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Abstract 

Nicotinic acid (vitamin B3) has been used for the treatment of hyperglyceremia and the 

prevention of atherosclerosis due to its effects of lowering lipoprotein and triglyceride 

levels and for increasing high-density lipoprotein levels. The process by which nicotinic 

acid acts is through the binding of a Gi-protein coupled receptor which inhibits adenylyl 

cyclase, inhibiting cAMP production which is followed by the inactivation of Protein 

Kinase A and therefore the reduction of free fatty acids in plasma. There are two specific 

receptors one with a high affinity to binding nicotinic acid, HM74A, and one with a low 

affinity, HM74.  

   Nicotinic acid has been recently found to stimulate the release of leptin, a cytokine 

involved in epidermal renewal and differentiation. For this reason we wish to understand 

the location and role of the nicotinic acid receptor in skin homeostasis and skin cancer 

prevention. Through the identification of peptides part of extracelluar, intermembrane, 

and intracellular sites on the receptor, polyclonal antibodies were generated in rabbits 

against a specific peptide and purified using peptide conjugated to antibody purification 

columns. With the purified antibodies, western blot analyses were run and one of the 

antibodies was shown to be both selective and sensitive to the nicotinic acid receptor. Our 

development of the antibody specific to the nicotinic acid receptor can therefore be tested 



in immunohistochemistry to identify the location and function of the receptor in skin 

cells. 

 
 
Introduction 
 
 For the past 50 years nicotinic acid, niacin, has been used as a treatment for 

dyslipidemia because of its effect of increasing high-density lipoprotein cholesterol and 

decreasing low-density lipoprotein, intermediate density lipoprotein, very low-density 

lipoprotein, triglycerides, and lipoprotein levels  [1-3]. Due to these effects on the body, 

niacin (vitamin BB3) is used in the prevention of atherosclerosis as well as to decrease the 

occurrence of mortality of cardiovascular disease such as coronary artery disease. The 

process by which nicotinic acid acts was believed to be through the inhibition of lipolysis 

in adipose tissue, which reduces the free fatty acids in plasma [2-4]. The major side effect 

that hinders compliance is flushing due to vasodilation [5]. This consists of reddening of 

the skin starting on the face along with a warm itchy sensation in the face and upper body 

[1,5].   

Niacin was discovered to stimulate GTPγS binding in adipocyte and spleen 

membranes specifically in rats [4]. It was concluded that niacin acts through a pertussis 

toxin-sensitive G protein which inhibits adenylyl cyclase, inhibiting the accumulation of 

cAMP. This indicated that nicotinic acid acts on a specific G protein-coupled receptor [2-

4].   

 In 2003, an ‘orphan’ G protein coupled receptor (GPCR 109) was identified as the 

nicotinic acid receptor. There are two separate genes HM74 and HM74A, both display a 

96% identity at the protein level and differ in 15 amino acids in addition to 24 amino 



acids that are missing on a shortened C-terminal end of HM74A. HM74 is a low affinity 

receptor for nicotinic acid while HM74A has a higher affinity by 100 fold compared to 

the former [3]. The receptor is a pertussis toxin-sensitive Gi- protein coupled receptor that 

involves Gi/o- activation [3,4]. The mechanism of the nicotinic acid receptor involves the 

inhibition of adenylyl cyclase and therefore the decrease of cAMP production which is 

followed by the inactivation of Protein Kinase A resulting in the suppression of lipolysis 

leading to lower serum levels of triglycerides ad LDL [2-4,6,7].  

 The nicotinic acid receptor was found in adipocytes, macrophages, spleen 

membranes, lymphocytes, immune and lung cells [2,4,6,8,9]. Little research has been 

conducted on the activation of the nicotinic acid receptor in the skin other than its role in 

cutaneous vasodilation involving skin macrophages and Langerhans cells [10]. The role 

of niacin in increasing cellular levels of nicotinamide adenine dinucleotide (NAD), is of 

interest due to the increased genomic stability that results from increased levels of NAD 

and the inhibition of UV-induced carcinogenesis [11].  Using an esterified niacin 

derivative to avoid vasodilation and for delivery through the skin, the nicotinic acid 

receptor was discovered to stimulate the release of leptin from hypodermis adipocytes 

which then acts on the keratinocytes of the epidermal layer leading to epidermal renewal 

and differentiation (Figure 1.1) [12-13]. Due to the effects of topically applied niacin, the 

location and role of HM74A in skin is very relevant to understanding the role of niacin in 

skin cancer prevention.  

