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Abstract 

Niemann-Pick C1-Like 1 (NPC1L1) is expressed in 

human liver, but its mechanism of action and how it is regulated 

in this tissue is not well-understood.  Herein, we decided to 

examine the effects of the inhibitor of NPC1L1, ezetimibe, in the 

presence and absence of a low cholesterol medium (MITO+ 

medium), on the expression of NPC1L1 in the human hepatocyte-

like C3A cell line.  It was demonstrated that ezetimibe and 

MITO+ medium were able to independently decrease NPC1L1 

protein expression while increased the mRNA expression of this 

transporter.  Treating with ezetimibe and MITO+ medium 

together additively decreased NPC1L1 protein levels, but their 

effects on NPC1L1 mRNA expression were counteracting.  

Cycloheximide studies showed that these treatments enhanced the 

stability of the NPC1L1 protein in an additive manner, supporting 

the possibility that the translation efficiency of the NPC1L1 

mRNA was decreased under these conditions or that the factors 

required to degrade the NPC1L1 transporter were inhibited by the 

presence of cycloheximide.  In addition, the data confirmed that 

growing the cells in flasks coated with poly-D-lysine (should 

induce polarization) was required for maximum expression levels 

of NPC1L1 protein but not for localization of this transporter to 

the apical membrane.  The information derived from this research 

is critical to our understanding of the role of hepatic NPC1L1 in 

removing cholesterol from the bile and in cholesterol homeostasis 

in general.   
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Introduction 

Hypercholesterolemia is associated with an enhanced 

risk of atherosclerosis leading to coronary heart diseases and 

stroke, two of the principal causes of death and disability in the 

United States [1-3].  The mortality due to atherosclerotic diseases 

increases when total serum cholesterol levels rise above 200 

mg/dl [1-3].  Plasma cholesterol levels are greatly depending on 

the rate of cholesterol absorption in the lumen of the small 

intestine [4-7].  It has been determined that about 50% of the total 

cholesterol that enters the intestine (2/3 from the bile and 1/3 

from the diet) is absorbed [4-7].  In fact, it has been shown that 

inhibiting intestinal cholesterol absorption using the drug 

ezetimibe is able to significantly reduce total and Low Density 

Lipoprotein (LDL) cholesterol levels in the serum of dyslipidemic 

patients [8-14].   

Several studies have shown that the molecular target for 

ezetimibe is the Niemann-Pick C1-like 1 (NPC1L1) transporter 

[8-14].  Inactivation or inhibition of intestinal NPC1L1 in mice 

results in significant decreases in intestinal sterol absorption and 

serum cholesterol levels, and prevents the development of 

atherosclerosis [15-19].  Thus far, several patients carrying rare 

NPC1L1 variants, that decrease intestinal cholesterol absorption, 

have lower LDL levels than non-carriers, further confirming the 

association between intestinal cholesterol absorption and plasma 
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cholesterol levels [19-21].  On the other hand, several single 

polymorphisms within the NPC1L1 gene have been identified as 

predictors of cardiovascular risk in coronary patients [22, 23].     

NPC1L1 is a membrane bound protein that is primarily 

expressed in the jejunum of the small intestine where the 

cholesterol is absorbed [24, 25].   Several studies have established 

that, in human and species such as monkeys, pigs, dogs, and rats, 

NPC1L1 is also expressed in the liver [6, 26, 27], the most 

important organ where most metabolic processes take place.  In 

hepatocytes, NPC1L1 has been implicated in reducing biliary 

cholesterol levels, and as a result, it enhances cholesterol levels in 

the blood [6, 27].  Due to its function in liver cells, NPC1L1 

appears to be involved in diseases such obesity, diabetes, 

nonalcoholic fatty liver disease, and gallstone formation [11, 28-

32].  It is currently believed that the main site of NPC1L1 

expression in liver cells is the canalicular/apical membrane [6, 17, 

24].      

Even though the findings mentioned above demonstrate 

that ezetimibe is able to decrease serum cholesterol levels, the 

clinical significance of treating for a long-term with ezetimibe 

was under controversy for a while.  Several clinical trials reported 

that ezetimibe does not clinically improve the incidence of major 

coronary events, and even made some risk factors, such as artery 

wall thickness, worse [33-35].  One possible explanation for the 

disappointing results was that the clinical trials did not last long 

enough to allow ezetimibe to do its work [33-35].  Another 

explanation was that, as demonstrated for other drugs, the 

reduction of cholesterol does not always lead to a decrease in the 

incidence of atherosclerosis [33-35].  However, the results of the 

IMProved Reduction of Outcomes: Vytorin Efficacy International 

Trial (IMPROVE-IT) clearly confirmed ezetimibe efficacy, 

safety, and role in preventing cardiovascular diseases [36, 37].  

