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Introduction 

Diabetes is a disorder of metabolism in which the body does not properly control 

the amount of sugar in the blood.  About 20.8 million people in the United States have 

diabetes, that's 7.0 percent, 14.6 million are diagnosed and the other 6.2 million are not.  

There are three main types of diabetes, type 1 diabetes, type 2 diabetes, and gestational 

diabetes.  Type 1 is an autoimmune disease; the immune system attacks and destroys the 

beta cells (insulin producing cells, insulin is a hormone that controls the amount of sugar 

in the blood) in the pancreas.  Type 2 diabetes is the most common form and is usually 

associated with older age, obesity, family history of diabetes, previous history of 

gestational diabetes, physical inactivity, and certain ethnicities.  Women sometimes 

contract gestational diabetes late in pregnancy, though it usually will disappear after the 

birth of the baby. (Diabetes Overview) 
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Nkx2.2 is a homeodomain-containing transcription factor essential for pancreatic 

islet cell specification.  A progenitor cell can be seen as a parent cell that gives rise to 

other cells through a series of cell divisions.  This research will focus on Nkx2.2 and its 

affects in the rise of beta cells.  When Nkx2.2 is removed from the progenitor cell, only 

epsilon, or ghrelin cells form, alpha and beta cells do not. 

Insulin resistance occurs when a person needs more insulin than the normal 

amount for normal responses.  There are many causes for insulin resistance; this research 

discussed quite a few of these mechanisms.  When beta cells fail to secrete the excess 

insulin needed, type two diabetes can emerge.  This is said to be the main complication of 

insulin resistance.  Diabetes affects an estimated 6% of the population and 90-95% has 

type 2.  One topic covered is the affect FFA has on beta cells.  The FFA acts as 

incretions, they stimulate insulin secretion.  Short termed exposure to high FFA plasma 

concentrations are shown to have an effect on glucose stimulated insulin secretion. 

(Mlinar et al., 2007) 

Ku et al. found that intercellular signals can regulate cell adhesion with several 

mechanisms in a process called “inside out” signaling.  In the EL4 Thymoma cells, 

phrobol-12-myristate 13-acetate induced the activation of extracellular signal-regulated 

kinase mitogen-activated protein and promoted cell adhesion.  In this study, the 

researchers clonal EL4 cells were used to examine signaling events.  The study revealed 

that PMA treatment generated a complex pattern of phorphorylated paxillin species in 

intact cells.  The findings describe the inside-out signaling pathway by which ERK may 

be able to regulate the events in cell adhesion. (Ku et al., 2000) 
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 Implications for the mechanism underlying variations in antigen presentation: 

2m was identified as a factor for the development of type 1 diabetes in mice, 2m
a
, but 

2m
b
 restored diabetes to its resistant form.  The researchers report the stabilities of a 

molecule named H2-D
b
, which contains both variants of the 2m.  They also show how 

the variants can differ within isolation.  V2m is an essential subunit for the expression of 

MHC molecules.  These MHC molecules are important in antigen presentation, antibody 

transport from mother to fetus, and iron transport. 2m is a major protein component.  In 

the results they concluded that the structure of D
b
/SVNL9/ 2m

b
 is similar to that of 

2m
a
. (Roden et al., 2006) 

Yamada et al. found that in the diagnosis and treatment of diabetes, the evaluation 

of a patient’s pancreatic beta cell is important.  These researchers tried to find out the 

function of beta cells with a single sampling of blood.  The pancreatic beta cell function 

is determined by two factors, the quantity of the beta cells and the quality of the beta 

cells.  They used four patients and observed their fasting blood glucose and C-peptide 

levels in seven post-islet transplanted states.  This revealed a linear relationship between 

F-BG and F-CPR.  They concluded that a SUIT index can be calculated from data 

obtained at a single fasting blood sample and could then predict the beta cell function.  

This formula may be useful in clinical management of diabetes. (Yamada et al., 2006) 

It is known that diabetes can cause pancreatic beta cell failure through glucose 

toxicity. Kitamura et al. showed how the Fox01 protein can protect these beta cells from 

this oxidative stress.  Fox01 relocates itself constantly in response to oxidative express, 

induced NeuroD expression in response to H202 and promotes MadA expression.  Fox01 

can clearly help prevent and protect from be3ta cell failures in diabetic patients but more 
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of an effort to use this protein must be taken.  It is now important to investigate whether 

genetic or pharmacological manipulations of the Fox01 protein can be used to help 

improve the beta cell failure in diabetic patients. (Kitamura et al., 2005) 

Jin et al. sought to find the possible effects of pioglitazone on beta cell functions 

in metabolic syndrome of patients with impaired glucose tolerance and look into the 

possible mechanisms.  They had had twenty-two subjects treated with the pioglitazone in 

controlled doses of 30 mg per day for 4 months.  At the end of each treatment tests were 

taken to see where the patients were stat wise.  The results of the treatments were that 

