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ABSTRACT 

The purpose of this project was to optimise the protocols for detection of free cholesterol 

and NPC 1 and NPC 2 proteins. Paraffin embedded human and rat tissues, cellblocks and 

cytospins of HepG2 and HeLa cells were used for immunohistochemistry to try out the 

best antibody dilutions and unmasking method of the antigen. Adrenal tissue was used to 

stain lipids with Filipin. The dilution that worked best for the NPC 1 was 1:150 and with 

EDTA unmasking. For the NPC 2 the dilution 1:100 was optimal and with Citrate as 

unmasking method. NPC 1 was highly expressed in ovary tissue, stomach epithelium, 

HeLa cells and rat kidney and liver, while NPC 2 was highly expressed in neurons and 

astrocytes in Alzheimer’s disease, seminiferous tubules in testis, neurons in intestine, 

neurons in healthy brain tissue and HeLa cells. The cholesterol inducing chemical 

U18666A was applied to HepG2 cells but no alteration in lipid staining was observed and 

NPC protein expression was similar at all doses applied. Filipin staining worked well with 

a concentration of 250µg/mL and Propidium Iodide with concentration 1mg/mL for nuclei 

stain was optimised at 1:1000.The fixation of cells before lipid stain and 

immunoperoxidase staining has to be evaluated further as the fixations used, 10% formalin 

and acetone, had adverse effects on the antigen. 

    In this project methods were optimized for lipid and NPC protein staining for further 

application in disease investigations. 
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1. INTRODUCTION 

1.1 Cholesterol 

Cholesterol is produced in the body by the liver (Kruit et al., 2006). The production of 

cholesterol occurs mostly during the night time (www.sund.nu). Cholesterol is present in 

tissues and plasma as free cholesterol or as cholesterol esters which is the storage form of 

cholesterol (Murray et al., 2009). 

1.1.1 Structure 

Cholesterol belongs to the family of steroids (Thabrew & Ayling, 2001). The cholesterol 

structure consists of three six-membered rings and one five-membered ring (Campbell & 

Farrell, 2009) which is the basic structure of all steroids. Cholesterol has a single hydroxyl 

group which makes the cholesterol molecule very hydrophobic (Fig. 1.1) (Campbell & 

Farrell, 2009).  

Figure 1.1 Structure of the cholesterol molecule can be seen at 

http://www.papermag.com/blogs/Cholesterol2.gif 

 

1.1.2 Metabolism & Synthesis 

The biosynthesis of cholesterol may be divided into five steps (Fig. 1.2) (Murray et al., 

2009): 

    In the first step two molecules of Acetyl-CoA are converted by Thiolase to be 

Acetoacetyl-CoA. This is then acted on HMG-CoA synthase to make HMG-CoA (3-

hydroxy-3-methylglutaryl-CoA). HMG-CoA gets reduced to Mevalonate by NADPH 

catalyzed by HMG-CoA reductase.  

    In step two mevalonate is phosphorylated by ATP by three kinases. Then after 

decarboxylation isopentenyl diphosphate is formed.  

    In step three isopentenyl diphosphate is isomerized as the double bound shift and form 

dimethylallyl diphosphate. It is then condensed with another molecule of isopentenyl 

diphosphate and forms the ten-carbon intermediate geranyl diphosphate. Another 

condensation with isopentenyl diphosphate forms farnesyl diphosphate. Squalene is then 

formed by two molecules of farnesyl diphosphate that condense at the diphosphate end. 

http://www.papermag.com/blogs/Cholesterol2.gif
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    In step four squalene is converted to squalene 2,3-epoxide by squalene epoxidase. 

Oxidosqualene:lanosterol cyclase transfer the methyl group on C14  to C13 as cyclization 

occours and forms Lanosterol. 

    The last fifth step takes place in the membranes of the endoplasmatic reticulum. The 

methyl groups are removed and forms 14-desmethyl and then zymosterol. The double bond 

in the cholesterol molecule is placed at C8-C9 at first but is then moved to C5-C6 and forms 

desmosterol. The double bond on the side chain is reduced and cholesterol is produced.  

 

Figure 1.2 A schematic illustration of the cholesterol synthesis can be seen at 

http://www.reactome.org/figures/cholesterol_biosynthesis.jpg 

 

We also get cholesterol from the food we eat, the exogenous pathway, and it is absorbed by 

the intestine (Kruit et al., 2006). It gets transported to the liver and other tissues in 

chylomicrons (Kruit et al., 2006) which are a type of lipoprotein produced in the small 

intestine (www.wikipedia.org).  

    To uphold the cholesterol metabolism the liver compensates a diet consisting of high 

cholesterol intake by making less of it (www.wikipedia.org).  

    Free cholesterol cannot be transported in the blood on its own since it is insoluble in 

water (Gurr et al., 2002). A transporter, lipoprotein, is required. The two common ones are 

LDL, low density lipoprotein, and HDL, high density lipoprotein.  

    LDL transports the cholesterol from the liver to the rest of the body (Campbell & 

Farrell, 2009). LDL is made by the liver as VLDL at first. After obtaining molecules from 

HDL it becomes a mature VLDL and then turned into IDL, intermediate density 

lipoprotein, by lipoprotein lipase. It is then converted to LDL by transferring 

triacylglycerol or phospholipids to HDL and cholesteryl esters are transferred from HDL to 

IDL (Thabrew & Ayling, 2001). LDL contains protein, triacylglycerol, cholesterol, 

phospholipids and apoprotein B (Gurr et al., 2002). On the cell surface there are LDL 

receptors. LDL binds to the receptors and the complex goes into the cell by endocytosis 

(Thabrew & Ayling, 2001). The receptor then goes back to the surface while the LDL 

particle ends up in the lysosomes where they are degraded (Thabrew & Ayling, 2001). The 

cholesterol esters are hydrolyzed to free cholesterol and fatty acids (Thabrew & Ayling, 

2001). The free cholesterol can be used directly by incorporation into the cell membrane, 

http://www.reactome.org/figures/cholesterol_biosynthesis.jpg
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or it can be stored as cholesteryl esters catalyzed by ACAT, acyl-CoA:cholesterol 

acyltransferase (Thabrew & Ayling, 2001).  

    To uphold the metabolism and to prevent too much free cholesterol accumulation in the 

cell there is a feedback system that protects the cell from getting over loaded with 

cholesterol (Vance & Vance, 2004). First HMG-CoA synthase and HMG-CoA reductase is 

suppressed. Then cholesterol activates ACAT (Acyl-coenzyme A:cholesterol 

acyltransferase) which makes the cell able to store excess cholesterol in re-esterified form. 

Then the LDL receptor synthesis is suppressed so the LDL entry into the cell decreases 

(Vance & Vance, 2004). This can on the other hand lead to increase of LDL particles in the 

blood stream which can lead to plaque in the artery walls.  

    HDL, high density lipoprotein, is part of reverse cholesterol transport and transports 

cholesterol back to the liver (Schmitz & Grandl, 2009). HDL is mainly derived from the 

liver though a small amount can be synthesised by the intestine (Thabrew & Ayling, 2001). 

It contains protein, cholesterol, phospholipids, tricylglycerol and apoproteins A, C, D and 

E (Gurr et al., 2002). The cholesterol taken up by HDL will either be eliminated from the 

body as bile acid or reused (Schmitz & Grandl, 2009). 

    The two pathways for cholesterol synthesis, liver synthesis and absorption by the 

intestine, maintain the metabolism of cholesterol along with biliary excretion (Yu et al., 

2006). 

