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Diabetes mellitus is a common disease and is increasing in prevalence yearly. It is now estimated 

that over 12% of children and adults in the United States have diabetes mellitus [1].  It is also 

estimated that up to 40% are undiagnosed posing a major public health risk [1].   

Introduction 

 

The major abnormality found in diabetes is relative or absolute insulin deficiency. Insulin 

maintains the body’s blood glucose levels. To this day, the underlying pathology of diabetes is 

still not fully determined.  Researchers understand that obesity and lifestyle changes can 

contribute to the diagnosis. Diabetes has varying types of the disease. Type 1 diabetes is an 

autoimmune disorder that leads to pancreatic beta cell destruction [2] causing insulin losses and 

allowing glucose levels to rise. Type 1 diabetes is relatively rare compared to type 2 diabetes, 

diagnosed in approximately 5-10% of all people with diabetes. In type 2 diabetes, the body is 

resistant to insulin [2] and over time loses production. These changes are likely due to multiple 

factors including genetics, obesity, reduced exercise, and increased food intake.  

 

 Diabetes has multiple co-morbidities.  Studies show that persons with type 2 diabetes are at the 

same high risk of having a heart attack as a person without diabetes and already having had a 

heart attack [3]. Besides serious heart problems, high blood sugar levels can go on to harm other 

parts of the body. Problems such as diabetic neuropathy, nephropathy and retinopathy can also 

occur.  

 

The pancreas is an abdominal organ that provides digestive and endocrine functions in 

vertebrates. As an exocrine gland, it secretes pancreatic juices, which contain enzymes that pass 
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into the small intestine. Blood vessels and nerves are also present in the pancreas. As an 

endocrine organ the pancreas produces several important hormones such as insulin, glucagon and 

somatostatin. In the endocrine pancreas, there are millions of tiny cell clusters called Islets of 

Langerhans. Within these islets, there are four main cell types. They are easily classified by their 

secretion: alpha cells (α) secrete glucagon, beta cells (β) secrete insulin, delta cells (δ) secrete 

somatostatin and pancreatic polypeptide cells (PPY) secrete pancreatic polypeptide [4]. The 

islets within the pancreas are displayed in compact clusters and cords that crisscross in a system 

of capillaries. This intricate system of blood vessels makes it possible for the proper hormones to 

enter the circulation. In diabetes mellitus, the beta cells are unable to produce enough insulin to 

meet the body’s needs. Although there is much known about pancreatic dysfunction in diabetes, 

the dynamics of beta cell losses are not well understood in humans. Therefore, ongoing 

evaluation of beta cell dynamics in humans in health and disease might help to better understand 

the underlying disease process.  

 

Dr. Paul Harris has recently focused on 11C-dihydrotetrabenzine (11C-DTBZ) as a tool to 

measure pancreatic beta cell mass in health and disease in living animals and humans [5]. 11C-

DTBZ is a radioligand, or a radioactive substance with a short half-life that allows for in vivo 

visualization of the vesicular monoamine transporter, type 2 (VMAT2). VMAT2 is an integral 

membrane protein that acts to transport monoamines like dopamine [6] and is located on the 

membrane of the beta cell. In 2003, Dr. Anlauf and his group reported expression of VMAT1 

and VMAT2 in cells of normal human and monkey pancreas. VMAT2 was seen in insulin 

staining cells, but not other cells of the endocrine pancreas. By using immunohistochemistry, 
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they demonstrated expression of VMAT1 in the endocrine cells of the duct system; 

whileVMAT2 was co-localized with beta cells of the Islets of Langerhans. 

 

Using Positron Emission Tomography (PET), radiation submitted from 11C-DTBZ is used to 

measure VMAT2 binding sites and therefore total VMAT2 content in the pancreas. VMAT2 

content in turn may be used to measure beta cell mass. In a recent paper [5], Souza et al 

demonstrated 11C-DTBZ uptake in rodent models. They were able to demonstrate differences in 

VMAT2 content in rodents with and without diabetes. In particular, they evaluated rodents with 

autoimmune diabetes or those given streptozotocin, which reduces beta cell mass. Both models 

demonstrated reduced beta cell mass longitudinally and coincided with a significant decrease in 

11C-DTBZ pancreatic uptake.  These changes occurred prior to the onset of diabetes, which is 

significant since hyperglycemia occurs only after the majority of the beta cell mass is destroyed.  

It was demonstrated that 11C-DTBZ PET scanning both preceded and predicted the onset of 

diabetes mellitus [5].  