AIRg did no change, other coefficients increased, second phase insulin response and GIR 

increased, and the therapy also improved the ISI value.  They concluded that short-term 

pioglitazone therapy did improve beta-cells functions, and that the mechanisms might 

involve the attenuation of insulin resistance. (Jin et al., 2006) 

Gata4, gata5, and gata6 are a subfamily of regulators that are important in the 

development of many tissues.  Decker et al. showed that gata4 and gata6 have 

overlapping patterns in the early pancreatic epithelium.  Gata6 was found to also interact 

with the gene Nkx2.2, which is an essential transcription factor.  These researchers 

sought to find the roles of gata4 and gata6 in pancreatic development.  Gata6 embryos 

showed two phenotypes, a complete absence of pancreas, or reduction in pancreatic 

tissue.  In the embryos that do form pancreas, there is a reduction in all cell types.  It was 

proven that gata6 is in fact an important regulator in pancreatic cell specification. (Decker 

et al., 2006) 

In mammals, the pancreas is composed of four different cells that together 

regulate glucose homeostasis. Pancreatic beta cells have a main role in maintaining this 
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homeostasis because they secrete insulin.  If these cells fail, it constitutes to the 

development of diabetes.  For an overall understanding of the process, one must identify 

the key regulators of beta cell differentiation.  You must understand this in order to go 

forward with future studies of regenerating beta cells.  Studies using mice have identified 

that many genes control the function of beta cells.  Wang et al. activated the gene Pax4 to 

prove that its function is required for the formation of beta cells.  Loss of Pax4 prevents 

the expression of Pdx1, HB9, and insulin in beta cell precursors.  It was then shown that 

the actions of Pax4 are accomplished with genetic connections to Nkx2.2.  (Wang et al., 

2004) 

 Nkx2.2 and NeuroD1 are necessary for the differentiation of pancreatic islet cells.  

Nkx2.2-null mice do not form beta cells, have fewer alpha cells, fewer pancreatic 

polypeptide cells, and more ghrelin-producing epsilon cells.  NeuroD1-null mice also 

show a reduction in alpha and beta cells.  Chat et al. produced Nkx2.2-NeuroD1 double 

knockout mice (DKO) to determine the relative contributions of the genes in islet 

development.  The DKO mice failed to form beta cells, suggesting that the Nkx2.2 

phenotype is dominant over that of NeuroD1 in beta cells.  The alpha, pancreatic 

polypeptide, and epsilon phenotypes of the Nkx2.2-null mice are partially rescued by the 

elimination of NeuroD1.  It was shown that Nkx2.2 and NeuroD1 interact to regulate 

pancreatic islet cell fates and their relationship is cell-type dependent. (Chao et al., 2007) 

 Desai et al. sought to find the role of Nkx2.2 within the small intestine.  They 

determined that Nkx2.2 is expressed at the onset of intestinal epithelial cell 

differentiation.  Like its role in pancreatic cells, Nkx2.2 regulates cell fate choices within 

the enteroendocrine population.  The Nkx2.2-null mice, several hormone production 
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enteroendocrine cell populations are absent or reduced and the epsilon cell populations is 

upregulated.  Other intestinal cell populations such as the paneth cells, goblet cells, and 

enterocytes are unaffected by the loss of Nkx2.2.  This study identified a novel role for 

Nkx2.2 in intestinal endocrine cell development and revealed similarities between 

Nkx2.2’s role in the pancreatic islet and the small intestine. (Desai et al., 2008) 

 Nkx2.2 possibly plays a role in the differentiation of beta cells.  Normal beta cells 

produce a miniscule amount of glucagon and ghrelin while producing a large amount of 

insulin.  It is hypothesized that glucagon and ghrelin levels will increase and insulin 

levels will decrease; therefore no long being a beta cell.  To test this, a small interfering 

RNA (siRNA) must be used; siRNAs interfere with the expression of a specific gene.  In 

this case the gene is Nkx2.2 and the siRNA will be EY202.  But before EY202 can be 

used, it must also be tested to find out if it is an efficient siRNA for the experiment. 

 

Materials and methods 

Passaging of immortalized beta cells 

 In order to keep the immortalized cells alive, passaging must be done.  When a 

plate of cells gets full, because the cells multiply, it must be divided into other plates so 

the cells can continue to multiply.  T175s are used for these cells and must stay around 20 

mL.  In order to passage, the following steps must be followed.  This was done starting 

with two T175s. 

1. Warm chemicals in a bath to 37 C (same as the cells are stored in) 

a. TC – medium, food 

b. 1XPBS – buffer 
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c. Trypsin – serene protease 

2. Wash cells with 1XPBS because the cells are stored in TC medium.  The 

medium must be removed from the cells because it will prohibit trypsin’s action.  