   Biliary excretion is the body’s way to get rid of excess cholesterol. Cholesterol is 

converted into bile acid by the liver and secreted from the gallbladder into the small 

intestine (Vance & Vance, 2004).  

  1.1.3 Structural function  

Though many may refer to cholesterol as something bad it is absolutely necessary for the 

body. 

    Cholesterol is a necessary component for the membranes of the cells. It establishes 

membrane permeability and fluidity (Mouritsen et al., 2004).  

    It works as isolating material around the nerve cells, in the myelin (Verheijen et al., 

2009).  

    Cholesterol is the precursor for the production of certain hormones in the body such as 

testosterone, oestrogen and cortisol (Gurr et al., 2002).  

    Bile acid that is synthesised in the liver comes from cholesterol and is used to digest fat 
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(Staels et al., 2009).  

    Vitamin D which is a fat soluble vitamin is made from 7-dehydrocholesterol, a precursor 

to cholesterol (www.wikipedia.org). It is made in the skin when exposed to sunlight 

(www.wikipedia.org). Vitamin D increase synthesis of a Ca
2+

-binding protein which 

increase the uptake of calcium in the intestines (Campbell & Farrell, 2009). 

1.1.4 Distribution 

Cholesterol is located in most places in the body, in all cell membranes. It is located in the 

adrenals where the hormones cortisol and aldosterone are synthesised 

(www.wikipedia.org). 

    The ovary and testis contain cholesterol due to the synthesis of sex hormone 

(www.wikipedia.org).  

    It is located in the myelin that surrounds the nerve cells (Verheijen et al., 2009).  

1.1.5 Visualisation 

In 1924 Schultz adapted a reaction to visualize cholesterol in tissues (Bancroft & Stevens, 

1990). The method was to let the tissue sections oxidise in air with iron alum and followed 

by treatment with a sulphuric-acetic acid mixture that gave free and esterified cholesterol a 

blue colour (Bancroft & Stevens, 1990). In 1961 Adams used a perchloric acid-

naphthoquinone (PAN) method. It was more sensitive, had precision and preserved the 

tissues better (Bancroft & Stevens, 1990). Perchloric acid condense cholesterol to cholesta-

3:5-diene. This is then converted to a blue colour by 1:2 naphthoquinone (Bancroft & 

Stevens, 1990).  

    To visualise cholesterol and lipids in tissues histochemically, by microscopy, there are 

some common stains used.  

    Oil Red O (Haimovici et al., 2001) and Sudan Black B (Marounek et al., 2007) are used 

on frozen tissue and are the two basic staining methods for visualisation of lipids. There 

are different kinds of Sudan dyes but the most sensitive and versatile one is the Sudan 

Black B, introduced in 1935 (Bancroft & Stevens, 1990). To be able to penetrate fats the 

Sudans and Oil Red O have to be dissolved in organic solvents. The solvent though should 

be sufficiently aqueous to avoid extractions of the lipids on their own (Bancroft & Stevens, 

1990). The solvent usually used for Oil Red O is 60% isopropanol and for the Sudan Black 

B 70% ethanol (Bancroft & Stevens, 1990). The Sudan methods fail to stain some lipids as 
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they tend to dissolve in the dye (Bayliss, 1981). To prevent that, the tissues can be pre-

treated with bromine which makes the lipids more stabilised (Bayliss, 1981). As the names 

suggest, the colours of the tissues (lipids) will appear red with the Oil Red O staining and 

black with the Sudan Black B stain. 

    Filipin is a fluorescence method and is used to visualize free cholesterol (Yu et al. 

2006). The detection of the Filipin stain is in the UV range, 360-460nm 

(www.lipidomicnet.org). The colour will appear blue when viewed in fluorescence 

microscope (Fig. 1.3). Filipin was isolated by chemists at the Upjohn company in 1955 

from the mycelium and culture filtrates of an actinomycete, Streptomyces filipinensis 

(www.wikipedia.org) and is a polyene antibiotic (Brock, 1956). It was discovered in a soil 

sample that was collected in the Philippine Islands (www.wikipedia.org). The 

identification of the Filipin as a polyene macrolide was based on its characteristic UV-Vis 

(Ultraviolet-visible spectroscopy) and IR (Infrared) spectra (www.wikipedia.org). Filipin 

III is the major component in Filipin (www.sigmaaldrich.com) and it has a strong affinity 

to cholesterol and therefore very useful for visualization of cholesterol in cell membranes 

(Volpon & Lancelin, 2000), often in relation with the study and diagnosis of Niemann-Pick 

type C disease (www.wikipedia.org). 

Figure 1.3 Filipin stain can be seen at 

http://farm4.static.flickr.com/3183/2611112097_8131650aa6_o.jpg 

 

1.1.6 Atherosclerosis 

This condition results in development of plaques in the arteries (Fig. 1.4). The plaque will 

cause the blood flow to the heart and other parts of the body to decrease which can 

eventually lead to for example a heart attack or a stroke. 

    The cause of plaque can be due to the increase of LDL in the blood stream and because 

the LDL oxidizes (www.wikipedia.org). When the oxidized LDL accumulates in the artery 

wall an inflammatory reaction starts (Berliner et al., 1995) and an increase of macrophages 

infiltration appears (Holvoet et al., 2008). They feed on the LDL-particles which makes 

them filled with fatty droplets and known as foam cells. The macrophages cannot process 

the oxidized LDL and will eventually rupture which will release the LDL in the artery wall 

and lead to more infiltration of macrophages (www.wikipedia.org). All this will eventually 

http://farm4.static.flickr.com/3183/2611112097_8131650aa6_o.jpg
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promote growth of plaque and a fibrous cap forms over the lipid core as a result from the 

death of foam cells (Vance & Vance, 2004) which seals off the core from the blood. Foam 

cells secrete digesting matrix molecules which weaken the cap and if it ruptures tissue 

factors from the macrophages (foam cells) interact with clot-promoting elements in the 

blood and leads to a clot in the artery (Campbell & Farrell, 2009). 

Figure 1.4 A picture of plaque can be seen at http://www.web-

books.com/eLibrary/Medicine/Cardiovascular/Images/Athero.gif 

 

1.2 Niemann-Pick type C (NPC)   

The Niemann-Pick type C 1 (NPC 1) gene was discovered by scientists at the National 

Institutes of Health in 1997 (Carstea et al., 1997) and the NPC 2 gene was discovered in 

2000 (Naureckiene, 2000).  

    The gene for NPC 1 is located on chromosome 18 between positions 11 and 12 (nih.gov) 

(Fig. 1.5.a). The NPC 2 gene is located on chromosome 14 at position 24.3 (nih.gov) (Fig. 

1.5.b). 

Figure 1.5.a and Figure 1.5.b Location of the NPC 1and NPC 2 genes can be seen at 

http://ghr.nlm.nih.gov/gene=npc1,  http://ghr.nlm.nih.gov/gene=npc2  

 

1.2.1 NPC 1 

NPC 1 protein is located in the membrane of late endosomes in the cells (Chang, 2005) 

(Fig. 1.6). It is also transiently associated with lysosomes and Golgi (Chang, 2005).  