 

More recently, Dr. Harris’ group has evaluated pancreatic 11C-DTBZ scanning in humans [7]. In 

those with long-standing type 1 diabetes mellitus, the great majority of beta cells are destroyed 

by an autoimmune process. Studies from the 1960’s [8] demonstrated that humans with long-

standing type 1 diabetes have approximately 1% of the beta cell mass compared to non-diabetic 

controls.  Recent 11C-DTBZ scans demonstrated a greater than expected uptake on the scans. It 

has already been proven that beta cells scan positive for VMAT2, but researchers are now 

questioning if other cells, including pancreatic polypeptide cells contribute to VMAT2 uptake. If 
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they are positive for VMAT2, then the 11C-DTBZ uptake on PET scanning will be 

overestimated. 

 

In order to provide more clarity on the current debate, human pancreatic tissue needs to be 

further studied. In a recent paper by Butler et al [9], human pancreatic tissue was studied by 

immunohistochemistry. They questioned if the relationship between VMAT2 and insulin 

expression is disturbed in type 1 diabetes or type 2 diabetes. When they stained for insulin in the 

pancreas, most beta cells expressed VMAT2. They observed that VMAT2 is also present in 

pancreatic polypeptide cells, but were unsure of the exact pancreatic location.  

 

Pancreatic polypeptide cells are usually found in the head of the pancreas. Given these 

inconclusive results, this research plans to further evaluate insulin, VMAT2 and pancreatic 

polypeptide content in the pancreas. To perform such a task, human pancreatic tissue needs to be 

obtained and have them processed to microscope slides. Once attained, various procedures must 

be completed to properly stain the tissue for insulin, VMAT2 and pancreatic polypeptide. When 

the tissue has been successfully stained for each subject, photographs must be taken and counting 

of the beta cells may begin. In particular, this research hopes to better define the ratio between 

the pancreatic tissue and the beta cells in the head, middle and tail of the pancreas. 

 

Pancreatic tissue was obtained from the National Diabetes Research Interchange in Philadelphia, 

Pennsylvania after approval for a human pancreatic tissue study by the Columbia University 

Medical Center institutional review board (IRB-AAAC8210).  Pancreatic tissue was taken from 

Materials and Methods 
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deceased donors within hours of expiration to decrease the chances of tissue breakdown.  The 

tissue was sent in 10% formalin for tissue preservation.  The identity of subjects was kept 

anonymous in order to preserve confidentiality. 

 

Small cubes of tissue (approximately 2 cm x 2 cm) were cut from the head, body and tail of the 

pancreas and placed in formalin solution.  The tissue was sent to the histology laboratory for 

paraffin blocking and preservation. 

 

Immunohistochemistry was performed by standard procedures as outlined by previous 

investigators [9]. Below, the steps taken for the immunohistochemistry are explained.  

 

Slides were stripped of paraffin wax and processed for preparation of staining.  Blocking is used 

to reduce non-specific binding of antibody binding in immunohistochemistry. The following 

outlines paraffin removal and blocking:  1) Place slides in histological grade xylenes, emptying 

and refilling three times for three minutes 2) Move the slides from xylenes to 100% ethyl alcohol 

solution, emptying and refilling two times for three minutes 3) Move slides to a 90% ethyl 

alcohol solution (Cat. # 11ACS200;45 ml of alcohol and 5 ml of distilled water, one time for 

three minutes). 4) Move slides to an 80% ethyl alcohol solution. 5) Washing the slides, four 

times for two minutes each in water. 6) Take the slides out and place them in a protein solution. 

Place them in the fridge to sit over night.  

Paraffin Removal & Blocking of Slides 
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The protein solution is made via:  Bovine Albumin. Lot # 129H0890, measure out 1.0 grams and 

add50 ml of water. Shake the solution thoroughly. 

 

Once the paraffin wax has been completely removed from the slides, the pancreatic sample is 

ready to be stained. Antibody staining is performed to observe the prevalence of insulin 

producing islet cells in the pancreas. When staining for insulin, the primary antibody must be 

applied for at least two hours for the antibodies to bind to insulin. A secondary antibody must be 

applied to the slides as the secondary anti-mouse antibody (NXA931 Lot #307426) is able to 

bind the primary antibody and stain via peroxidase methods. After two hours, the primary 

antibody is removed and the slides are washed for fifty minutes, switching every ten minutes 

from distilled water to PBS 1X solution (Phosphate Buffered Saline without calcium and 

magnesium; Cat. No 21-040-CV; Lot no. 21040168). After fifty minutes has passed, the 

secondary antibody is applied to the slides. The secondary antibody is applied for at least two 

hours. Once the two hours has passed, the slides must be washed for fifty minutes, switching 

every ten minutes between distilled water and the PBS 1X solution. After the fifty minutes of 

washing is over, the slides are ready to have a DAB stain applied. The DAB staining consists of 

one drop of the Buffer; pH 7.5, two drops of the DAB, one drop of the hydrogen peroxide and 

one drop of the nickel solution. Once these are all mixed together, distilled water is added until 

the solution is 10 ml. Take the slides out of the water and apply the DAB stain for about fifteen 

to twenty seconds. Quickly remove the DAB stain from the slides by placing them back in the 

water and washing with distilled water. To ensure the antibodies bound to the tissue, place the 

Antibody staining 
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slides stained with DAB under a microscope. If stained properly, the highlighted islet cells are 

visualized across the scattered tissue.  