Through the use of the genome sequences of both HM74 and HM74A, four 

peptides were predicted to be of interest in the function of the receptor. These peptides 

were synthesized and injected into rabbits for the purpose of generating antibodies. The 



objective of the studies reported here is to purify the antibodies and assess their utility in 

western blot analysis for research regarding their selectivity and sensitivity. Additionally, 

a second objective is to determine which cells express the receptor within the skin. The 

anticipation is that at least one antibody among those in the collection will bind and be 

both selective and sensitive to the nicotinic acid receptor in western blot analysis and then 

identify the presence of the receptor in the following skin cells lines: HaCaT 

(immortalized keratinocytes), CF3 (human fibroblasts). If these experiments result in 

purified antibodies then they may be assessed for their utility in immunofluorescence 

studies. The antibodies specific to the nicotinic acid receptor will be a valuable tool to 

research the location and biological function of the nicotinic acid receptor in skin. 

     

Figure 1. Adipocyte release of leptin upon activation by nicotinic acid. Activation of HM74A in adipocytes causes the release of 
leptin which acts on epidermal keratinocytes leading to inhibition of skin tumor promotion, and promotion of skin homeostasis and 
remodeling. 

 



Material and Methods: 
 
Cell Culture, Adipocyte differentiation, Oil Red O Staining, Lysing. 3T3L1 cells 

were cultured in Dulbecco’s modified Eagles Medium (DMEM) 1000 mg glucose/L 

containing 10% bovine calf serum (BCS) at 37º C and 5% CO2. Cells were then grown to 

confluency using the same medium in 6-well plates. Once confluent, cells were 

differentiated into adipocytes (Olsen et. al. 1997). To test lipid differentiation, Oil Red O 

staining was used as follows: Oil Red O solution was made by dissolving 0.7 g of Oil 

Red O slowly while stirring in 100ml of 85% propylene glycol, heated to 100 ºC for a 

few minutes while stirring, filtered through Whatman 2 filter paper with vacuum attached 

and finally repeated filtering when it had cooled. Cells were washed with phosphate-

buffered saline (PBS), fixed in 3.7% formaldehyde for 2 min, washed with H2O, 

incubated with Oil Red O solution for 1 hour at room temperature, washed with water 

and then viewed under an inverted Olympus microscope. To prepare cells for western 

blot a lysis buffer was made containing: 50 mM Hepes, pH 7.9; 150 mM NaCl, 1 mM 

EGTA, 2 mM MgCl2, 10% glycerol, 1% triton X-100, 2 mM PMSF, Roche Complete 

mini tablet. The medium was aspirated, cells washed with PBS, and 200µl of lysis buffer 

was added into each well. After incubation for 20-30 min on ice, the extract was collected 

and centrifuged at 1200 x g for 30 min at 4 ºC. The supernatant was frozen and stored at -

80 ºC. 

 

Antibody Purification. Four peptides were identified as being of interest to the function 

of the receptor including the extracellular (possibly including the epitope region), 

intermembrane, and intracellular regions of the receptor. Peptide antisera was generated 



by Sigme-Genosys in rabbits, two for each peptide.  Antibodies were then purified by 

using the Sulfolink Kit from PIERCE and following the manufacturer’s instructions.   

 

Western Blot Analysis. Reagents and gel preparation for SDS-PAGE slab gels were 

prepared as described previously (Laemmli et. al. 1970) with the modification of using a 

10% separating gel. Enhanced chemiluminescence detection was carried out as described 

below. Equal volumes of two solutions were mixed; one containing 2.5 mM luminol, 

0.36 mM p-coumaric acid, 0.1 M Tris-HCl, pH 8.5 and the other containing 0.12% H2O2, 

0.1 M Tris-Hcl, pH 8.5. The blot was incubated for 30 seconds and then placed in the 

Kodak BioMax Cassette for further exposure and development of the film. 