    It spans more than 47kb (Storch & Xu, 2009). It contains 25 exons with sizes from 74 to 

788 nucleotides and introns with sizes between 0,097 and 7kb (Storch & Xu, 2009). The 

protein consists of 1278 amino acids (Goldman & Krise, 2010). It has 13 putative 

transmembrane helices, three large hydrophilic domains that project into the lumen of the 

endosomes and lysosomes as well as four small luminal loops, six small cytoplasmic loops 

and a cytoplasmic tail (Storch & Xu, 2009). A sterol-sensing domain (SSD) is located 

between the third and seventh transmembrane domains and is needed for the NPC 1 to 

mediate sterol binding (Chang et al., 2005).  

http://www.web-books.com/eLibrary/Medicine/Cardiovascular/Images/Athero.gif
http://www.web-books.com/eLibrary/Medicine/Cardiovascular/Images/Athero.gif
file:///D:/Gene%20location%20NPC%202%20retrieved%202010-04-09%20-%20http:/ghr.nlm.nih.gov/gene=npc2
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    Over 200 mutations have been identified in the NPC 1 gene that causes Niemann-Pick 

type C disease (Storch & Xu, 2009). 

 

Figure 1.6 Picture of NPC 1 located in the membrane can be seen at 

http://www.uoguelph.ca/~fsharom/research/images/npc1+2function.png    

                    

1.2.2 NPC 2 

NPC 2 is a protein with 132 amino acids (Ory, 2004) and is 13.5kb long (Storch & Xu, 

2009). It is a soluble protein located in the lysosomes in the cells (Goldman & Krise, 

2010). It contains five exons in sizes from 78 to 342bp (Storch & Xu, 2009). The crystal 

structure shows an immunoglobulin-like β-sandwich fold consisting of seven β-strands 

arranged in two β-sheets (Storch & Xu, 2009) (Fig 1.7). The structure contains three 

potential N-glycosylation sites at positions 19, 39 and 116 and is composed in different 

isoforms and all the forms are able to bind cholesterol (Storch & Xu, 2009). The crystal 

structure shows that the protein has three small hydrophobic cavities that may be a binding 

site for cholesterol (Chang et al., 2005).  

    More than 15 mutations that cause Niemann-Pick type C disease have been found in the 

NPC 2 gene (nih.gov).  

 

Figure 1.7 Structure of the NPC 2 protein can be seen at 

http://stock.cabm.rutgers.edu/coord/NPC2/npc2.gif  

 

1.2.3 Function 

NPC 1 is required for the egress of cholesterol and other lipids from the endosomal 

pathway (Kulinski & Vance, 2007). The movement of free cholesterol out of the late 

endosomes or lysosomes is a main task for NPC 1 (Ishibashi et al., 2008), the protein 

transports LDL to late endosomal/lysosomal compartments where the LDL is hydrolyzed 

and releases its free cholesterol (www.proteinatlas.org).  

    NPC 2 is a high affinity cholesterol binding protein (Heo et al., 2006). It binds 

cholesterol with a 1:1 stoichiometry and submicromolar affinity (Ory, 2004). It uses 

mannose 6-phosphate marker for targeting to late endosomes (Chang et al., 2005). Studies 

have shown that NPC 2 can transfer cholesterol to the membrane very quickly (Storch & 

http://www.uoguelph.ca/~fsharom/research/images/npc1+2function.png
http://stock.cabm.rutgers.edu/coord/NPC2/npc2.gif
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Xu, 2009). The NPC 2 gene encodes a lipid recognition domain in the NPC 2 protein. This 

function may be involved in the regulating of cholesterol transport through the late 

endosomal/lysosomal system (www.proteinatlas.org).  

    A model of how the egress of cholesterol from lysosomes can take place with 

cholesterol from LDL that binds to the NPC 2 protein and gets transferred in the lysosomes 

to the NPC 1 protein in the lysosome membrane is shown in Fig. 1.8 (Kwon et al., 2009). 

    There is still more though to find out about these proteins since the exact function of 

them is not yet fully established.  

Figure 1.8 The transfer of cholesterol in the lysosome by NPC 1 and NPC 2 proteins can 

be seen in the article by Kwon et al., 2009 via PubMed 

 

1.2.4 Associated diseases 

Niemann-Pick type C disease is a fatal neurodegenerative disease that occurs in childhood 

(Phillips et al., 2008). It is a genetic disease that is autosomal recessive and is caused by a 

mutation in one of the proteins NPC 1 and NPC 2 (Chang et al., 2005). Mutations in NPC1 

stands for 95% of the cases involving Niemann-Pick type C disease (Reid et al., 2004). The 

characteristic of this disease is the accumulation of cholesterol in the late endosomes, 

lysosomes and tissues such as liver, spleen and brain (Ishibashi et al., 2009; Frolov et al., 

2003). Symptoms for Niemann-Pick type C disease are ataxia, dementia, vertical 

supranuclear gaze palsy, dystonia, seizures, dysarthria and dysphagia (Patterson M, 2000). 

Mutations in the NPC 1 and NPC 2 genes causes a disturbance in cholesterol homeostasis 

(Goldman & Krise, 2009).  

    Liver cell death can be a result of cholesterol accumulation caused by a mutation in the 

NPC 1 gene (Beltroy et al., 2005). This because the liver is taking care of the circulating 

cholesterol from the plasma and the cholesterol gets trapped in the late endosomal and 

lysosomal compartment because of the mutation (Beltroy et al., 2005).  

    Drugs such as antipsychotic and antidepressant that are used for schizophrenia and 

bipolar disorder have been proven to activate Sterol Regulatory Element-Binding Protein 

(SREBP) transcription factors that control genes involved in cholesterol biosynthesis (Vik-

Mo et al., 2009). This affects the NPC 1 and NPC 2 proteins and can cause cholesterol 

accumulation and disturbed myelin structure (Vik-Mo et al., 2009).  
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    Studies have shown that lack of NPC 1 in mice have effect on the retina (Claudepierre et 

al., 2010). NPC 1 is concentrated in specific layers of the mouse retina and if the NPC 1 

protein is absent it causes severe defects in retinal morphology such as impaired visual 

function and up-regulation of proteins that mediate cellular cholesterol release in the retina 

(Claudepierre et al., 2010).  

    NPC 2 has in a study shown that it is involved in pulmonary disease. A severe case of 

alveolar lipoproteinosis was discovered (Bjurulf et al., 2008).          

 

1.2.5 Investigation of NPC proteins/Immunostaining 

Immunostaining is an antibody based method (www.wikipedia.org). Antibodies are a 

commonly used tool in immunohistochemistry, IHC (Bordeaux et al., 2010). It is used to 

detect a special protein, molecule or such, an antigen, in a sample to visualize in a light 

microscope or in a fluorescence microscope (www.wikipedia.org).  

    To visualize the NPC 1 and NPC 2 proteins, antibodies are required. Sigma-Aldrich 

provides antibodies for both NPC 1 and NPC 2 (www.sigmaaldrich.com). The antibodies 

are made in rabbit and are specifically targeting human NPC proteins, Anti-NPC 1 and 

Anti-NPC 2 (www.sigmaaldrich.com).  

    The two types of immunostaining that are commonly used are immunoperoxidase and 

immunofluorescence.  

    The immunoperoxidase method uses an enzyme, peroxidase, to visualize the antigen in 

question often a protein. When adding a substrate it reacts with the enzyme and catalyzes a 

chemical reaction to produce a coloured product (www.wikipedia.org) that can be viewed 

in a light microscope.  

    Immunofluorescence is often used when wanting to visualize a bio molecular antigen 

(www.wikipedia.org). Instead of an enzyme a fluorescent label is used, a fluorophore 

(www.wikipedia.org). After incubation it is ready to visualize the antigen in a fluorescence 

microscope. One problem though with using a fluorescence label is that it bleaches 

quickly. It is very important that the fluorescence is kept from light exposure for long 

periods.  

