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Abstract  

Cancer has been found not only to be a disease of genetic mutations, but also a metabolic state by 
which insulin and glucagon has an impact on cancer cells. Pancreatic adenocarcinoma (PDAC) is a highly 
lethal cancer with high risk of recurrence of cancer cells after cancer therapy treatment with a worse 
outcome. Healthy individuals are reported to have imbalance of blood glucose homeostasis, and an 
imbalance between secreted insulin and glucagon, which contribute to diabetes onset and might 
create a new complex between human insulin and glucagon. An increased risk of developing cancer 
has been seen in patients with type 1 diabetes mellitus (T1D) and type 2 diabetes mellitus (T2D). 
Investigations were done on human insulin and glucagon and its formation into a new complex. 
Pancreatic cancer cell lines, Panc-1, were treated with these different peptides, in different 
concentrations, to find out the impact on cell viability. Lactate-Glo Assay were performed, investigating 
if there was a change of metabolism within the cells. A complex formation of insulin and glucagon from 
bovine and porcine, receptively, has previously been shown. Here it is reported of the existence of a 
new insulin-glucagon (I-G) complex made from human peptides. The I-G complex increase cancer cell 
viability, change the metabolism within the cells and act differently than from insulin and glucagon 
alone. The I-G complex interaction in cancer and diabetes, are to be further investigated.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



  

Popular scientific summary 

Cancer has long been known to be caused by multiple gene mutations which after several years change 
the DNA expression which makes it possible for cancer cells to eventually arise. Pancreatic cancers are 
located at the pancreas and one of them are Pancreatic Adenocarcinoma, PDAC. It has a bad prognosis. 
With only 7 % of patients still alive after five years. Most of the patients die during the first year after 
diagnosis. 

Despite treatment with surgery and traditional cancer therapy treatment, it is found that some cancer 
cells will remain after the treatment and will start to grow and spread again, which contributes to the 
lethal outcome. Most patients have metastasis at diagnosis and cannot have surgery. More recent 
research show that cancer cells can spread rapidly with different hormones present within the body.  
 
A lifestyle of stress, different diets and infections contribute to imbalance in the blood glucose 
homeostasis within the body. The blood glucose will be regulated within the pancreas by two specific 
hormones, insulin and glucagon. These hormones will be secreted inside the pancreas and via blood 
vessels transported outside the pancreas. 
 
When the blood glucose concentrations are high. Glucose molecules will attach to the surface of the 
beta cells. The beta cells sense the increased plasma levels of glucose who enters the beta cell via the 
channel called Glucose transport protein 2 (GLUT 2) and start glycolysis. During elevated glucose 
concentration, the enzyme Glucokinase, instead of Hexokinase, will convert glucose into glucose-6-
phosphate in glycolysis. Glycolysis goes via pyruvate dehydrogenase reaction into the citric acid cycle 
and into the mitochondrial phosphorylation (MOP) where adenosine triphosphate (ATP) is produced. 
Increased ATP activates ATP sensitive potassium channels (KATP-channels) which increases potassium 
(K+) levels within the beta cell. This leads to a membrane depolarization and increased Ca2+ influx. 
Causing the nucleus and endoplasmic reticulum (ER) synthesis of pre-proinsulin which consist of the 
A-, B-chain, a Connecting (C)-peptide and a signal sequence. The signal sequence is cleaved of and pre-
proinsulin turns into proinsulin. In the next step, C-peptide is cleaved of and insulin is formed with its 
A- and B-chain. Insulin efflux into the blood stream via both a constitutive pathway and a regulated 
pathway. Insulin released from the beta cell will then bind to its receptor on the cell, which will trigger 
the pathway activity of many protein cascades. GLUT 4 is one that is activated and influx glucose into 
the cells which activates glycolysis. Basal glucose concentrations can also enter the cell via GLUT 1, and 
glucose can thereby also enter the cell without insulin but not to the same extent as when insulin is 
present. 
 