The amount of 1XPBS added does not matter as long as it covers the plate.  After 

adding the 1XPBS, aspirate all fluids out of the plate. 

3. Add 5mL of trypsin to the plates.  When stored over time, the cells use proteins to 

attach themselves to the plates and must be separated from the plates for 

passaging.  In order for trypsin to work, it must be at the same temperature as the 

cells. 

4. Put plates in an incubator for 3 minutes to 3 minutes 30 seconds at 37 C. 

5. Take the plates out of the incubator and make sure the cells have been separated 

from the plates and add 5mL (must be the same volume as that of trypsin) of TC 

to dilute the trypsin.  Now that the trypsin has detached the cells from the plate, it 

is not wanted to keep reacting with the cells. 

6. Take out the solution in both plates and put into a vial. 

7. Put the vial in a centrifuge, which will separate the trypsin- TC solution from the 

cells.  The cells will stay on the bottom of the vial while the solution will rest 

above them. 

8. Aspirate trypsin- TC solution from the vial. 

9. Add 40mL of TC media to the vial and mix around. 

10. Add 10 mL of TC to each new plate. 

11. Add 10 mL of cell- TC solution to each plate and store in an incubator for further 

passaging. 
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Infection of the immortalized cells. 

 Using the remaining cell- TC solution of passage 21, immortalized beta cells 

were transferred to three six well plates containing 1,250,000 cells per well; to be 

infected as shown below. 

 

 

 

 

Using a virus carrying the siRNA EY202, 150 plaque-forming units were inserted into 

the proper wells.  A scrambled virus was used as the control and one plate was left 

uninfected. 

 

RNA extraction. 

 After the infections went through their appropriate times, RNA was extracted 

from the infected beta cells using the QIAGEN RNeasy Mini Kit.  The RNA is extracted 

for the eventual goal of doing a real time polymerase chain (RT-PCR) reaction; high 

quality RNA will help achieve successful gene expressions. 

 

First Strand cDNA Synthesis 

 Once the RNA was obtained, it was then necessary to convert it to cDNA for the 

RT-PCR.  Using the Invitrogen SuperScript  III First-Strand Synthesis System for RT-

PCR, cDNA was converted from the extracted RNA. 

 

= Scrambled Virus = EY202 Virus 

24 Hours 48 Hours 72 Hours Uninfected 
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Real time polymerase chain reaction to test EY202 efficiency, glucagons levels, ghrelin 

levels, insulin 1 levels and insulin 2 levels. 

 An RT-PCR was first run to test for the levels of Nkx2.2 after the beta cells were 

infected with a virus carrying siRNA EY202. Once EY202 was deemed an efficient 

siRNA for the research, RT-PCR was conducted to measure the levels of insulin 1, 

insulin 2 glucagon, and ghrlelin in the beta cells after Nkx2.2 knockdown. 

 

Analyzation of real time polymerase chain reaction results. 

 The RT-PCR date was analyzed and then made into charts using Microsoft Excel. 

 

Results 

EY202 is an efficient siRNA 

 To first determine whether or not the siRNA EY202 would be efficient for the 

experiments, tests were run to see the levels of Nkx2.2 in beta cells infected with a virus 

carrying EY202, after 24 hours, 48 hours, and 72 hours; a scrambled virus was used as a 

control.  As shown in figure 1, after 24 hours Nkx2.2 levels were at 71%; after 48 hours 

Nkx2.2 levels were at 66%; and after 72 hours Nkx2.2 levels were down at 31%.  EY202 

was proven to be an efficient siRNA for the experiment. 
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Levels of Glucagon after infection increased 

 After EY202 was deemed an efficient siRNA, it was carried in a virus into the 

immortalized beta cells.  When the cells were analyzed with RT-PCR, it was found that 

levels of glucagon predominantly increased above that of an uninfected cell as levels of 

Nkx2.2 decreased.  A scrambled virus was used as a control in the infections and 

cyclophilin b was used in the RT-PCR.  As shown in figure 3, after 24 hours, 91.4% of 

glucagon remained; after 48 hours, 103.9% remained; and after 72 hours, 138.2% 

remained. 

 

 

 

 

Figure 1: Data table of the remaining Nkx2.2 after being infected with a virus carrying EY202 after 

24h, 48h, and 72h, as compared to the scrambled virus control. 
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Figure 3: Remaining percentage of glucagon after being infected with a virus 

carrying siRNA EY202 and a scrambled virus, after 24 hours, 48 hours, and 72 

hours.  

Figure 2: Glucagon levels after being infected with a virus carrying siRNA 

EY202 and a scrambled virus, after 24 hours, 48 hours, and 72 hours.  
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Levels of Ghrelin after infection increased. 