     Parallels between Niemann-Pick type C disease (NPC) and Alzheimer’s disease (AD) 

has been seen due to histopathological characteristics (Vance et al., 2005). Endosomal 

abnormalities can be seen in both NPC and AD with accumulate cleaved APP (amyloid 
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precursor protein) and Aβ40 and Aβ42, plaque (Koh & Cheung, 2006). A common thing 

between the two diseases is that neurofibrillary tangles occur in the brain (Vance et al., 

2005).  

        

1.3 Aim 

The aim for this project was to optimise the protocols for the detection of free cholesterol 

and NPC 1 and NPC 2 proteins.  

    The protocols were first established on positive control tissues that were known to be 

cholesterol rich. The right dilutions of antibodies and buffer for unmasking were 

established before trying it out on cell lines. For this project HeLa cells and HepG2 cells 

were used.  

    HeLa cells are a human immortal cell line from cervical cancer cells 

(www.wikipedia.org).  

    HepG2 cells are a human liver carcinoma cell line, hepatocellular (www.wikipedia.org). 

The HepG2 cells were treated with U18666A to trigger cholesterol accumulation. 

U18666A is a cell permeable amphiphilic amino steroid that inhibits the intracellular 

biosynthesis and transport of cholesterol (www.merck-chemicals.com). 
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2. MATERIALS AND METHODS 

2.1 Summary 

Multiple tissue blocks were used during this project, which had been fixed in 4% formalin 

and then processed to paraffin wax, available in paraffin blocks ready to use. A dissection 

of a rat was performed during this project from which we took the brain and the adrenals as 

lipid controls. Some of the brain was fixed in 4% formalin. The adrenals and the rest of the 

brain were frozen in liquid nitrogen. The formalin fixed brain was processed to wax and 

then paraffin embedded in blocks.  

    HeLa- and HepG2 cells were cultured in flasks and after harvesting cytospins and 

cellblocks were prepared.  

    Immunoperoxidase staining was performed on the tissue sections, cellblocks and 

cytospin preparation and fluorescence stain with Filipin III was performed on the frozen 

adrenals and cytospins.  

    Paraffin tissues and cellblocks were also stained with Haematoxylin and Eosin (App. 5.1 

and 5.1.1) for cell identification purposes. Rapid Haematoxylin and Eosin stains (App. 5.2 

and 5.2.1) were used to check the histology of the frozen adrenals prior to lipid staining. 

2.2 Cell culture – HeLa and HepG2 cells 

The medium that was used was 500mL RPMI medium from Sigma (App. 5.3). 60mL 

foetal calf serum, 5mL of 200mmol glutamine and 2mL of 10000 units/mL penicillin/ 

10000mg/mL streptomycin (App. 5.3) were added to the medium after defrosting them in a 

37°C incubator for 30 min. Some of the mixed medium was poured into a 20mL sterile 

universl container (Greiner bio-one) and defrosted HeLa and HepG2 cells were transferred 

into the sterile universal container. 5mL of the medium was poured into a 25cm
2
 tissue 

culture flask (Sarstedt). The sterile universal container containing the culture cells was 

centrifuged at 1200rpm for 5 min at approximately 20°C. The medium was decanted and 

cells resuspended in 5mL fresh medium and then poured into the tissue culture flask. The 

flask was then placed in a 37°C, 5% CO2 incubator for three days before harvesting and 

splitting the cells into new flasks.  
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2.3.i Harvesting – HeLa cells 

10mL trypsin (App. 5.4.i) was defrosted in a 37°C incubator for 30 min. Then equal 

amount of EDTA/PBS (App. 5.4.i) was added to the trypsin. The medium in the cell flask 

was decanted and 5mL of trypsin + EDTA/PBS was added for 1 min. The trypsin was 

poured out and 5mL of new trypsin + EDTA/PBS was added and the flask placed in the 

incubator for 15 min. The phase contrast microscope was used to verify that the cells were 

free from the flask. The cell solution was poured into a sterile universal container (Greiner 

bio-one) and equal amount of medium was added to neutralize the trypsin. The cells were 

then centrifuged at 1500rpm for 10 min. The supernatant was then decanted and the cells 

were resuspended in 5mL medium. 1mL each was then added into two new tissue culture 

flasks, 75cm
2
, (Greiner bio-one) which contained 50mL medium. The flasks were placed 

in the incubator at 37°C, 5% CO2. 

2.3.ii HepG2 cells – Exposure to U18666A experiment 

The same procedure was followed with the HepG2 cells. Ten 25cm
2
 tissue culture flasks 

(Sarstedt) were used, marked from 1-10. After being in the incubator for two days, 

100µg/mL U18666A (App. 5.4.ii) in different concentrations (Table 2.2) was added to the 

flasks to accumulate the cholesterol in the cells. 5µL DMSO (dimethyl sulphoxide) was 

added to all ten flasks to have the right conditions. Then 10µL of 100µg/mL working 

solution U18666A was added to flasks 2 and 7, 20µL was added to flasks 3 and 8, 40µL 

was added to flasks 4 and 9 and finally 60µL was added to flasks 5 and 10. This was to see 

the differences in the expression of the NPC 1 and NPC 2 proteins. 

 

Table 2.2 Concentrations of U18666A in cholesterol induction experiment on HepG2 cells. 

Flask Amount of 100µg/mL U18666A     Final concentration 

1 and 6    - - 

2 and 7 10µL 0.2µg/mL 

3 and 8 20µL 0.4µg/mL 

4 and 9 40µL 0.8µg/mL 

5 and 10 60µL 1.2µg/mL 
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2.4 Cellblock preparation 

10mL trypsin (App. 5.5) was defrosted in 37C incubator for 30 min. Then equal amount of 

EDTA/PBS (App. 5.5) was added to the trypsin. The medium in the cell flasks were 

decanted and 5mL of trypsin + EDTA/PBS was added for 1 min. The trypsin was poured 

out and 5mL of new trypsin + EDTA/PBS was added and the flasks placed in the incubator 

for 15 min. A check in a phase contrast microscope was performed to see that the cells 

were free from the flask. The cell solution was poured into a sterile universal container 

(Greiner bio-one) and 5mL of medium was added to neutralize the trypsin. The sterile 

universal containers containing the cells were then centrifuged at 1500rpm for 10 min. The 

medium was poured off and 10% formalin (App. 5.5) was added and cells were fixed for 

1h. The cells were then centrifuged again at 1500rpm for 10 min. The formalin was poured 

off and 2% warm bacteriological agar (App. 5.5) was added and then centrifuged for 10 

min at 1500rpm. The containers were placed in a fridge for 1h to let the agar solidify. Then 

the agar was dislodged and 10% formalin was added for a few hours or overnight. The 

formalin was poured off and pieces from the agar were cut and processed to wax with 

Histokinette 2000 for 15h. The cellblocks were then embedded in paraffin. 

    This was done for both the HeLa and HepG2 cells. 

2.5 Cytospin preparation 

Labelled slides were placed in a clip device along with filter and funnel and then placed in 

the centrifuge head. 3-6 drops of cell suspension (depending on cell yield) were added to 

the funnels. The centrifuge head was then placed in the Shandon Cytospin centrifuge for 5 

min at 1500rpm. The slides were air-dried, three were retained unfixed and three were 

fixed in acetone for 5 min and then air dried, before wrapped in tin foil and placed in the 

freezer, -80°C, for later staining.  

2.6 Sudan Black B protocol 

Frozen rat adrenal and cytospins of HepG2 cells were stained with Sudan Black B. The 

slides were fixed in 10% formalin (App. 5.7) for 5 min and then rinsed in tap water. They 

were then treated with 2.5% aqueous bromine (App. 5.7) for 30 min in fume hood because 

of the toxicity. Slides are then rinsed in tap water and 0.5% sodium metabisulphite (App. 