 

Results: 

 3T3L1 cells were differentiated into adipocytes as described under Materials and 

Methods and differentiation was confirmed by staining with Oil Red O as shown in Fig 2 

below.   

 

                                                                          
 
                                                                         
 
Figure 2. Differentiated 3T3L1 adipocytes lipids were stained red with Oil Red O.  3T3L1 cells are a cell line known to differentiate 
to adipocytes if treated with insulin, dexamethasone, and isobutyl-1-methylxanthine.  
 



Our rabbit sera containing the antipeptide antibodies were tested through western 

blot analysis using 60 μg of adipocyte cell lysate protein and a 1:1000 dilution of the 

antibodies as shown in Figure 3. There were two different rabbits used for each of the 

four peptides, specific to different regions of HM74A and HM74 including the regions of 

the extracellular/epitope, intermembrane, and the intracellular region including the 24 

amino acid extension found only in HM74.  

                   
Figure 3.  Western blot analyses of the eight rabbit sera bound to adipocyte cell lysate. 60 μg of protein was loaded and a 1:1000 
dilution of the antibody was used in an overnight incubation at 4°C.  
 

 

From the results shown in Figure 3 there are a few bands that appear in multiple 

sera. A band at about 31 kDa seems to appear in all eight of the sera. In addition, there 

are bands around 41-43 kDa found in 199, 201, 202, 203, 204, 205, and 206. Lastly, there 

is a cluster of bands around the 50-57  kDa region found in all the sera except 203. To 

further investigate bands of interest the rabbit sera 200, 201, 202, and 205 were purified 

using the SulfoLink Kit as described in Materials and Methods. 

The purified antibodies were diluted in PBS containing 5% milk and were incubated with 

membranes that contained three lanes consisting of 60 μg of protein from:  adipocyte 

lysate, HaCaT lysate, and CF3 lysate. The adipocytes serve as a positive control because 

of their high level of expression of the receptor. Due to previous real time RT PCR 



analyses, HaCaT’s were shown to express the mRNA of the nicotinic acid receptor and 

CF3’s were shown to have low expression. In addition to incubating the purified 

antibodies with the membrane, a control experiment using the peptide against which the 

antibody was generated as competition to show specificity was conducted for the four 

antibodies mentioned above. The peptide competition was conducted during the 

incubation of the diluted antibody with a 1000 fold excess of its corresponding peptide 

overnight at 4ºC. After a 15 minute centrifugation the supernatant was collected and 

mixed in PBS with 5% milk and incubated with the membranes containing lysates from 

adipocytes, HaCaT, and CF3. 

      Antibody 200 at a 1:500 dilution recognizes a band around 41-43 kDa in all three 

lanes with the heaviest band in adipocytes and a lighter band on the CF3. Another band of 

interest is occurs at 50 kDa in the adipocyte and HaCaT lysate but CF3 lysate showed a 

very faint band as shown in Figure 4A. Additionally, there are faint bands bound at 55 

kDa in the adipocytes and 57 kDa in the three cell types. To test which of the bands was 

specific to the nicotinic acid receptor, the experiment of peptide competition was 

conducted in hopes that one of the bands would disappear. Figure 4B displays the results 

of the peptide competition for antibody 200. As seen below, many more proteins are 

recognized in this blot compared to figure 4A. This may be due to the coupling buffer 

used to dissolve the peptide, which may have promoted glycation reactions cross-linking 

peptide to proteins which subsequently were recognized by the antibody. 



                     

A B

Figure 4.  Purified antibody 200 and peptide competition with peptide 4.  Figure 4A the antibody was diluted 1:500 in PBS 
containing 5% milk and incubated overnight at 4ºC.  Figure 4B used the same amount of antibody as in Figure 4A but this was 
incubated with a 1000x excess of peptide that had been dissolved in the coupling buffer (50 mM Tris, 5 mM EDTA-Na; pH 8.5) used 
to couple the peptide to the purification column.  
 