The RT-PCR also found that levels of ghrelin predominantly increased above that 

of an uninfected cell as levels of Nkx2.2 decreased.  A scrambled virus was used as a 

control in the infections and cyclophilin b was used in the RT-PCR.  As shown in figure 

5, after 24 hours 30.6% of ghrelin remained; after 48 hours, 41.2% remained; and after 72 

hours, 32.7% remained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Ghrelin levels after being infected with a virus carrying siRNA 

EY202 and a scrambled virus, after 24 hours, 48 hours, and 72 hours.  

Figure 5: Remaining percentage of ghrelin after being infected with a virus 

carrying siRNA EY202 and a scrambled virus, after 24 hours, 48 hours, and 72 

hours.  
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Levels of insulin 1 and insulin 2 after infections decreased 

 The most important role of a beta cell is to produce insulin for the body.  The RT-

PCR found that levels of insulin 1 and insulin 2 predominantly decreased below that of 

an uninfected cell as levels of Nkx2.2 decreased.  A scrambled virus was used as a 

control in the infections and cyclophilin b was used in the RT-PCR.  As shown in figure 8 

and 9, after 24 hours, 185.6% of insulin 1 remained and 344.9% or insulin 2 remained; 

after 48 hours 69.2% of insulin 1 remained and 74.8% of insulin 2 remained; and after 72 

hours 67.3% of insulin 1 remained and 46.3% of insulin 2 remained.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Insulin 1 

levels after being 

infected with a virus 

carrying siRNA 

EY202 and a 

scrambled virus, 

after 24 hours, 48 

hours, and 72 hours.  

Figure 7: Remaining 

percentage of Insulin 

1 after being 

infected with a virus 

carrying siRNA 

EY202 and a 

scrambled virus, 

after 24 hours, 48 

hours, and 72 hours.  
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Figure 8: Insulin 2 levels after being infected with a virus carrying siRNA EY202 and a 

scrambled virus, after 24 hours, 48 hours, and 72 hours.  

Figure 9: Remaining percentage of insulin 2 after being infected with a virus carrying siRNA 

EY202 and a scrambled virus, after 24 hours, 48 hours, and 72 hours.  
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Discussion 

 This research sought to first determine whether or not EY202 is an efficient 

siRNA to knock down the levels of the homeodomain-containing transcription factor 

Nkx2.2 in immortalized beta cells.  The results of the RT-PCR showed that Nkx2.2 levels 

did drop significantly when being infected with a virus containing EY202.  This made it 

possible to go forward with the experiment and determine whether or not Nkx2.2 is 

necessary for maintaining beta cell identity.  This goes under the scientific assumption 

that insulin production defines a beta cell. 

 Once EY202 was deemed an efficient siRNA, it was carried by a virus into the 

immortalized cells to react for 24 hours, 48 hours, and 72 hours.  The RT-PCRs showed 

that when Nkx2.2 levels were knocked down within the cells, levels of glucagon and 

ghrelin increased to those above the uninfected cells.  This showed that the beta cells 

were already losing part of their identity.  Next the RT-PCRs revealed that insulin 1 and 

insulin 2 levels were predominantly decreasing below the levels of an uninfected cell.  

Therefore proving that when Nkx2.2 levels are knocked down within immortalized beta 

cells, they begin to lose their identity. 

 Without proper levels of Nkx2.2 the cells begin to overproduce glucagon and 

ghrelin, two hormones already produced by two other cells in the body, the alpha and 

epsilon. A beta cell should not be producing high quantities of these hormones.  Along 

with overproducing these hormones, the beta cells under produced insulin 1 and insulin 2.  

This research proves that Nkx2.2 is necessary for maintaining beta cell identity.  Within 

the body beta cells are necessary to produce insulin in order to help regulate glucose 

homeostasis.  When a beta cell malfunctions severely or is destroyed, diabetes forms.  
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This research shows that on possibility of malfunctioning beta cells is an absence or low 

quantities of Nkx2.2 in the body 

 

Conclusion 

This research has opened many pathways to further studies with Nkx2.2.  There 

are many different siRNAs currently being tested in the field.  EY202 was one of the 

many and has now been deemed an efficient siRNA, which will further help the research 

on the various other siRNAs.  This leaves room for further research such as combining 

more than one of the efficient siRNAs to create a better, more efficient one.  With these 

combinations, more testing can be done to determine the molecular functions of Nkx2.2. 

 Many people do not realize that diabetes is an epidemic in this country and before 

it grows to an even larger one, something needs to be done about it.  Another thing many 

do not realize is that before it can be cured, research needs to be done on the early stages 

of pancreatic development, especially that of beta cell differentiation.  Not much is 

known on how a beta cell is formed, but this research, along with other experiments, has 

shown how a beta cell is not formed. 
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