When blood glucose concentrations are low, alpha cells will produce glucagon. Low glucose 
concentrations will enter alpha cells by GLUT 1. Intake of glucose activates glycolysis which generate 
ATP in the mitochondria of alpha cells. Thereby the concentrations of blood glucose reflect the amount 
of intracellular ATP produced. Low glucose concentration generates low ATP which leads to closure of 
ATP sensitive potassium channels (KATP-channels) and the influx of potassium (K+) is reduced. This 
causes a polarization of the cell membrane which opens sodium (Na+) channels and sodium (Na+) influx 
the cell.  This leads to opening of Ca2+ voltage dependent channels and Ca2+ influx, leading to increased 
intracellular levels of Ca2+. Increased intracellular Ca2+ levels are the primary trigger for exocytosis of 
glucagon. Glucagon first exists as a proglucagon together with other amino acids and are then cleaved 
of into glucagon. After exocytosis, glucagon will bind to the glucagon receptor on the cells. Which 
makes stored glycogen converted into glucose molecules that are released into blood stream in 
glycogenolysis. When the storage of glycogen is empty, new glucose will be produced via 
gluconeogenesis. By glycogenolysis and gluconeogenesis glucagon makes sure the glucose regulation 
is kept and that the glucose levels do not decrease, causing to low blood glucose concentrations and 
severe hypoglycemia.  



  

An imbalance between these two hormones can give rise to different diseases called diabetes. There 
are different variants of diabetes. Two of them are known as Type 1 diabetes mellitus and Type 2 
diabetes mellitus. In type 1 diabetes, the immune system reacts at “something”, that is still unknown, 
which trigger an immune response who cause the immune system to start an attack on the beta cells, 
which will be destroyed. The alpha cells increase the secretion of more glucagon than needed in the 
onset of this disease. Type 2 diabetes is associated with lifestyle habits, insulin resistance and obesity. 
Also reported with increased glucagon secretion. Patients with diabetes has an increased risk of 
developing cancers than others.  

The link between cancer and diabetes is not fully understood. Increased amount of glucose, insulin 
and glucagon is found in previously studies to increase the health of cancer cells which increase the 
risk of cell spread. In this study different experiments were performed to investigate the possibility of 
a new complex between Insulin and Glucagon, the I-G complex, to be formed.  

Cancer cells were then treated with insulin, glucagon and this I-G complex in different concentration 
to find out if the health of cancer cells were affected. Cell viability within cancer cells were found to be 
increased in all different concentrations for insulin. Glucagon was found to increase the viability of 
cancer cells in the higher concentrations, while the I-G complex increased the health of cancer cells at 
the lower concentrations and not at the same extent in higher concentrations.  

When extracellular lactate is increased it indicates that the cancer cells use more glucose for the 
metabolism which is in favor for the cancer cell and the cell spread but worse for the patient. Insulin 
and glucagon decreased lactate concentrations, while the I-G complex showed a nonsignificant trend 
of increase lactate concentrations, thereby indicating a changed metabolism of the cancer cell. 

Further investigations are needed to find out if this I-G complex exist in the human body and its 
contribution to cancer. This might, to the society, be a new insight of something new that contributes 
as a link between diabetes and cancers.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 
List of abbreviations 

ADP Adenosine diphosphate  

ATP  Adenosine triphosphate  

C-peptide Connecting Peptide 

ER Endoplasmic reticulum 

GLUT Glucose transport protein 

HIF-1 Hypoxia-inducible factor 1 

I-G  Insulin-Glucagon 

IGF-1 Insulin-like growth factor-1  

IGFBP Insulin-like growth factor binding protein 

KATP-channels ATP sensitive potassium channels 

LDH  Lactate dehydrogenase  

MOP Mitochondrial oxidative phosphorylation  

MTS 3-(4,5-dimethyltiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium 

NAD+ Nicotinamide adenine dinucleotide 

NADH Nicotinamide adenine dinucleotide hydride 

NaOH Natrium hydroxide 

Panc-1 Pancreatic cancer cell line 

PDAC Pancreatic Ductal Adenocarcinoma 

SE Standard Error 

S-Insulin Serum Insulin 

T1D Type 1 diabetes mellitus 

T2D Type 2 diabetes mellitus 
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Introduction  

It has long been accepted that cancer is a genetic disease. Multiple gene mutations over a long period 
of time leads to cancer diagnosis. However, new findings have opened to investigate cancer as a 
metabolic disease, influenced by hormones that regulates glucose metabolism within the body. In this 
project experiments related to metabolic interaction and its effects of cell viability and metabolism in 
pancreatic cancer cells, PANC-1, will be illustrated.  

Pancreatic Ductal Adenocarcinoma  

Pancreatic Ductal Adenocarcinoma (PDAC) is a cancer form that is located the pancreas within the cells 
that are involved in releasing enzymes into the intestines. PDAC represents 90 % of all cancers within 
the pancreas (Miller et al. 2016). This cancer form is aggressive and highly lethal with only 20 % still 
alive after one year with the disease (Mayo et al. 2012) and only 7 % still alive five year after diagnosis 
(Miller et al. 2016). 