 Antibody 201 was diluted 1:100 because of a low concentration of the purified 

antibody. A heavy band is recognized around 31 kDa in the adipocytes and one just 

below at 30 kDa in the HaCaTs, shown in figure 5A and 5B. Another band recognized is 

at 41 kDa in adipocytes and HaCaTs, similar to the bands shown previously by antibody 

200, in addition to a band right above at 43 kDa in the three cell types.  Lastly, there are 

two bands around 55 kDa and 57 kDa that are present in all cell lysates, but most faint in 

the CF3. For the peptide competition, all bands disappear as shown in figure 5.C.  

 

A B C

Figure 5. Purified antibody 201 and peptide competition with peptide 5.  Figure 5A shows the 1: 100 purified antibody 201 in 
PBS containing 5% milk. Figure 5B is the same blot as 5A with less exposure time. Figure 5C is the peptide competition experiment 
in which the same amount of purified antibody used was incubated with a 1000 fold excess of peptide 5 dissolved in PBS overnight at 
4ºC. This was centrifuged and the supernatant was diluted in PBS containing 5% milk and incubated with a membrane containing 60 
µg of adipocyte, HaCaT, and CF3 lysate protein.  
 



To test whether each of the bands increased in intensity as the loading of protein 

was increased, increasing amounts of adipocyte lysate protein were loaded and then 

incubated with the purified antibody at a 1:100 dilution. As shown in figure 6, all of the 

bands increase in intensity, with the 31 kDa band being the predominant one.  

                     
Figure 6. Purified antibody 201, 1:100 dilution incubated in membrane containing adipocyte lysate. Protein loading was 
increased from 5 µg to 40 µg of adipocyte lysate protein.  
 
 Antibody 202 was diluted 1:500 and incubated overnight at 4ºC on a membrane 

containing 60 µg of protein from adipocyte, HaCaT, and CF3 lysates. Only one band is 

recognized, as shown in figure 7A, at 43 kDa, which was also seen in antibody 201. The 

peptide competition (figure 7B) partly competes out the antibody. 

 

A B

Figure 7.  Purified antibody 202 and peptide competition with peptide 5.  Figure 7A Antibody 202 was diluted 1:500 and 
incubated overnight at 4ºC. The peptide competition was conducted using the same amount of antibody with a 1000 fold excess of 
peptide 5 dissolved in PBS, figure 7B.  
 



 Purified antibody 205 was diluted 1:500, resulting in a western blot that shows 

two bands present at 31 kDa and 30 kDa in only the adipocytes, shown in figure 8A. The 

31 kDa band was also seen in the purified 201 antibody. There is a faint band recognized 

in the HaCaT lysate around 31 kDa and 43 kDa. This same membrane was stripped and 

reincubated with a 1:500 dilution of the purified 205. Only one band appears at 31kDa 

(figure 8B). The second band is not recognized at 30 kDa, which may be due to the 

protein detachment during the stripping process. When this antibody was incubated with 

1000 fold excess of peptide 7, the band at 31 kDa becomes fainter and the band at 30 kDa 

is not seen. But, the peptide does not completely compete out the antibody (figure 8C).  

The band not recognized at 30 kDa in figure 8C may be due to detachment of protein 

during stripping of the membrane. 

 

A B C 

Figure 8. Purified antibody 205 and peptide competition with peptide 7. Figure 8A displays a membrane containing 60 µg of 
adipocyte, HaCaT, and CF3 lysate protein incubated with a 1:500 dilution of purified antibody 205. Figure 8B displays the same 
membrane used in figure 8A that was stripped and reincubated with the same dilution of purified antibody. Figure 8C displays a 
stripped membrane containing 60 µg of adipocyte, HaCaT, and CF3 lysate protein that was incubated with the supernatant of the 
diluted purified antibody 205 and 1000 fold excess of the peptide 7 in PBS.  
 
