruptioninthe
cholesterol pathway. In our study, weused PCR-RFLP
method to determinethegenotypefrequency distribution
whichwasreliable, rapid and cost-effective method.
The Genotype frequency was in accordance with
Hardy-Weinberg Equilibrium which suggested the
suitability of sample sizefor the genotypic assaysas
well asthe homogeneity of the concerned population.
This study showed that the frequency of ‘A’ allele
(9=0.1419) was higher in Nepalese population
compared to Caucasians and Orientals. Serum total
cholesterol and serum LDL cholesterol levels were
found to belower in subjects having minor allele of
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NsSNP rs1468384 NPC1L 1 suggesting that thisSNP
helpsinlowering blood lipid levelsin such subjects.
Further it can be concluded that subjects having this
SNPwill bebenefited by havinglow risk of lipid related
disorderssuch asatheroscleros s, hypertension, insulin
resistance, and obesity.
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