During 20th century, PDAC is predicted to be the second-leading cause of cancer mortality (Corbo, 
Tortora & Scarpa 2012). Surgical resection and systemic therapy are the main ways to target and treat 
PDAC (Wolfgang et al. 2013). However, the hope of being able to cure widespread disease with a single 
targeted treatment is low. The majority of cancer cells die from cancer therapy, but due to several 
factors there will always be some cancer cells remaining who repopulate and thereby increase the 
progression of cancer disease into a mortal state (Sham & Durand 1999). So even in PDAC, where the 
most common mortality reason is found to be the early metastasis and recurrence of cancer cells 
(Parikh et al. 2016). 

Diabetes 

It has been shown that patients with diabetes have an increased risk of developing cancers (Carstensen 
et al. 2016). Hyperglycemia and hyperinsulinemia are suggested to have a cause in cancers. An overall 
increased risk of cancers development in the pancreas and in the liver is found in patients with diabetes 
which are possibly caused by insulin. Suggested due to that insulin travels via the liver after secretion 
from pancreatic beta cells (Giovannucci et al. 2010). It has been reported that diabetes significantly 
increase mortality in patients with cancer (Barone et al. 2008). Although, the possible link between 
diabetes and cancers are incompletely understood.  

Insulin 

Insulin is an anabolic peptide hormone that are produced within the pancreatic beta cells. It has two 
chains, the A-chain consists of 21 amino acids and the B-chain consist of 30 amino acids. They are 
attached together by two disulfide bonds (Fu, Gilbert & Liu 2013). Insulin regulates carbohydrates, fat 
and protein by satisfying the liver, muscle and skeletal muscle with glucose.  

An elevated blood glucose level will release insulin from the beta cells bind to insulin receptor and in 
turn trigger the pathway activity of many protein cascades. Glucose transport protein 4 (GLUT 4) is one 
of the activated proteins and will transport glucose into the cells. This activates glycolysis (Koeslag, 
Saunders & Terblanche 2003; Newsholme & Dimitriadis 2001). Glucose can then be converted either 
into glycogen via glycogenesis or stored as triglycerides via lipogenesis (Dimitriadis et al. 2011; 
Newsholme & Dimitriadis 2001). High concentrations of insulin will inhibit lipolysis and store glucose 
as triglycerides, by increasing the esterification of fatty acids and thereby produce more triglycerides  
(Dimitriadis et al. 2011). Insulin is also an anabolic hormone since it activates protein synthesis while 
creating small molecules outside the cell into larger molecules inside the cell (Koeslag, Saunders & 
Terblanche 2003). Despite insulin regulating metabolism and glycolysis, insulin also regulates cell 
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survival, proliferation and growth. Insulin signal pathways has been found to be involved in the 
progression of cancer (Beauchamp et al. 2010; Chan et al. 2014; Ding et al. 2000).  

Insulin binds to and activates both the insulin receptors and the growth hormone insulin-like growth 
factor-1 receptor (IGF-1) (Baxter 2000; Moschos & Mantzoros 2002). Insulin also regulates the IGF-1 
binding proteins (IGFBP) and specifically regulates IGFBP-1 and IGFBP-2. IGFBP are supposed to bind 
to and control IGF-1. By decreasing the IGFBP the IGF-1 will be able to increase (Beauchamp et al. 
2010). In cancer cells the level of expressed insulin receptors and IGF-1 receptors is related to the 
outcome of cancer. Binding to these receptors on the cancer cells has been reported to increase cell 
proliferation and tumor growth (Sachdev 2008; Sachdev & Yee 2007).  

Glucagon 

Glucagon, like insulin, is produced in the pancreas but within the alpha cells. Glucagon consists of 29 
amino acids. In the opposite way of insulin, glucagon is responsible for raising blood glucose 
concentrations.  

When blood glucose concentrations are low, alpha cells start to secrete glucagon. Glucagon binds to 
the glucagon receptor on the plasma membrane of liver cells. Which converts stored glycogen into 
glucose molecules which are released into the blood stream in a process called glycogenolysis. When 
the glycogen storage is empty the liver will start producing new glucose via gluconeogenesis 
(Liljenquist et al. 1974; Pohl, Birnbaumer & Rodbell 1969; Robles-Flores et al. 1995; Yu et al. 2019). By 
glycogenolysis and gluconeogenesis glucagon makes sure that the glucose regulation is kept and that 
the glucose levels are not to reduced causing severe hypoglycemia.  