However, additional information is still missing in order to 

understand the role of NPC1L1 in the liver.  The aim of this study 

was to use ezetimibe as a tool to examine the regulatory 

mechanisms of NPC1L1 expression in hepatic cells.   

Materials and Methods     

Materials 

The human hepatocyte-like C3A and the hepatocellular 

carcinoma HepG2 cell lines were purchased from the American 

Type Culture Collection (Manassas, VA).  Ezetimibe was 

obtained from Merck (Whitehouse Station, NJ).  Low glucose (1 

g/L) Dulbecco’s modified Eagle’s medium (LG-DMEM), fetal 

bovine serum (FBS), RIPA buffer, the BCA protein assay kit, 

precast 4-20% SDS-PAGE, the SuperSignal West Pico 

chemiluminescence substrate, cycloheximide, poly-D-lysine, 

Corning™ MITO+ Serum Extender, the reverse transcriptase 

system, and SYBR green PCR Master Mix were acquired from 

Thermo Fisher Scientific (Pittsburg, PA).  TRI Reagent was 

obtained from Molecular Research Center (Cincinnati, OH).  The 

Turbo DNA-free kit was purchased from Ambion (Austin, TX).  

The specific antibody against NPC1L1 was from Novus 

Biologicals (Littleton, CO).  The actin specific antibody and all 

the HRP-labeled secondary antibodies were purchased from Santa 

Cruz Biotechnology (Santa Cruz, CA).       

Cell culture 

Cells were maintained between experiments in LG-

DMEM medium supplemented with 10% FBS and antibiotics 

(Regular medium), at 37oC, under humidified atmosphere and 5% 

carbon dioxide.  For the experiments, cells were treated with 

either Regular medium or MITO+ medium for 4-6 days, with 

medium changes every other day.  The MITO+ medium was 

prepared as previously described [38].  For some experiments, 

cell polarization was induced using poly-D-lysine as previously 

described [39].  Briefly, coating solution was prepared by 

dissolving poly-D-lysine at the concentration of 50 g/mL in 

serum-free medium.  To coat, 5 ml of the poly-D-lysine solution 

(50 µg/ml) was added to each T75 flask.  Flasks were gently 

rotated to make sure all the coating solution was covering the 

bottom surface of the flask.  Coating was carried out for 1 hour at 

room temperature.  After incubation, the coating solution was 

removed, and flasks were washed twice in serum-free medium.  

Cells were plated as usual.  Treatment with 6.1 M of ezetimibe 

was carried for 4-6 days in the two media.  This concentration of 

ezetimibe is within the range of ezetimibe concentrations used in 

a previous publication [40].  Furthermore, this dose of ezetimibe 

was confirmed in a dose-response pilot study examining the 

viability of the cells in the presence of this drug employing 

Vybrant MTT Cell Proliferation Assay from Invitrogen.  

Incubating with 6.1 µM ezetimibe for 6 days caused reductions in 

the viability of C3A (8.2%; p=0.1734) and HepG2 (7.7%; 

p=0.0792) cells (data not shown).  For the cycloheximide 

experiments, cells treated with and without ezetimibe in the 

different media were incubated with 100 μM of cycloheximide
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for 5.5 hours. This dose of cycloheximide was sufficient to 

achieve 95% inhibition of protein synthesis (data not shown).   

Preparation of protein samples 

Total cell lysates were prepared using ice-cold RIPA 

buffer as previously described [41].  Plasma membranes were 

prepared as a modification of the method developed by Ellis et al. 

[42].  Briefly, cells were washed twice with ice‐cold PBS and 

then scrapped into cold‐PBS containing protease inhibitors.  Cells 

were sedimented at 500 x g for 10 min.  After centrifugation, the 

cell pellet was homogenized in a buffer containing 150 mM NaCl, 

5 mM DTT, 5 mM EDTA, 25 mM Tris-HCl, pH 7.4, and protease 

inhibitors.  The homogenate was then centrifuged at 500 x g for 5 

minutes to remove unbroken cells, nuclei and debris.  The 

supernatant was saved as “total plasma membranes” or processed 

to separated apical and basolateral membranes.  To separate the 

two types of membranes, calcium chloride was added to a final 

concentration of 10 mM.  After mixing, membrane fractions were 

incubated for 30 minutes on ice.  Centrifugation was carried out 

at 15,000 x g for 15 minutes.  Supernatant was saved as “apical 

membranes”.  The pellet was resuspended in homogenization 

buffer and saved as “basolateral membranes”.   Concentrations of 

protein samples were determined using the BCA protein assay.  

Proteins were stored at -80oC until needed for Western blotting 

analysis.    

Western Blotting Analysis 

Electrophoresis of protein samples on precast 4-20% 

SDS-PAGEs, electroblotting onto nitrocellulose membranes, 

Western blotting analysis, and imaging/quantitation of the blots 

were performed as described in another publication [41].  Primary 

antibodies used herein were NPC1L1 (diluted 1:500) and actin 

(diluted 1:250; internal control).     