5.7) is placed on the slides for removal of excess bromine. Slides were washed in tap water 
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and rinsed in 70% ethanol (App. 5.7) for 1 min. Working solution of Sudan Black B (App. 

5.7), filtered before use, was added to the slides for 8 min and then 70% ethanol to remove 

extra stain, 2 min. Nuclei were then stained for 5 min with 0.2% Neutral Red (App. 5.7). 

Slides were then washed in tap water and mounted with glycerine jelly (App. 5.7).   

2.7 Oil Red O protocol 

Frozen rat adrenal and cytospin with treated HepG2 cells were also stained for Oil Red O. 

Slides were fixed in 10% formalin (App. 5.8) for 5 min, rinsed in distilled water and then 

placed in a coplin jar with 60% isopropanol (App. 5.8) 3 min. Slides were then stained 

with Oil Red O working solution (App. 5.8), filtered before use, for 15 min then washed in 

60% isopropanol to clear background, 1 min. Slides were washed in tap water and nuclei 

were stained with Mayer’s Haematoxylin 30 sec. Nuclei were blued in warm tap water and 

mounted with glycerine jelly (App. 5.8).  

2.8 Filipin stain 

Frozen rat adrenal and cytospins were stained with the fluorescence method Filipin for 

detection of free cholesterol. Slides were fixed in 3% formalin (App. 5.8) for 10 min and 

then rinsed with PBS (App. 5.8) 3x2 min. They were then quenched with 1.5mg/mL 

glycine in PBS (App. 5.8) 10 min. Filipin with the concentration of 250µg/mL (App. 5.8) 

was added to the slides for 2h in the dark to prevent Filipin from fading. The slides were 

then rinsed in PBS 3x2 min. Propidium Iodide (1mg/mL), for nuclei stain, with dilution 

1:1000 were added for 5 min then glycerol (App. 5.8) was added to the slides and 

mounted.  

2.9 Immunoperoxidase staining 

Tissues, cytospin and cellblocks were immunostained with antibodies NPC 1 and NPC 2 

from Sigma-Aldrich. Concentration of NPC 1 is 0.33mg/mL and for NPC 2 0.07mg/mL. 

The polyclonal antibodies are produced in rabbit by inserting a recombinant human 

protein, Niemann-Pick C1 protein Precursor, PrEST protein (protein epitope signature tag) 

(www.sigmaaldrich.com; www.wikipedia.org). A Vectastain ABC kit from Vector 

Laboratories was used. The tissues were cut at 5µm and placed on APES (App. 5.9) and 

the cellblocks at 7µm and placed on Superfrost slides (App. 5.9) and then left in the oven 

for 1-1.5h at 60°C. After dewaxing, the slides were put in citrate or EDTA buffer (App. 
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5.9) and micro waved for 14 min and let to sit for another 20 min in the hot buffer. The 

slides were then washed in tap water for 1 min. A ring was drawn round the tissue, 

cellblock or cells with a liquid repellent marker pen. 3% hydrogen peroxide in methanol 

(App. 5.9) was added to the slides for 5 min then washed with PBS (App. 5.9) for 5 min. 

The slides were covered with 100µL of normal horse serum (1:100) (App. 5.9) for 5 min 

then drained and primary antibody was added, NPC 1 or NPC 2 for 1h, 100µL on each 

slide. The dilutions 1:50, 1:100, 1:150 and 1:200 were tried out. Slides were washed with 

PBS for 3x2 min. Biotinylated secondary antibody (App. 5.9) was added to the slides, 

100µL, for 15 min and then washed in PBS for 3x2 min. ABC (App. 5.9) was then added, 

100µL, for 15 min and after that washed with PBS 3x2 min. DAB (diaminobenzidine) with 

30% hydrogen peroxide (App. 5.9) was added to the slides for 7 min then washed in tap 

water 1 min. The slides were then put in Mayer´s Haematoxylin for 40-60sec then blued in 

warm tap water for 3 min. Slides were then dehydrated through spirit, absolute alcohol ad 

xylene and then mounted in DPX. 
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3. RESULT 

3.1 Sudan Black B 

The Sudan Black B is a lipid and cholesterol stain. It was performed on frozen rat adrenal 

(Fig.3.1) and acetone fixed U18666A treated HepG2 cells. To enhance the stain 2.5% 

aqueous bromine was used thus the slides stained without it showed very poor stain. The 

nuclei were stained with 0.2% Neutral Red but this was unsuccessful. The cytospin slides 

with U18666A treated HepG2 cells were fixed in 10% formalin, pretreated with 2.5% 

aqueous bromine and then stained with Sudan Black B. No lipid or cholesterol was stained 

in this experiment.  

 
Figure 3.1 Sudan Black B method on frozen rat adrenal. 

 

3.2 Oil Red O 

Oil Red O is a general hydrophobic lipid stain and was performed on frozen rat adrenal 

(Fig. 3.2) and 10% formalin fixed U18666A treated HepG2 cells. The Oil Red O stain on 

the frozen rat adrenal was successfully done. It showed beautiful red colour for the places 

of lipids. The nuclei were stained with Mayer´s Haematoxylin for 30sec and that was 

enough to view the morphology of it and get perspective of the tissue towards the lipid 

stain. No staining was detected in the cells.   

 
Figure 3.2 Oil Red O method on frozen rat adrenal. Nuclei stained with Mayer´s 

Haematoxylin. 
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3.3 Filipin stain 

The fluorescence method Filipin is used to visualize free cholesterol and is often used in 

connection with Niemann-Pick type C disease. Filipin stain was performed on frozen rat 

adrenal fixed in 3% formalin (Fig. 3.3.A) and U18666A treated HepG2 cells fixed in 3% 

formalin (Fig. 3.3.B). The concentration used with Filipin was 250µg/mL.  

    Propidium Iodide with concentration 1mg/mL for nuclei stain was optimized on HeLa 

cells fixed in 3% formalin (Fig. 3.3.C). The first staining performed was made with a 

dilution of 1:500 for 10 min on rat adrenal and proved to be a much too strong staining. 

Different dilutions and times were tried out as followed: 1:1000 for 5 min, 1:1000 for 10 

min, 1:2000 for 10 min and 1:3000 for 10 min. The cells were fixed in 3% formalin before 

staining. The dilution 1:1000 showed good nuclei staining and 5 min was enough for 

exposure. A combined picture of Filipin and Propidium Iodide stain on HepG2 cells is 

shown in Fig. 3.3.D and 3.3.E.   

 

    
Figure 3.3.A Filipin stain on frozen rat adrenal.  

 

 
Figure 3.3.B Filipin stain on HepG2 cells. 
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Figure 3.3.C Propidium Iodide nuclei stain on HeLa cells. 

 

   
Figures 3.3.D and 3.3.E Combined Filipin and Propidium Iodide stain on HepG2 cells 

with magnification 200x respective 400x. 
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3.4 Immunoperoxidase staining for NPC 1 and NPC 2 proteins 

3.4.1 Normal and diseased tissues 

The right dilution of antibodies and right unmasking method was established on paraffin 

embedded tissues and then applied to cellblocks and cytospins with HeLa and U18666A 

treated HepG2 cells.  

    NPC 2 was highly expressed in neurons and astrocytes in Alzheimer disease (Fig. 