 To further investigate the bands of interest a plasmid containing the HM74A gene 

was created that contained a V5 tag and a His tag on the C terminus, and a flag tag on the 

N terminus.  This plasmid was transfected into HeLa cells, which are immortalized 

epithelial cells, derived from a cervical carcinoma. Davide Botta created the plasmid 

containing the HM74A gene, and Claudia Benavente transfected the HeLa cells and lyzed 



the cells using the protocol in Materials and Methods. Using the lysates of the HeLa 

transfected, nontransfected HeLa cells as a negative control, and adipocytes as a positive 

control, western blot analyses were conducted to show the bands of interest that match 

the V5, His tag, and the Flag antibodies compared to the purified antipeptide antibodies: 

200, 201, 202, and 205.  

There was difficulty in using the flag tag antibody, but the V5 antibody 

successfully deleted the products from the transfection. As expected there was only one 

lane, the one containing the HM74A transfected cells that had a signal using the V5 

antibody, figure 9A. There is a cluster of bands recognized from about 35 kDa to 60 kDa.  

Figure 9B shows a faint band at 50 kDa, recognized in all three cell lysates by antibody 

200. This band is also present in the HaCaT cell extract shown in figure 4A. Antibody 

201 (figure 9C) recognized the same cluster of bands as the V5 in the HM74A transfected 

HeLa cells. The bands in the adipocyte lane are the 31 kDa, 41 kDa, 43 kDa, 55 kDa, and 

57 kDa, previously shown in 5A. The proteins bound by antibody 201 in the HeLa cells 

are at 36 kDa, 41 kDa, and 43 kDa. Antibody 202 (figure 9D) a band in all three lysates 

at 43 kDa is recognized, that had also been shown in the HaCaT and CF3 cells in figure 

7A. Another band is recognized at 45 kDa on the HeLa and HM74A transfected HeLa 

cells. Furthermore, at 50 kDa a faint band is seen in the adipocyte lysate that is also 

shown in antibody 200. Antibody 205 (figure 9D) shows the double band previously seen 

at 31 kDa and 30 kDa in the adipocyte lysate. There is a lot of background in the blot, no 

other bands can be distinguished in the other two lysates.  



 

 

A B C D E 

Figure 9.  Antibodies: V5, 200, 201, 202, 205 incubated on membrane containing adipocyte, HM74A transfected HeLa cell, and 
HeLa cell lysates. 40 µg of each of the lysates were loaded. A 1:5000 dilution of the V5 antibody, 1:500 dilution for 200, 202, and 
205, and a 1:100 dilution for 201.  
 
 While working on purifying these antibodies, a commercially available antibody 

to the nicotinic acid receptor was published reporting a band at 55 kDa [10]. To compare 

our antibodies with that one, we tested the commercially available antibody with 

transfected HeLa, HeLa, HaCaT and adipocyte lysates. Bands appeared at 36 kDa, 43 

kDa, and 55 kDa as shown in figure 10A. The antibody was then incubated with 1000 

fold excess of peptide 5 overnight at 4°C. The bands at 43 kDa and 55 kDa are mostly 

blocked by the peptide. The band at 36 kDa is a fainter but it is not completely competed. 

 
Figure 10. Commercially Available antibody and peptide competition with peptide 5.  30 µg of protein lysates were loaded and a 
1:1000 dilution was used. Figure 10B the peptide competition was conducted using the same 1:1000 dilution of antibody with 1000 
fold excess of peptide 5.  
 
 
 



Discussion: 
   
 The predicted molecular weight of HM74A is 41 kDa and HM74 is 43 kDa. From 

our data there are a few bands that fall within this region. One may consider all the other 

bands as contaminants but if we look closely there is more evidence pointing towards 

another explanation. For example, if two antibodies are directed against the same peptide 

(201 and 202 generated against by peptide 5) then one might expect the same bands to 

appear. There is one band in common at 43 kDa, but antibody 201 produces other bands 

including the band at 31 kDa that is a more intense signal than the 43 kDa protein. What 

is most interesting is that all the bands seen with antibody 201 are blocked by the peptide 

during the peptide competition experiments. Although band detected by antibody 202 are 

partially blocked, the peptide is not able to completely block the antibody from binding 

the 43 kDa protein. In addition, the bands seen in western blots using antibody 201 are 

also seen by other antibodies. The band at 31 kDa is recognized by antibody 205, and the 

band at 41 kDa is recognized by antibody 200.  Again, the band at 31 kDa in 205 was 

partially blocked by the peptide competition experiments.  