RNA preparation and quantitative real-time PCR 

Total RNA was prepared using TRI Reagent [43].  After 

DNase I treatment and reverse transcription, real-time PCR 

analysis was performed using 100 ng of the produced ssDNA, the 

SYBR green PCR Master Mix, and the AB real-time PCR system 

as previously described [41].  Human NPC1L1 and 18s rRNAa 

specific primers were obtained from SA Biosciences (Frederick, 

MD), which amplified fragments of 166 and 100 bp, respectively.  

The parameters for the PCR reactions were: denaturation at 95oC 

for 10 minutes, followed by 45 cycles of denaturation at 95oC for  

 

30 seconds, annealing at 60oC for 15 seconds, and extension at 

72oC for 30 seconds.  Quantitation was done using the 

Comparative CT method [44].   

Results  

We started by determining whether ezetimibe affects the 

protein expression of the hepatic NPC1L1.  For this, human 

hepatocyte-like C3A cells grown in either Regular or MITO+ 

medium were treated with 6.1 M of ezetimibe for 6 days.  Media 

supplemented with and without ezetimibe was replaced every two 

days.  Cells were harvested on the 6th day after the initial 

treatment and used for lysate preparation.  Western blotting 

analysis for NPC1L1 was then carried out.  Ezetimibe reduced the 

expression of the NPC1L1 protein by 37.4 (p=0.0002) and 80% 

(p<0.0001) in both Regular and MITO+ media, respectively, as 

compared to the Regular medium without ezetimibe (Figure 1A & 

1B).  Incubating with MITO+ medium alone caused a 17.5% 

(p<0.0001) reduction in NPC1L1 protein expression levels 

(Figure 1A & 1B). 

 

Figure 1:  Effects of ezetimibe (EZ) on protein expression of 

NPC1L1 in human hepatocyte-like C3A cells.  Cells were grown 

in the indicated media (Regular or MITO+) and treated with and 

without 6.1 M EZ for 6 days.  (A) Total cell lysates were 

prepared and analyzed by Western blotting.  Typical blots for 

NPC1L1 and actin are shown.    
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(B) Blots were quantitated using the Kodak imaging software, and 

the NPC1L1 signal was corrected using the internal control actin.  

Data (mean ± SEM) are from n=5 for each condition.  “a” refers to 

p=0.0002, when comparing Regular medium ± EZ.  “b” refers to 

p=0.0056, when comparing Regular and MITO+ media in the 

absence of EZ.  “c” refers to p<0.0001, when comparing MITO+ 

medium ± ezetimibe.   

 

 

(C) Total plasma membranes were prepared and analyzed by 

Western blotting.  Typical Western blots for NPC1L1 and actin 

are shown.  The data under the blot are represented as relative 

NPC1L1 protein levels (mean ± SEM) where the normalized 

value for the sample grown in the presence of Regular medium 

was set to 1.0.  This experiment was repeated four times. 

 

The next experiment was performed to find out 

whether similar results could be obtained using plasma 

membrane fractions.  Total membrane fractions were prepared 

from cells treated as described above and analyzed by Western 

blotting analysis.   Once again, the presence of ezetimibe 

and/or MITO+ medium caused a reduction in the expression 

levels of NPC1L1 protein (Fig. 1C).  Ezetimibe reduced 

NPC1L1 protein levels by 30 and 88% in both Regular and 

MITO+ media, respectively.  The MITO+ medium alone 

caused a 41% reduction in NPC1L1 protein expression levels 

(Fig. 1C).  These experiments demonstrated that the effects of 

ezetimibe and MITO+ medium on NPC1L1 protein expression 

were additive.  It is important to point out that although they 

were less pronounced, similar results were seen in HepG2 cells 

(Fig. 2), the cells from which C3A are derived [45]. 

Figure 2:  Effects of ezetimibe (EZ) on protein expression of 

NPC1L1 in human hepatocellular carcinoma HepG2 cells.  Cells 

were treated as indicated in Fig. 1.  Total cell lysates were 

prepared and analyzed by Western blotting.  Typical blots for 

NPC1L1 and actin are shown.   Blots were quantitated and the 

data (mean ± SEM) from n=4 per each condition are shown.  “a” 

refers to p=0.0348, when comparing Regular medium ± EZ.  “b” 

refers to p=0.0718 (not significant), when comparing Regular 

and MITO+ media in the absence of EZ.  “c” refers to p=0.0185, 

when comparing MITO+ medium ± ezetimibe. 
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Since it is believed that the main site of NPC1L1 

expression in hepatocytes is the canalicular membrane [6, 17, 24], 

membrane fractions were prepared from non-polarized (control) 

and poly-D-lysine-induced polarized cells grown in Regular 

medium.  It is important to mention that we did not use any 

method to confirm the polarity of the cells.  However, we 

observed that the cells spread more evenly in the presence of 

poly-D-lysine than without (Figure 3A).  NPC1L1 protein was 

detected in the basolateral membranes, but not in the canalicular 

(apical) membranes (Figure 3B).  Similar results were obtained in 

the presence of MITO+ medium (data not shown).  These results 

indicated that growing the cells in poly-D-lysing (polarization) 

alone did not affect the plasma membrane localization of 

NPC1L1.  Interestingly, Figure 3B also demonstrates that poly-D-

lysine coating enhanced the expression levels of the NPC1L1 

protein. 