 

Following the DAB staining, the tissue is stained with Hematoxylin and Eosin. First, add two ml 

of hematoxylin solution (lot # 116k4350) and eight ml of distilled water in one container. Apply 

this solution first to the slides, but only keep the solution on the slides for about thirty seconds. 

Remove the hematoxylin solution and place slides back into the water. Then, add two ml of the 

eosin stain (lot # 046k4371) and eight ml of distilled water in a separate container. Take the 

slides out of the water and apply the solution onto the slides for about thirty seconds. Once 

complete, take the eosin stain off and wash slides with distilled water. When staining for 

VMAT2, the primary antibody, or the primary rabbit antibody, must be applied to the slides and 

let it sit for overnight. VMAT2 requires a longer time for the antibody to remain on the slides 

because it takes a longer time for the primary rabbit antibody to bind to the islet cells. After the 

primary antibody has sat overnight, it must be removed and the slides must be washed for fifty 

minutes, switching off between the PBS 1X solution and distilled water. After the fifty minutes 

of washing is over, the secondary antibody, or the anti-rabbit antibody (NA934V, Lot # 208218) 

must be applied to the slides. This antibody must also sit for overnight in order to reassure 

researchers that that the antibody has enough time to bind to the islet cells. After the slides have 

sat overnight, they must be washed for fifty minutes, switching between PBS 1X solution and 

distilled water. After the slides have been washed, they follow the same steps for staining insulin.  
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After observing the slides under a microscope to see if the stain was applied properly, the slides 

must be mounted so the tissue can be used for follow up observations. Without mounting the 

slides with a cover slip, the tissuedries out and is potentially useless for the researchers. 

Mounting the slides is a very specific procedure and needs a gentle touch so that there won’t be 

any air bubbles under the cover slip. First, the researcher must pour two drops of the mounting 

solution to the slide. Make sure that the solution covers the whole section. A cover slip that is big 

enough (slide dimensions) to cover the sample completely is required. As the researcher begins 

to cover the sample with the cover slip, tone must gently put it on so that there will be close to no 

air bubbles. Once the slide has been properly mounted, nail polish hardener must be applied to 

the outer sides of the cover slip so that the slip won’t slide off the sample for research later on. 

The slides should sit overnight so that the nail polish hardener will dry and harden. 

Slide Mounting 

When the slides have been properly stained and mounted, they must be imaged and saved to a 

computer. The slides are taken to a microscope, where they are also imaged by a camera that’s 

within the microscope. These images are sent to a computer, where they show up piece by piece. 

Once the whole pancreatic sample is sent to the computer, the researcher must measure out the 

total area of the beta cells compared to the total area of the pancreatic tissue. Using Image Pro 

Plus 6.3, highlight the total area including the beta cells and get a measurement, as well as 

highlighting only the beta cells and getting a measurement. This process is necessary for every 

image that is taken of the slide to get a true estimate of the beta cell to pancreatic tissue ratio.  

Imaging the pancreatic slides 
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Figure 1. (a) Illustrates insulin staining by immunohistochemistry. (b) Demonstrates 

counting of insulin staining area while (c) denotes total pancreatic area.  The percent area 

is taken as insulin/total pancreatic area. 

 

Once the slides are counted for insulin, VMAT2 and pancreatic polypeptide, mean areas are 

calculated.   Areas for each cell-type are compared below. 

 

 

Results 

The main objective was to compare the distribution of insulin, VMAT2 and pancreatic 

polypeptide staining cells in different regions of the pancreas. Pancreatic tissue was evaluated by 

immunohistochemistry.  The following figures and text summarize the results. 

 



Kringas, Andrew 
 

11 
 

  

Figure 2. Fractional area staining for Insulin in the Head, Body and Tail of the Pancreas. 

 

The average fractional area for insulin staining in the head, body and tail of the pancreas was 

1.16, 1.75 and 1.77%, respectively.  Error bars represent the standard deviation of the mean.  

There was no statistically significant difference between the means (Students T testing). 
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Figure 3. Fractional area staining for Pancreatic Polypeptide in the Head, Body and Tail of 

the Pancreas. 