When comparing results using the V5 antibody and antibody 201 with the 

HM74A transfected HeLa cells, V5 antibody recognized the same bands as does antibody 

201. This suggests that the same proteins produced by the transfected plasmid are the 

same size as those made de novo. Lastly, when the commercial antibody was incubated 

with a 1000 fold excess of peptide 5 the bands at 43 kDa and 55 kDa disappeared. This 

means that there are similar proteins bound by the commercially available antibody to 

HM74A and our antibodies 201 and 202. The peptide competing against the 

commercially available antibody is surprising. This antibody was not generated against 



this particular peptide and therefore was not predicted to bind the antibody. A future step 

would be to more accurately determine the recognized protein sizes by standard methods 

involving plots of migration distance versus molecular weight standards.  

The data obtained from the four different antibodies, arises a question: why are 

there multiple bands at different sizes for the same receptor? There are a few possible 

explanations as to why different molecular weight proteins were observed. One is that 

there may be protease activity that cannot be prevented. Previously we used different 

protease inhibitors and buffers in an attempt to block protease activity; it is known that 

inherently protease labile sites occur in some proteins. This could be the case here. The 

next questions are: could protease activity lead to 5 different fragments? How do you get 

proteins larger than the predicted molecular weight?   

 Two explanations could be that the nicotinic acid receptor may have alternative 

splicing and/or post-translational modifications. The splicing could lead to a variety of 

sizes of the receptor. Antibody 201 is made from peptide 5, which is part of the 

extracellular domain, possibly including the epitope region. This region would be 

unlikely to be spliced due to the importance in binding the ligand.  Perhaps this is why we 

see all bands with antibody 201 that are recognized by all the other antibodies. 

Additionally, there are two different receptors, HM74A and HM74, which are predicted 

to differ in molecular weight by 2 kDa. If similar alternative splicing occurred in each 

gene product, could this explain why we see pairs of bands close in size: 31 kDa, 30 kDa; 

41 kDa, 43 kDa; and 55 kDa, 57 kDa?  Further, post-translational modification usually 

increases molecular weight, which could account for multiple bands. But it is not so 

common for post-translational modification to increase the size from 41 kDa or 43 kDa to 



as much as 60 kDa. Increased band size could be due to aggregation of proteins with the 

lysates, but measures were taken to avoid aggregation; this includes boiling the lysates 

before loading, including SDS and ß-mercaptoethanol in the loading buffer, and using 

fresh samples. Or is the increase protein size simply due to alternative splicing? 

In order to further understand the multiple bands that appear, future experiments 

include, repeating peptide competition of antibodies 200, 202, and 205. By repeating the 

peptide competition, an increased certainty may arise from determining whether the 

bands recognized by antibody 200 are blocked, and determining whether a higher excess 

of peptide will compete antibodies 202 and 205. Peptide competition experiments will 

help determined the specificity of these antibodies towards the nicotinic acid receptor. 

The sequencing of the proteins would be conducted by running a 2-D gel in which 

the protein is separated by molecular weight and pH. The band is then cut out and sent for 

sequencing. With the information received, we can determine whether the bands were 

indeed the receptor and if so, what the sequences for the sizes are including which are 

HM74 and which are HM74A. The results would also decipher protease products from 

alternative splicing. 

Identifying the antibodies that are specific to the nicotinic acid receptor provides a 

valuable tool. The antibody may provide useful for immunohistochemistry studies, flow 

cytometry analyses, as well as the western blot approach used here. The antibody will be 

used to research the localization and function of the nicotinic acid receptor in skin. We 

are particularly interested in demonstrating its hypothesized obligatory role in skin 

differentiation.  
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