 

Figure 3:  Effects of coating plates with poly-D-lysine (should induce polarization) on NPC1L1 protein expression and localization.  C3A 

cells were set in un-coated (control) and poly-D-lysine coated flasks and incubated for 6 days in Regular medium.  (A) Pictures were taken 

after incubating cells for 4 days.  (B) Preparation of apical and basolateral plasma membranes was done after 6 days in the media.  Western 

blotting analysis for NPC1L1was then done, and a typical blot is shown.  This experiment was repeated four times. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Citation: Dayami Lopez et al. (2016), Effects of ezetimibe on Niemann Pick C1 Like 1 expression in human hepatocyte-like C3A cells. 

Aperito J Cell Mol Biol 2:107 

 

 

Volume 2 • Issue 1 • 107                                        www.aperito.org 
 

http://www.aperito.org/


 

 

 

 

 

http://dx.doi.org/10.14437/2470-1114-2-107                                         Page 6 of 10 
 

 At this point, we decided to determine whether 

ezetimibe could also affect the mRNA expression of the hepatic 

NPC1L1.  As depicted for C3A cells (Figure 4A), in the Regular 

medium, ezetimibe enhanced the expression of NPC1L1 mRNA 

by 1.87-fold (p=0.0411).  Incubating C3A cells in the presence of 

the MITO+ medium also enhanced NPC1L1 mRNA expression 

by 5.51-fold (p=0.0049; Figure 4A).  Although this enhancement 

in NPC1L1 mRNA with MITO+ medium correlates with the 

finding that the NPC1L1 gene is controlled by sterol regulatory 

element binding protein 2 (SREBP-2) [46, 47], these findings do 

not agree with the protein results shown above.  Treating C3A 

cells with ezetimibe in the presence of MITO+ medium caused a 

reduction (64%; p=0.0247) in the levels of NPC1L1 mRNA when 

compared to MITO+ medium alone, but caused an enhancement 

(2-fold; p=0.1268; not significant) relative to the levels in Regular 

medium (Figure 4A).  Once again, similar results were obtained 

in the presence of HepG2 cells (Figure 4B).  Thus, it appears that 

there is dissociation between hepatic NPC1L1 mRNA and protein 

responses to the different treatments. 
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Figure 4:  Effects of ezetimibe (EZ) on NPC1L1 mRNA 

expression in C3A and HepG2 cells.  Treatments with EZ in the 

different media were carried out as described in Figure 1.  RNA 

preparation, real-time PCR, and quantitation of the results were 

done.  The data are represented as relative mRNA levels (mean ± 

SEM) for n=4 in the case of the C3A (A) and for n=3 in the case 

of the HepG2 (B) cells.  (A) “a” refers to p=0.0411, when 

comparing Regular medium ± EZ.  “b” refers to p=0.0049, when 

comparing Regular and MITO+ media in the absence of EZ.  “c” 

refers to p=0.0247, when comparing MITO+ medium ± 

ezetimibe.  (B) “a” refers to p=0.2134 (not significant), when 

comparing Regular medium ± EZ.  “b” refers to p=0.0353, when 

comparing Regular and MITO+ media in the absence of EZ.  “c” 

refers to p=0.0495, when comparing MITO+ medium ± EZ.   

 

In an effort to explain this dissociation between 

NPC1L1 mRNA and protein responses, we performed 

cycloheximide (CH) experiments.  For this, some cells treated 

with ezetimibe in the presence of the two media, also received 

100 µM of CH on the 6th day.  To determine the half-life of 

NPC1L1 in cells treated with Regular medium, incubations 

with CH were carried out for 0, 2.5, 5, and 24 hours.  After 

plotting the remaining levels of NPC1L1 protein for every 

time point (compared to “0”), it was determined that the half-

life of this transported in cells treated with Regular medium 

was 4.5 hours (Figure 5A).  Then, cells treated with the 

different conditions for 6 days and then with and without CH 

for 5.5 hours were used in the preparation of total plasma 

membrane fractions.  Unexpectedly, treating with ezetimibe 

and MITO+ medium independently stabilized the NPC1L1 

protein by 2.45- (p=0.1083) and 2.64-fold (p=0.0095), 

respectively, as compared to the Regular medium. Maximum  
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fold-increase, 12.81 (p=0.004), in the stability of the NPC1L1 

protein, was obtained in the presence of both MITO+ medium 

and ezetimibe (Figure 5B).  These findings suggested that 

MITO+ medium and ezetimibe may reduce the levels of 

NPC1L1 protein by decreasing the translational efficiency of 

the NPC1L1 mRNA.  However, it might be possible that the 

protein(s) required degrading NPC1L1 in response to MITO+ 

medium and ezetimibe may be reduced by the CH treatment 

giving the impression that there is no degradation of the 

NPC1L1 protein.   