3.4.C.i and 3.4.C.ii) and neurons in healthy brain tissue (Fig. 3.4.F). NPC 2 was positive in 

seminiferous tubules in testis (Fig. 3.4.B.i) but negative for NPC 1(Fig. 3.4.B.ii). Adrenal 

was positive for NPC 2 (Fig. 3.4.A.i) but negative for NPC 1(Fig. 3.4.A.ii). Intestinal 

tissue stained positive for neurons with NPC 2 but as for NPC 1the staining was negative 

(Fig. 3.4.D.i and 3.4.D.ii). Epithelium in stomach tissue stained positive with both NPC 1 

and NPC 2 (Fig. 3.4.Gi and 3.4.G.ii). In ovary tissue NPC 1 was highly expressed (Fig. 

3.4.E) but according to Human Protein Atlas (www.proteinatlas.org) NPC 2 is not well 

expressed in ovary tissue and therefore never used.  

    In rat tissue NPC 1 was positively expressed in kidney, liver and brain. (Fig. 3.4.H.i, 

3.4.H.ii and 3.4.H.iii). In the rat brain though there was a weaker positive stain in neurons.  

    Antigen unmasking methods used were EDTA buffer, 10mM, with pH 8 (App. 5.9) and 

Citrate buffer, 1mM, with pH 6 (App. 5.9). EDTA buffer with pH 8 was used for the 

tissues stained with the NPC 1 antibody and Citrate buffer with pH 6 was used for the 

tissues stained with the NPC 2 antibody.  

     

 

     
 Figures 3.4.A.i and 3.4.A.ii Immunoperoxidase staining for NPC protein in adrenal tissue. 

Figure 3.4.A.i Positive NPC 2 and figure 3.4.A.ii Negative NPC 1. 
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Figure 3.4.B.i and 3.4.B.ii Immunoperoxidase staining for NPC protein in seminiferous 

tubules in testis. Figure 3.4.B.i Positive NPC 2 and figure 3.4.B.ii Negative NPC 1. 

 

  
Figure 3.4.C.i and 3.4.C.ii Immunoperoxidase staining for NPC protein in Alzheimer’s 

disease. Figure 3.4.C.i Positive stain with NPC 2 for astrocytes and figure 3.4.C.ii Positive 

stain with NPC 2 for neurons.  

 

    
Figure 3.4.D.i and 3.4.D.ii Immunoperoxidase staining for NPC protein in intestine. 

Figure 3.4.D.i Positive stain with NPC 2 for neurons and figure 3.4.D.ii Negative NPC 1. 
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Figure 3.4.E and 3.4.F Immunoperoxidase staining for NPC protein in ovary tissue and 

brain. Figure 3.4.E Positive NPC 1and figure 3.4.F Positive NPC 2. 

 

    
Figures 3.4.G.i and 3.4.G.ii Immunoperoxidase staining for NPC protein in epithelium in 

stomach tissue. Figure 3.4.G.i Positive NPC 1 and Figure 3.4.G.ii Positive NPC 2. 

 

   
Figures 3.4.H.i, 3.4.H.ii and 3.4.H.iii Immunoperoxidase staining for NPC protein in rat 

tissue. Figure 3.4.H.i Positive NPC 1 in rat kidney, figure 3.4.H.ii Positive NPC 1 in rat 

liver and figure 3.4.H.iii Weak positive stain with NPC 1for neurons in rat brain. 
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3.4.2 HepG2 and HeLa cells 

The HeLa cells stained positive for both NPC 1 and NPC 2 (Fig. 3.4.I.i and 3.4.I.ii). 

The results regarding the U18666A treated HepG2 cells there were varied result between 

the HepG2 in cellblocks and those on cytospins. In the DMSO control for cellblocks, NPC 

1 protein was detected (Table 3.4.A). HepG2 cells treated with U18666A were positive in 

all concentrations and distinguished differences could not be detected between NPC 1 and 

NPC 2 (Table 3.4.A). Stronger staining though was seen in HepG2 cells with 1.2µg/mL 

U18666A than the others (Fig. 3.4.L.i and 3.4.L.ii). 

           

   
Figures 3.4.I.i and 3.4.I.ii Immunoperoxidase staining for NPC protein in HeLa cells. 

Figure 3.4.I.i Positive NPC 1 and figure 3.4.I.ii Positive NPC 2. 

 

Table 3.4.A Results of evaluation of effects of U18666A on HepG2 cells in cellblocks. 

 NPC 1 NPC 2 

5µL DMSO + - 

5µL DMSO + 0.2µg/mL U18666A ++ ++ 

5µL DMSO + 0.4µg/mL U18666A +++ ++ 

5µL DMSO + 0.8µg/mL U18666A ++ +++ 

5µL DMSO + 1.2µg/mL U18666A +++ +++ 
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Figures 3.4.J.i and 3.4.J.ii Immunoperoxidase staining for NPC protein in HepG2 cells 

with DMSO. Figure 3.4.J.i Some positive stain with NPC 1 and figure 3.4.J.ii Negative 

NPC 2. 

 

 

   
Figures 3.4.K.i and 3.4.K.ii Immunoperoxidase staining for NPC protein in HepG2 cells 

with 0.2µg/mL U18666A. Figure 3.4.K.i Positive NPC 1 and figure 3.4.K.ii Positive NPC 

2. 

 

   
Figures 3.4.L.i and 3.4.L.ii Immunoperoxidase staining for NPC protein in HepG2 cells 

with 1.2µg/mL U18666A.Figure 3.4.L.i Positive NPC 1 and figure 3.4.L.ii Positive NPC 2. 
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Regarding the acetone fixed U18666A treated HepG2 cells on cytospins (Table 3.4.B) no 

clear staining could be detected. Some staining was detected in one of the slides but cannot 

single handedly be a result of positive staining (Fig. 3.4.M).   

 

Table 3.4.B Results of evaluation of effects of U18666A on acetone fixed HepG2 cells on 

cytospins. 

 NPC 1 NPC 2 

5µL DMSO - - 

5µL DMSO + 0.2µg/mL U18666A - - 

5µL DMSO + 0.4µg/mL U18666A - - 

5µL DMSO + 0.8µg/mL U18666A - - 

5µL DMSO + 1.2µg/mL U18666A - - 

 

 

 
Figure 3.4.M Focal positive immunoperoxidase staining for NPC 1protein in HepG2 cells 

with 0.2µg/mL U18666A.  
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4. DISCUSSION 

4.1 Sudan Black B and Oil Red O 

Staining with Sudan Black B on the frozen rat adrenal was successful using 2.5% aqueous 

bromine for 30 min as pretreatment. Without the 2.5% aqueous bromine pretreatment the 

stain was very poor indicating that the lipid staining was cholesterol and cholesterol esters. 

The nuclei stain with 0.2% Neutral Red was unfortunately unsuccessful as a nuclear stain. 

The time used for nuclei stain was 3 min and a longer time than that should be tried out for 

best result if using the concentration 0.2%. 

    Staining of the U18666A treated HepG2 cells for lipids did not induce lipid deposits in 

the cells. This was noted using the Sudan Black B method and the Oil Red O method. 

After cytospin preparation the cells were air dried and wrapped in tin foil before put in the 

freezer unfixed and then before staining fixed in 10% formalin for 5 min. This fixation on 

the cells may have affected the lipid stain and other fixation methods should be tried out. 

Fixation with 4% buffered paraformaldehyde has been performed in a study using the Oil 

Red O method which gave positive lipid stain (Rizk et al., 2004) and 50% ethanol was 

used as fixation in a study regarding the Sudan Black B method (Travers et al., 2008). 

    The nuclei stain on the other hand using the 0.2% Neutral Red in the Sudan Black B 

method on cells was positive. Time with 0.2% Neutral Red on the cells was on for 6 min 

this time and gave good result. Same time can be a suggestion to use on the tissues as well 

since 3 min is not enough.  

