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Insulin is a very important hormone that controls the body’s blood sugar levels. Deficiencies and 
dysregulation of its action are the underlying cause of diabetes. Insulin is produced within the pancreatic 
B-cells and released into the bloodstream in response to increasing blood sugar levels. Its activity requires 
the insertion of disulfide bonds which is accomplished by a family of enzymes known as protein disulfide 
isomerases (PDIs). Another protein, peroxiredoxin 4, is also involved in this process. Like the other 
peroxiredoxins, peroxiredoxin 4 detoxifies hydrogen peroxide, however it is unique in that it is localized to 
the endoplasmic reticulum (ER) of a cell where protein folding and modification occurs. It is thought that 
peroxiredoxin 4 uses the hydrogen peroxide generated within the ER in order to create disulfide bonds in 
PDIs which can then refold proteins such as insulin and in doing so neutralises the potentially toxic 
hydrogen peroxide. If this is the case, then insulin secretion would be expected to decrease in the absence 
of peroxiredoxin 4. I aimed to test this hypothesis.  
 
To do this I performed a number of experiments on mouse pancreatic cells that I had been growing in cell 
culture.  Cells were treated under different conditions to test the effects of glucose, hydrogen peroxide, 
and ER activity. At various timepoints (range from 0 to 24 hours) the media was collected and the cells 
harvested. The main outcomes for each experiment were the amount of insulin that had been secreted, 
and the amount and oxidation status of peroxiredoxin 4. The insulin was quantified using an antibody 
ELISA based method and peroxiredoxin 4 was analysed by western blotting and subsequent densitometry. 
 
The main results are summarized as follows: 

• Effect of glucose deprivation: When the cells were cultured in a media that lacks glucose, the total 
amount of insulin produced decreased (as expected) compared to cells grown with 5mM glucose. 
The rate of insulin secretion gradually slows down over the 24 hours. This is coupled with a 
decrease in the expression levels of peroxiredoxin 4. This favours an association between insulin 
production and Peroxiredoxin 4 levels. 

• Effect of glucose stimulation: When the cells are cultured in media with increasing concentrations 
of glucose (5 – 25mM) the amount of insulin produced increases (as expected). Peroxiredoxin 4 can 
be present in cells in a dimerised form but dimers can also stack together to form larger decamers 
(ten units combined). It appears that with increasing glucose concentrations the larger units are 
favoured, especially after 24 hours. At this stage, it is unknown if the total amount of peroxiredoxin 
4 is altered.  

• Effect of Hydrogen Peroxide: When cells are treated with hydrogen peroxide, there is partial 
retention of insulin inside the cell compared to untreated.  It is unknown if this is due to less 
synthesis, less secretion, or some other unknown factor. It was expected that excess hydrogen 
peroxide would cause the peroxiredoxin 4 to become hyperoxidised (and inactivated) which may 
impair insulin production. However, the results from the western actually showed that there was 
less of the hyperoxidised from of peroxiredoxin 4 in cells treated with hydrogen peroxide. This was 
an interesting finding that will require follow-up research. 

• Effect of ER stress:  Inducing ER stress involves adding chemicals that inhibit ER function. This can 
have either of two outcomes. A) The ER has to work harder in order for the cell to continue 
functioning or B) The cell can not overcome the inhibition and subsequently dies. DTT is a reagent 
that breaks all the disulfide bonds within the ER. It was expected that this would therefore reduce 



insulin secretion, as insulin molecules would require refolding. At high levels above 100μM, DTT 
was toxic and cells became unviable. However, since DTT is still present in the media, it seems that 
it makes the ELISA unreliable so results at this stage are inconclusive. An alternative way of 
analyzing results is being investigated.   

 
It was hoped that these experiments above would be repeated in cells that lack functioning peroxiredoxin 
4. However due to time restraints, a functional knockdown model was not successfully established in time 
for the experiments to be performed. However the parameters have been identified so these experiments 
can be performed once such a model is ready. If the hypothesis is true, then it would be expected that 
Insulin levels would be reduced in the knockdown when compared to normal cells, especially when 
stimulated by glucose. They would also be more susceptible to ER stressors so fewer cells would be 
expected to survive.  
 
In summary, a number of experiments were performed during the time of the studentship. The results, 
especially from glucose deprivation and glucose challenges, tend to point towards an association between 
peroxiredoxin 4 and insulin secretion levels. However in order to fully answer our questions, the same 
experiments need to be repeated once a knockdown model is successfully established. 
 
 
 
 
 
 
 