 

Discussion 

The data reported herein showed that in the 

presence of Regular medium, ezetimibe decreased the levels 

of NPC1L1 protein while enhanced mRNA expression for 

this transporter.  In order to explain these results, we were 

expecting to see an enhancement in the degradation rate of 

the NPC1L1 protein in hepatic cells, and accordingly, the 

transcription of this gene would have to be increased 

resulting in higher mRNA levels in order to compensate for 

the degraded NPC1L1 protein.  Contrary to our 

expectations, the results established that ezetimibe stabilized 

the NPC1L1 protein.  This finding suggests that ezetimibe 

reduced the expression of the NPC1L1 protein most likely 

by decreasing the translational efficiency of the NPC1L1 

mRNA or that the protein(s) required to degrade NPC1L1 

under these conditions are not synthesized due to the 

presence of CH.  Additional studies are required to confirm 

these possibilities.   
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Figure 5:  Effects of ezetimibe (EZ) and MITO+ medium on 

the half-life of the NPC1L1 protein in C3A cells.  (A) Cells 

grown in Regular medium for 6 days were treated with 100 

µM of cycloheximide (CH) for 0, 2.5, 5, and 24 hours.  

Protein preparation, Western blotting analysis, and 

quantitation of the blots were carried out as described above.  

The data are presented as percentage of NPC1L1 protein 

remaining after CH (mean ± SEM) relative to the “0” time 

point.  (B) Cells grown in the two media ± EZ for 6 days were 

treated with CH for 5.5 hours.  The data are presented as 

percentage of NPC1L1 protein remaining after cycloheximide 

(mean ± SEM) relative to the same treatment without CH.  

“a” refers to p=0.1083 (not significant), when comparing 

Regular medium ± EZ.  “b” refers to p=0.0095, when 

comparing Regular and MITO+ media in the absence of EZ.  

“c” refers to p=0.004, when comparing MITO+ medium ± 

EZ.  These experiments were repeated four times. 
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Incubating in MITO+ medium, which is characterized by 

having low levels of cholesterol [38], also decreased NPC1L1 

protein expression while increased the transporter mRNA levels 

and protein stability.  The results in the presence of the MITO+ 

medium were expected considering the role of NPC1L1 in 

transporting cholesterol back from the bile into the hepatocytes 

[48].  Since the MITO+ medium does not provide cholesterol to 

the cell, intracellular cholesterol levels eventually decrease which 

result in activation of nuclear SREBP-2.  This transcription factor 

is then translocated into the nuclei where transcription of genes 

involved in cholesterol homeostasis are activated.  Among these 

genes activated by SREBP-2 are the LDL receptor (internalizes 

LDL-cholesterol from the serum), HMG-CoA reductase 

(enhances synthesis of cholesterol), and NPC1L1 (internalizes 

cholesterol from the bile).  Increased transcription of the NPC1L1 

gene would explain the increase in NPC1L1 mRNA levels seen in 

our experiments.  In fact, transcriptional activation of NPC1L1 by 

SREBP-2 has been previously demonstrated [49].     

Incubating with ezetimibe in the presence of Regular 

medium may have also caused a reduction in intracellular 

cholesterol levels that resulted in an up-regulation of the NPC1L1 

mRNA, once again, possible mediated by an enhancement in 

SREBP-2 levels.  In agreement with this, an increase in SREBP-2 

mRNA and protein expression in response to ezetimibe has been 

observed in enterocytes [50].  Thus, it is possible that a similar 

control of NPC1L1 transcription by SREBP-2 due to ezetimibe 

treatment is occurring in our studies.  An intriguing observation 

from our studies was that in the presence of MITO+ medium, the 

effects of ezetimibe on NPC1L1 protein expression and protein 

stability were not only similar but also additive to the effects of 

the MITO+ medium alone.  However, in the case of the mRNA 

expression, ezetimibe treatment prevented the MITO+ medium-

dependent enhancement in NPC1L1 mRNA levels suggesting that 

when added together, these treatments activate opposite 

regulatory mechanisms of the transcription of the NPC1L1 gene.  

Further studies need to be carried out to identify the factors 

involved in the transcriptional regulation of the NPC1L1 gene in 

response to the different treatments.       