 

4.2 Filipin stain 

The fluorescence method Filipin is used to visualize free cholesterol and is often used in 

connection with Niemann-Pick type C disease. The Filipin used was Filipin III from 

Streptomyces filipinensis with the concentration 250µg/mL.   

    The Filipin stain was performed on frozen rat adrenal tissue and U18666A treated 

HepG2 cells. Both the frozen rat adrenal and the HepG2 cells were fixed in 3% formalin 

for 10 min before staining. The concentration of Filipin III, 250µg/mL, gave a good 

staining on both the rat adrenal and the HepG2 cells.      

    Optimization for the fixation time in 3% formalin was also performed. For the first 

staining with Filipin on this project the slides were fixed in 3% formalin for 30 min. For 
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the optimization of the fixation three slides with HeLa cells were used. One slide was fixed 

with 3% formalin for 10 min, one slide for 30 min and one slide without the formalin 

fixation. The slide without the formalin fixation gave no positive staining for free 

cholesterol. The slides with formalin gave no difference in result due to time exposure so 

therefore 10 min was used for the rest of the staining performed during the project 

regarding the Filipin stain. 

    Differences in staining in the HepG2 cells could not be detected due to the different 

concentrations of U18666A added to the cells. The concentrations and the range of 

concentrations might have been too small to see any differences in the staining. In a study 

from 1999 they used U18666A in the concentrations 0.01µg/mL and 0.1µg/mL with 

Filipin staining on SK-N-SH cells, a human neuroblastoma cell line, which showed clear 

differences in staining due to the U18666A concentrations (Sparrow et al., 1999).         

4.3 Immunoperoxidase staining 

The optimal dilution of antibodies and heat-based unmasking method was performed on 

several formalin fixed, paraffin embedded human and rat tissues and then applied to 

cellblocks and cytospins of HeLa and U18666A treated HepG2 cells. The best dilution 

regarding the NPC 1 antibody was to be found 1:150 and had the least unspecific 

background staining but still strong positive staining. In other studies, dilutions of NPC 1 

antibody used were 1:100 combined with fluorescence (Falk et al., 1999) and 1:500 for 

immunoperoxidase staining for localization of murine Niemann-Pick type C protein 

(Garver et al., 2000). 

    Best antigen unmasking method for NPC 1 protein was using EDTA buffer with pH 8. 

For the cellblocks the buffer was preheated for 10 min before putting the slides in and let 

to sit for 20 min. This was performed because the cellblock sections had more tendencies 

to fall off the slides. For the cellblock sections SuperFrost
® 

Plus microscope slides (VWR) 

are recommended as adhesion was a problem.  

    For the NPC 2 protein the best dilution of the NPC 2 antibody was 1:100. In a study 

done recently they used a dilution of 1:750 in mouse ovary with positive result (Busso et 

al., 2010). For the NPC 2, Citrate buffer with pH 6 worked well as unmasking method. 

Immunostaining requirements  were similar for the cellblock as for the NPC 1, the Citrate 

buffer was preheated for 10 min and then the slides were put in and let to sit for 20 min. 

    U18666A was added to HepG2 cells which causes cholesterol to accumulate. U18666A 



33 

 

is a cell permeable amphiphilic amino steroid that inhibits the intracellular biosynthesis 

and transport of cholesterol (www.merck-chemicals.com). It decreases the cholesterol 

content in the endoplasmic reticulum and impedes the cholesterol transport between the 

lysosomal compartment and plasma membrane (Koh & Cheung, 2006) making it similar to 

what happens in Niemann-Pick type C disease. 

    The optimized dilutions of the NPC 1 and NPC 2 antibodies were then tried out on HeLa 

cells and the U18666A treated HepG2 cells with the concentrations 0.2µg/mL, 0.4µg/mL, 

0.8µg/mL and 1.2µg/mL to see if there were any differences to be seen in the accumulation 

of cholesterol in the cells relative to the concentrations of U18666A. Differences between 

the NPC 1 and NPC 2 protein expression in the cell, due to the triggering of cholesterol 

accumulation, were also to be investigated. No specific differences in NPC protein 

expression could be detected though due to the concentrations of U18666A regarding the 

cellblocks. The range between the concentrations may have been too small to view any 

direct differences and the concentrations per se were too low and needs to be higher. In 

other studies 2µg/mL of U18666A (Di Nunzio et al., 2010) has been used in HepG2 cells 

which increased the staining. Cortical neurons from mice have been treated with U18666A 

with a span over 0.1µg/mL to 50µg/mL which affected the lysosome enzymes cathepsins B 

and D (Amritraj et al., 2009). CHO-K1 cells, an ovary cell line from hamster, were used in 

a study treated with U18666A with concentrations 0.5µg/mL and 2µg/mL (Ridgway et al., 

1998) and showed stronger staining with 2µg/mL towards 0.5µg/mL.  

     As for the U18666A treated HepG2 cells on cytospins there were unsuccessful staining 

for the NPC 1 and NPC 2 protein. After the cytospin preparation they were air dried and 

then fixed in acetone for 5 min, air dried and wrapped in tin foil before freeze. Before 

staining they were taken from the freezer, air dried and fixed in acetone again for 5 min. 

The acetone fixation had adverse effects on the antigen and other fixations need to be 

investigated. In another study, fixation by ethanol, ethanol/acetic acid and 

paraformaldehyde/ethanol (Maciorowski et al., 1997) were used and 

paraformaldehyde/ethanol fixation seemed to preserve antigen best.  

    HeLa cells in cellblocks stained positive for both the NPC 1 and the NPC 2 protein. 

    The Human Protein Atlas (www.proteinatlas.org) lists other cell lines that have high 

expression of the NPC 1 and NPC 2 protein for example HMC-1, human mast cell; U-

138MG, a glioma cell line from the brain; U-2197, a sarcoma cell line and AN3-CA which 

is a human endometrial cancer cell line.  
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4.4 Conclusion 

For a good Sudan Black B stain 2.5% aqueous bromine as pretreatment is required. 

Regarding the nuclei stain with 0.2% Neutral Red on tissues it needs to be improved.  

    Different kind of fixation of the cells needs to be tried out thus the acetone fixation did 

not work for positive immunoperoxidase staining. The 10% formalin fixation for the lipid 

dyes also need evaluation regarding to cell staining.  

    A larger range of concentrations of U18666A needs to be tried out for the accumulation 

of cholesterol in HepG2 cells as well as higher concentrations to be able to better see any 

differences between the expressions of the NPC 1 and NPC 2 proteins.  