 

The average fractional area for PPY staining in the head, body and tail of the pancreas was 1.13, 

0.47 and 0.47%, respectively.  Error bars represent the standard deviation of the mean.  There 

was statistically significant (approaching) difference between the means of the head versus the 

tail and body (Students T testing) (p < 0.1). 
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Figure 4. Fractional area staining for VMAT2 in the Head, Body and Tail of the Pancreas. 

 

The average fractional area for VMAT2 staining in the head, body and tail of the pancreas was 

1.19, 1.57 and 1.63, respectively.  Error bars represent the standard deviation of the mean.  There 

was no statistically significant difference between the means. 

 

0.0000

0.0050

0.0100

0.0150

0.0200

0.0250 Fractional VMAT2 Staining Area
Head ( n=2)

Body (n=2)

Tail (n=2)



Kringas, Andrew 
 

14 
 

 

Figure 5. Fractional area staining for VMAT2, PPY and Insulin in the Head, Body and Tail 

of the Pancreas. 

 

The average fractional area for VMAT2, PPY, and insulin staining in the head, body and tail of 

the pancreas are displayed in figure 5.  Error bars represent the standard deviation of the mean.  

Amongst the three portions of the pancreas (head, body and tail), insulin displayed the greatest 

amount of staining in the body of the pancreas with an average of 1.75%.  Insulin staining was 

also seen in the tail with 1.57% of total area and to a lesser degree in the head with 1.17% of 

total pancreatic area. The pancreatic polypeptide showed the strongest presence in the head of 

the pancreas with 1.13% of total pancreatic area, and dramatically decreased in the body and tail 

staining for 0.47% and 0.47% of total area. There was a statistically significant difference 

between the average staining of PPY in the head of the pancreas versus the head and tail (P< 0.1. 

Students tests, 90 percent confidence interval).  VMAT2 staining was the strongest in the tail and 

body at 1.63% and 1.57%, respectively.  The head was also abundant with 1.19% of the total 

area.   
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Discussion 

The distribution of insulin, pancreatic polypeptide and VMAT2 were evaluated in the pancreas.  

There has been scant literature on the distribution of insulin and PP in various locations of the 

pancreas.  Therefore, we sought to record the relative contributions of insulin and pancreatic 

polypeptide in the head, body and tail of the pancreas.  In turn, future research is made to further 

evaluate their contributions to VMAT2-positive cells.  It is believed that the great majority of 

VMAT2 cells are insulin-producing beta cells.  We therefore were able to evaluate pancreatic 

tissue after autopsy from humans without diabetes mellitus.  Tissue was taken from the head, 

body and tail.  Immunohistochemistry was performed on the tissue. 

 

We showed that insulin-producing beta cells are abundant throughout the pancreas.  There 

appears to be no significant difference in insulin staining between head, body and tail.  

Consistent with older literature, pancreatic polypeptide appears to be more abundant in the head 

of the pancreas[10].  VMAT2 is present in all three areas of the pancreas in similar distribution.  

It is still unknown whether PP-positive cells stain for a significant portion of VMAT2 in the head 

of the pancreas.  Although it is planned in the next phase of this study, there was no staining 

performed by immunofluroescence.  Therefore, it is impossible to determine the contribution of 

VMAT2 from PPY and insulin staining cells in various parts of the pancreas. Based on previous 

data generated in collaboration with Dr. Butler, 8% of VMAT2-positive cells are non-insulin 

staining.  Future studies will determine if this is similar in the head of the pancreas. 
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On a separate note, we had difficulty staining for VMAT2 in our pancreatic sections.  We had to 

send the microscope slides to a special section of the Naomi Berrie Diabetes Center where 

immunohistochemistry was performed.  They stained the slides adequately, but because of 

multiple attempts and weeks spent in our laboratory we recovered less data than we had for other 

samples. 

 

The limitations of this study are mostly related to evaluations of tissue staining.  The tissue 

staining at times was less than adequate and therefore the antibodies did not show well.  We were 

unable to use these slides for evaluation.  Additionally, the ability to adequately count antibody 

versus non-antibody staining can introduce error.  The method of antibody counting by Image 

Pro Plus is part of a standard protocol but may not be fully accurate with varying levels of 

staining.  Finally, we have not completed the final part of the study, which includes 

immunofluorescence to evaluate the contribution of insulin and pancreatic polypeptide to 

VMAT2 distribution.  This will be completed in the laboratory soon.  

  

Conclusion 

Our findings confirm previous reports that there is a significant enrichment of PPY cells in the 

head of the pancreas relative to the body and tail [10, 11].  Our results also confirm previous 

reports that there is a relative enrichment of insulin staining cells in the body and tail relative to 

the head of the pancreas [10].  As expected VMAT2 staining paralleled that of insulin staining.  

In the next phase of this study, we will establish the frequencies of cells that stain double positive 

for insulin and VMAT2 and the frequency of cells that stain positive for both PPY and VMAT2.   
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