Herein, we were also able to demonstrate that, in our 

experimental system, NPC1L1 was located at the basolateral 

membrane and not at the apical membrane as previously reported 

[6, 17, 24].  These results were unaffected by whether the cells 

were grown in plates coated with poly-D-lysine (should induce 

polarization) or not, suggesting that additional factors may be 

involved in triggering the translocation of NPC1L1 to the apical 

membrane of hepatocytes.  Additional studies are required to 

identify the factors involved in the transcriptional and post-

transcriptional regulation of the NPC1L1 gene by ezetimibe and 

MITO+ medium.  This information is critical in order to identify 

regulators of NPC1L1, especially in the liver.   

Acknowledgements 

This study was supported by funds from the Faculty-

Student Scholarly/Creative Productivity Initiative Award #12 

from the North Carolina Central University and the State of North 

Carolina. The authors would like to also acknowledge the support 

of the State of North Carolina, the Golden LEAF Foundation, and 

Dr. Anita Jackson, Director of BRITE.       

References 

1. Expert Panel on Detection, E. and A. Treatment of High 

Blood Cholesterol in, Executive Summary of the Third Report of 

the National Cholesterol Education Program (NCEP) Expert 

Panel on Detection, Evaluation, and Treatment of High Blood 

Cholesterol in Adults (Adult Treatment Panel III). JAMA: The 

Journal of the American Medical Association, 2001. 285(19): p. 

2486-2497. 

2. Heron, M., Deaths: Leading Causes for 2012. Natl Vital 

Stat Rep, 2015. 64(10): p. 1-93. 

3. Mallika, V., B. Goswami, and M. Rajappa, 

Atherosclerosis Pathophysiology and the Role of Novel Risk 

Factors: A Clinicobiochemical Perspective. Angiology, 2007. 

58(5): p. 513-522. 

4. Huff, M.W., R.L. Pollex, and R.A. Hegele, NPC1L1: 

Evolution From Pharmacological Target to Physiological Sterol 

Transporter. Arteriosclerosis, Thrombosis, and Vascular Biology, 

2006. 26(11): p. 2433-2438. 

5. Davis, H.R. and E.P. Veltri, Zetia: inhibition of 

Niemann-Pick C1 Like 1 (NPC1L1) to reduce intestinal 

cholesterol absorption and treat hyperlipidemia. J Atheroscler 

Thromb, 2007. 14(3): p. 99-108. 

6. Altmann, S.W., et al., Niemann-Pick C1 Like 1 protein is 

critical for intestinal cholesterol absorption. Science, 2004. 

303(5661): p. 1201-4. 

 

 

Citation: Dayami Lopez et al. (2016), Effects of ezetimibe on Niemann Pick C1 Like 1 expression in human hepatocyte-like C3A cells. 

Aperito J Cell Mol Biol 2:107 

 

Volume 2 • Issue 1 • 107                                        www.aperito.org 
 

http://www.aperito.org/


 

 

 

http://dx.doi.org/10.14437/2470-1114-2-107                                         Page 9 of 10 
 

7. Davis, H.R., Jr. and S.W. Altmann, Niemann-Pick C1 

Like 1 (NPC1L1) an intestinal sterol transporter. Biochim 

Biophys Acta, 2009. 1791(7): p. 679-83. 

8. Grigore, L., G.D. Norata, and A.L. Catapano, 

Combination therapy in cholesterol reduction: focus on ezetimibe 

and statins. Vasc Health Risk Manag, 2008. 4(2): p. 267-78. 

9. Naples, M., et al., Ezetimibe ameliorates intestinal 

chylomicron overproduction and improves glucose tolerance in a 

diet-induced hamster model of insulin resistance. American 

Journal of Physiology - Gastrointestinal and Liver Physiology, 

2012. 302(9): p. G1043-G1052. 

10. Rosen, J.B., et al., A comparison of efficacy and safety of 

an ezetimibe/simvastatin combination compared with other 

intensified lipid-lowering treatment strategies in diabetic patients 

with symptomatic cardiovascular disease. Diabetes and Vascular 

Disease Research, 2013. 10(3): p. 277-286. 

11. Labonté, E.D., et al., Reduced absorption of saturated 

fatty acids and resistance to diet-induced obesity and diabetes by 

ezetimibe-treated and Npc1l1(−/−) mice. American Journal of 

Physiology - Gastrointestinal and Liver Physiology, 2008. 295(4): 

p. G776-G783. 

12. Goldberg, A.C., et al., Efficacy and safety of ezetimibe 

coadministered with simvastatin in patients with primary 

hypercholesterolemia: a randomized, double-blind, placebo-

controlled trial. Mayo Clin Proc, 2004. 79(5): p. 620-9. 