    In this present study methods were optimized for evaluation of lipids, cholesterol and 

NPC proteins in human and animal tissues. These will be used in study of neurological 

diseases and in vitro studies of the effects of pharmaceutical agents (e.g. U18666A) on 

cholesterol and NPC protein expression.  
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5. APPENDICES 

5.1 Haematoxylin and Eosin – paraffin sections 

1. Dewax (xylene x 2, absolute alcohol x 2, spirit, water) 

2. Harris´s Haematoxylin 5 min 

3. Wash in running warm water to blue sections 3min 

4. Differentiate in 1% Acid-alcohol 2sec 

5. Blue in warm tap water 3 min  

6. Stain in 1% Eosin 

7. Rinse well with tap water 

8. Dip in spirit 3 times then absolute alcohol x 2, xylene x 2 

9. Mount in DPX 

 

5.1.1 Material H & E-stain – paraffin sections 

 1% Eosin – 1g Eosin, Merck + 100mL dH2O  

 1% acid-alcohol – 1400mL absolute alcohol + 600mL dH2O → 20mL + 20mL HCl 

 Absolute alcohol 

 DPX, BDH 

 Harris´s Haematoxylin 

 Spirit 

 Xylene, 95% industrial methylated spirit 

 

5.2 Haematoxylin and Eosin stain – frozen sections 

1. Fix sections in 2% Acetic-Alcohol 10min 

2. Rinse in tap water 

3. Stain with Harris Haematoxylin 2 min 

4. Rinse by dipping in a bath of tap water 

5. 1% acid-alcohol for 1 sec then place slide back in tap water immediately 

6. Blue in warm tap water 5 min 

7. Counterstain with 1% Eosin 3 min 

8. Rinse in tap water 

9. Dehydrate, clear and mount in DPX 
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5.2.1 Material H&E-stain – frozen sections 

 1% Eosin – 1g Eosin, Merck + 100mL dH2O 

 1% acid-alcohol – 1400mL absolute alcohol + 600mL dH2O → 20mL + 20mL HCl 

 2% acetic-alcohol – 2mL 100% acetic-acid + 98mL absolute alcohol 

 Absolute alcohol 

 DPX, BDH 

 Harris Haematoxylin 

 Spirit 

 Xylene, 95% industrial methylated spirit 

5.3 Cell culture 

 Foetal calf serum, 500mL Sigma Lot. 017K3395 

 Glutamine 200mmol, Gibco Lot. 709212 

 HeLa cells 

 HepG2 cells 

 PIS (10000 units/mL penicillin/10000 mg/mL streptomycin), Gibco Lot. 1359297 

 RPMI-1640 Medium 500mL, Sigma Lot. RNBB1150  

 Sterile universal container 20mL, Greiner bio-one Lot. 091523 

 Tissue culture flask 25cm
2
, Sarstedt Lot. 831810 

 Tissue culture flaks 75cm
2
, Greiner bio-one Lot. 09200142 

5.4.i Harvesting – HeLa cells 

 EDTA/PBS – 0.2g EDTA (ethylenediaminetetracetic acid), Sigma + 1000mL PBS 

 PBS (phosphate buffered saline) 1 tablet/100mL dH2O, Oxoid Lot. BR0014G 

 RPMI Medium with Foetal calf serum, Glutamine and PIS 

 Sterile universal container 20mL, Greiner bio-one Lot. 091523 

 Tissue culture flasks 75cm
2
, Greiner bio-one Lot. 09200142 

 Trypsin – 50mL of 2.5% stock, Gibco + 500mL earles balanced salts, Sigma 

5.4.ii HepG2 cells – Exposure to U18666A experiment 

 DMSO (dimethyl sulphoxide), Sigma Lot. 123H08711 

 EDTA/PBS – 0,2g EDTA (ethylenediaminetetracetic acid ), Sigma + 1000mL PBS 
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 PBS (phosphate buffered saline) 1 tablet/100mL dH2O, Oxoid Lot. BR0014G 

 RPMI Medium with Foetal calf serum, Glutamine and PIS 

 Sterile universal container 20mL, Greiner bio-one Lot. 091523 

 Tissue culture flasks 75cm
2
, Greiner bio-one Lot. 09200142 

 Trypsin – 50mL of 2,5% stock, Gibco + 500mL earles balanced salts, Sigma 

 U18666A 100µg/mL – 20µL of U18666A 5mg/mL stock solution (5mg U18666A 

+ 1mL DMSO), Sigma + 1mL RPMI medium, Sigma 

5.5 Cellblock preparation 

 10% Formalin – 10mL conc. formalin + 90mL dH2O 

 2% Agar (bacteriological agar, no salts added) – 1g agar + 50mL dH2O 

 Cassette 

 EDTA/PBS – 0,2g EDTA (ethylenediaminetetracetic acid), Sigma + 1000mL PBS 

 Knife 

 Lid 

 PBS (phosphate buffered saline) 1 tablet/100mL dH2O, Oxoid Lot. BR0014G 

 RPMI Medium with Foetal calf serum, Glutamine and PIS 

 Sterile universal container 20mL, Greiner bio-one Lot. 091523 

 Trypsin – 50mL of 2.5% stock, Gibco + 500mL earles balanced salts, Sigma 

 

5.6 Sudan Black B protocol 

 0.2% Neutral Red – 0.2g Neutral Red stock solution, BDH Lot. 34056 4A + 100mL 

dH2O 

 0.5% Sodium metabisulphite – 0.5g sodium metabisulphite, BDH Chemicals + 

100mL dH2O  

 2.5% Aqueous bromine – 2.5g bromine + 100mL dH2O 

 70% Ethanol – 70mL ethanol + 30mL distilled water 

 Glycerine jelly – 10g gelatine + 60mL dH2O + 70mL glycerol 

 Sudan Black B working solution – 1.5g Sudan Black B stock solution, Gurr + 

100mL 70% ethanol 
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5.7 Oil Red O protocol 

 10% Formalin – 10mL conc. formalin + 90mL dH2O 

 60% Isopropanol – 60mL isopropanol + 40mL dH2O 

 Glycerine jelly – 10g gelatine + 60mL dH2O + 70mL glycerol 

 Mayer’s Haematoxylin 

 Oil Red O working solution – 30mL Oil Red O stock solution, Gurr + 20mL dH2O 

 

5.8 Filipin stain 

 1.5mg/mL glycine in PBS – 1.5g glycine + 100mL PBS 

 3% Formalin – 3mL conc. formalin + 97mL dH2O 

 DMSO (dimethyl sulphoxide), Sigma Lot. 123H08711 

 Filipin 250µg/mL – 1µL Filipin stock 25mg/mL (40µL DMSO + 1mg Filipin), 

Sigma + 99µL PBS 

 Glycerol in PBS – 1drop glycerol + 9 drops PBS 

 PBS (phosphate buffered saline) – 1tablet/100mL dH2O 

 Propidium Iodide 1mg/mL, Fluka Lot. 1167235 

 

5.9 Immunoperoxidase staining  

 2M NaOH – 80g NaOH, BDH + 1000mL dH2O 

 3% Hydrogen peroxide – 1mL 30% hydrogen peroxide, VWR + 9mL methanol 

 Absolute alcohol 

 APES (3-aminopropyltriethoxysilane) microscope slides, Knittel Glass 

 Citrate buffer pH 6 – 2.1g Citrate, Merck + 1000mL dH2O, pH to 6 with 2M NaOH 

 DAB (diaminobenzidine), Sigma – frozen DAB aliquots 0.2 mL+ 1.8mL PBS + 

10µL 30% hydrogen peroxide 

 DPX, BDH 

 EDTA buffer pH 8 – 3.7g EDTA (ethylenediaminetetracetic acid), Sigma + 

1000mL distilled water, pH to 8 with 2M NaOH 

 Liquid Blocker, liquid repellent slide marker pen 

 Mayer’s Haematoxylin 

 PBS (phosphate buffered saline) 1 tablet/100mL dH2O Oxoid Lot. BR0014G 

 Primary antibody, anti-NPC 1 and anti-NPC 2, Sigma Lot. R12288, R00021 
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 Spirit 

 SuperFrost
®
 Plus microscope slides, VWR Lot. 12499 

 Vectastain ABC kit, Vector Laboratories Lot. 271 210: 

- Biotinylated secondary antibody – two drops of stock solution + two drops of 

normal horse serum stock solution + 5mL PBS 

- Normal horse serum – one drop of stock solution + 5mL PBS 

- Vectastain Elite
®
 ABC reagent – two drops each of stock solutions A and B + 

5mL PBS 

 Xylene, 95% industrial methylated spirit 
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