13. Masana, L., et al., Long-term safety and, tolerability 

profiles andlipid-modifying efficacy of ezetimibe coadministered 

with ongoing simvastatin treatment: A multicenter, randomized, 

double-blind, placebo-controlled, 48-week extension study. 

Clinical Therapeutics. 27(2): p. 174-184. 

14. Maron, D.J., et al., Impact of Adding 

<em>Ezetimibe</em> to Statin to Achieve Low-Density 

Lipoprotein Cholesterol Goal (from the Clinical Outcomes 

Utilizing Revascularization and Aggressive Drug Evaluation 

[COURAGE] Trial). American Journal of Cardiology. 111(11): p. 

1557-1562. 

15. Davies, J.P., et al., Inactivation of NPC1L1 causes 

multiple lipid transport defects and protects against diet-induced 

hypercholesterolemia. J Biol Chem, 2005. 280(13): p. 12710-20. 

16. Tang, W., et al., Genetic inactivation of NPC1L1 

protects against sitosterolemia in mice lacking ABCG5/ABCG8. 

Journal of Lipid Research, 2009. 50(2): p. 293-300. 

17. Kosoglou, T., et al., Ezetimibe: a review of its 

metabolism, pharmacokinetics and drug interactions. Clin 

Pharmacokinet, 2005. 44(5): p. 467-94. 

18. Xie, P., et al., Ezetimibe Inhibits Hepatic Niemann-Pick 

C1-Like 1 to Facilitate Macrophage Reverse Cholesterol 

Transport in Mice. Arteriosclerosis, thrombosis, and vascular 

biology, 2013. 33(5): p. 920-925. 

19. Cohen, J.C., et al., Multiple rare variants in NPC1L1 

associated with reduced sterol absorption and plasma low-

density lipoprotein levels. Proc Natl Acad Sci U S A, 2006. 

103(6): p. 1810-5. 

20. Simon, J.S., et al., Sequence variation in NPC1L1 and 

association with improved LDL-cholesterol lowering in response 

to ezetimibe treatment. Genomics, 2005. 86(6): p. 648-656. 

21. Hegele, R.A., et al., NPC1L1 haplotype is associated 

with inter-individual variation in plasma low-density lipoprotein 

response to ezetimibe. Lipids in Health and Disease, 2005. 4: p. 

16-16. 

22. Muendlein, A., et al., Common single nucleotide 

polymorphisms at the NPC1L1 gene locus significantly predict 

cardiovascular risk in coronary patients. Atherosclerosis. 242(1): 

p. 340-345. 

23. Lou, X.Y., et al., Analysis of Niemann-Pick C1-like 1 

(NPC1L1) genetic polymorphisms and haplotypes in Chinese Han 

population. Pharmazie, 2015. 70(9): p. 581-5. 

24. Chang, T.Y. and C. Chang, Ezetimibe blocks 

internalization of the NPC1L1/cholesterol complex. Cell Metab, 

2008. 7(6): p. 469-71. 

25. Wang, J., et al., Membrane topology of human NPC1L1, 

a key protein in enterohepatic cholesterol absorption. Journal of 

Lipid Research, 2009. 50(8): p. 1653-1662. 

26. Temel, R.E., et al., Hepatic Niemann-Pick C1–like 1 

regulates biliary cholesterol concentration and is a target of 

ezetimibe. Journal of Clinical Investigation, 2007. 117(7): p. 

1968-1978. 

27. Yu, L., et al., Cholesterol-regulated Translocation of 

NPC1L1 to the Cell Surface Facilitates Free Cholesterol Uptake. 

Journal of Biological Chemistry, 2006. 281(10): p. 6616-6624. 

 

 

 

 

 

Citation: Dayami Lopez et al. (2016), Effects of ezetimibe on Niemann Pick C1 Like 1 expression in human hepatocyte-like C3A cells. 

Aperito J Cell Mol Biol 2:107 

 

Volume 2 • Issue 1 • 107                                        www.aperito.org 
 

http://www.aperito.org/


 

 

 

http://dx.doi.org/10.14437/2470-1114-2-107                                       Page 10 of 10 
 

 

28. Ahmed, M.H. and C.D. Byrne, Ezetimibe as a potential 

treatment for non-alcoholic fatty liver disease: is the intestine a 

modulator of hepatic insulin sensitivity and hepatic fat 

accumulation? Drug Discov Today, 2010. 15(15-16): p. 590-5. 

29. Nomura, M., et al., Inhibition of hepatic Niemann-Pick 

C1-like 1 improves hepatic insulin resistance. American Journal 

of Physiology - Endocrinology and Metabolism, 2009. 297(5): p. 

E1030-E1038. 

30. Cui, W., et al., Decreased NPC1L1 expression in the 

liver from Chinese female gallstone patients. Lipids Health Dis, 

2010. 9: p. 17. 

31. Masayuki, Y., Novel Role of NPC1L1 in the Regulation 

of Hepatic Metabolism: Potential Contribution of Ezetimibe in 

NAFLD/NASH Treatment. Current Vascular Pharmacology, 2011. 

9(1): p. 121-123. 

32. Jia, L., et al., Dietary cholesterol reverses resistance to 

diet-induced weight gain in mice lacking Niemann-Pick C1-Like 

1. Journal of Lipid Research, 2010. 51(10): p. 3024-3033. 

33. Mitka, M., CHolesterol drug controversy continues. 

JAMA, 2008. 299(19): p. 2266-2266. 

34. Taylor, A.J., Given the ENHANCE trial results, 

ezetimibe is still unproven. Cleve Clin J Med, 2008. 75(7): p. 497-

8, 502, 505-6. 

35. Kastelein, J.J.P., et al., Simvastatin with or without 

Ezetimibe in Familial Hypercholesterolemia. New England 

Journal of Medicine, 2008. 358(14): p. 1431-1443. 

36. Borghi, C. and P.P. Filardi, [Ezetimibe in clinical 

practice: from laboratory investigations to the IMPROVE-IT trial 

results]. G Ital Cardiol (Rome), 2015. 16(7-8 Suppl 1): p. 3S-14S. 

37. Filippatos, T.D. and M.S. Elisaf, Statin-Ezetimibe 

Combination Therapy In Diabetic Individuals. Angiology, 2015. 

38. Wooten, C.J., et al., Having excess levels of PCSK9 is 

not sufficient to induce complex formation between PCSK9 and 

the LDL receptor. Arch Biochem Biophys, 2014. 545: p. 124-32. 

39. Wüstner, D., et al., Different transport routes for high 

density lipoprotein and its associated free sterol in polarized 

hepatic cells. Journal of Lipid Research, 2004. 45(3): p. 427-437. 

40. Cheng, Y., et al., Ezetimibe inhibits expression of acid 

sphingomyelinase in liver and intestine. Lipids, 2009. 44(10): p. 

897-906. 

41. Niesen, M., M. Bedi, and D. Lopez, Diabetes alters LDL 

receptor and PCSK9 expression in rat liver. Arch Biochem 

Biophys, 2008. 470(2): p. 111-5. 

42. Ellis, J.A., M.R. Jackman, and J.P. Luzio, The post-

synthetic sorting of endogenous membrane proteins examined by 

the simultaneous purification of apical and basolateral plasma 

membrane fractions from Caco-2 cells. Biochemical Journal, 

1992. 283(Pt 2): p. 553-560. 

43. Chomczynski, P. and N. Sacchi, The single-step method 

of RNA isolation by acid guanidinium thiocyanate-phenol-

chloroform extraction: twenty-something years on. Nat. 

Protocols, 2006. 1(2): p. 581-585. 

44. Schefe, J.H., et al., Quantitative real-time RT-PCR data 

analysis: current concepts and the novel “gene expression’s C T 

difference” formula. Journal of Molecular Medicine, 2006. 

84(11): p. 901-910. 

45. Kelly, J.H. and N.L. Sussman, A Fluorescent Cell-Based 

Assay for Cytochrome P-450 Isozyme 1A2 Induction and 

Inhibition. Journal of Biomolecular Screening, 2000. 5(4): p. 249-

253. 

46. Iwayanagi, Y., T. Takada, and H. Suzuki, HNF4alpha is 

a crucial modulator of the cholesterol-dependent regulation of 

NPC1L1. Pharm Res, 2008. 25(5): p. 1134-41. 

47. Pramfalk, C., et al., HNF1α and SREBP2 are important 

regulators of NPC1L1 in human liver. Journal of Lipid Research, 

2010. 51(6): p. 1354-1362. 

48. Brown, J.M. and L. Yu, Opposing Gatekeepers of Apical 

Sterol Transport: Niemann-Pick C1-Like 1 (NPC1L1) and ATP-

Binding Cassette Transporters G5 and G8 (ABCG5/ABCG8). 

Immunology, endocrine & metabolic agents in medicinal 

chemistry, 2009. 9(1): p. 18-29. 

49. Tremblay, A.J., et al., Atorvastatin increases intestinal 

expression of NPC1L1 in hyperlipidemic men. Journal of Lipid 

Research, 2011. 52(3): p. 558-565. 

50. Engelking, L.J., et al., Blockade of cholesterol 

absorption by ezetimibe reveals a complex homeostatic network 

in enterocytes. Journal of Lipid Research, 2012. 53(7): p. 1359-

1368. 

 

 

 

 

 

Citation: Dayami Lopez et al. (2016), Effects of ezetimibe on Niemann Pick C1 Like 1 expression in human hepatocyte-like C3A cells. 

Aperito J Cell Mol Biol 2:107 

 

Volume 2 • Issue 1 • 107                                        www.aperito.org 
 

http://www.aperito.org/