Except glucose regulation, glucagon also decreases the synthesis of fatty acids within the liver and in 
adipose tissue and stimulates lipolysis and triggers the release of  fatty acids into the blood stream 
(Habegger et al. 2010). Glucagon is also reported to achieve and maintain weight loss and reverse diet 
induced obesity due to decreased hunger and slower gastric emptying (de Castro, Paullin & DeLugas 
1978; SCHULMAN et al. 1957). Secretion of glucagon is suppressed and regulated by amylin which is 
another hormone of the pancreas that is co-released together with insulin from the beta-cells (Zhang 
et al. 2016). Insulin thereby indirect inhibit glucagon secretion.  

In contrast to insulin, glucagon turns off glycolysis and inhibit cell proliferation (Xu et al. 2006). 
Glucagon is found to decrease cell viability of cancer cells (Ding et al. 2000; Ravussin et al. 2015; 
Renehan et al. 2004; Walford et al. 2002) and in higher concentrations increase cell viability (Ding et 
al. 2000; Yagi et al. 2018). 

Blood glucose homeostasis imbalance 

The inhibition and stimulation of insulin and glucagon and which one of them that are to be secreted 
is regulated through several different signal pathways involving, among others, the K+

 channels, ATP, 
Ca2+ and gene expression (Franklin et al. 2005; Kaneko et al. 1999; Philippe, Morel & Cordier-Bussat 
1995). 

In normal conditions within the body, increased plasma glucose concentrations stimulate insulin 
secretion from beta cells and decreased plasma glucose concentrations stimulates glucagon secretion 
from alpha cells within the pancreas. Hyperglycemia thereby normally inhibit glucagon secretion 
(Gromada, Franklin & Wollheim 2007).  

Conversely, it has been reported that glucagon can be secreted during events of hyperglycemia in 
healthy individuals (Harp, Yancopoulos & Gromada 2016; Jones, Tan & Bloom 2012; Müller, TD et al. 
2017). It has also been reported that glucagon can be secreted at the same time as hyperinsulinemia 
while euglycemia exists at the same time (Jamison et al. 2011). It has also been reported that 
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decreased ATP levels in alpha cells increases the secretion of glucagon both in moderate and high 
glucose levels (Knudsen et al. 2019).  

Abnormalities in the beta and alpha cells lead to failure in maintaining blood glucose levels normal 
which can contribute to the onset of diabetes (Dunning, Foley & Ahrén 2005).  In diabetes, both T1D 
and T2D, glucagon is dysregulated, with both an increase and decrease reported resulting in a poor 
glucose control (Knop, Filip K. et al. 2012). Hyperglycemia is normally seen in patients with diabetes 
due to the imbalance of beta- and alpha cells and the effect on the liver glucose output (Dunning, Foley 
& Ahrén 2005).  

In healthy individuals going through stress and trauma, stress induced hyperglycemia has been 
reported to cause an extreme secretion of glucagon. As much as five times increased glucagon 
secretion with high blood glucose concentrations at the same time has been reported (Jones, Tan & 
Bloom 2012; Meguid, Aun & Soeldner 1978). This is also suggested to have a cause for the relevant 
insulin deficiency the patient experience during an abnormal stress situation (Jones, Tan & Bloom 
2012). Stress cause insulin deficiency which also lead to increased insulin demand which increases the 
burden of ER to produce and secrete more insulin (Sepa et al. 2005).  

Infections are also reported to contribute to hyperglucagonemia in healthy individuals (Lou et al. 2004) 
while hyperglycemia also is present during infections (Butler, Btaiche & Alaniz 2005) with reduced 
insulin production compared to glucose levels (Francesco et al. 2007).  

Insulin and glucagon are not supposed to be secreted simultaneously, but in some cases, they can be 
with an increased secretion of glucagon, while there is no change in blood glucose levels, Connecting 
peptide (C-peptide) or Serum Insulin (S-Insulin) (Aalinkeel et al. 1999).  

Cell metabolism  

Normal cells use 30 % of the energy source from glycolysis while cancer cells rely on glycolysis to 
producing energy (Seyfried & Shelton 2010). Normal cells use glycolysis and breaks down glucose into 
pyruvate which enters citric acid cycle and produce nicotinamide adenine dinucleotide hydride (NADH) 
who enters the mitochondrial oxidative phosphorylation (MOP) and produce ATP as energy. Without 
oxygen pyruvate will be converted into lactate by converting NADH to nicotinamide adenine 
dinucleotide (NAD+) for the glycolysis.  

In cancer cells the ratio is reduced between MOP and anaerobic fermentation (Balinsky et al. 1973; 
Hammond & Balinsky 1978; Taketa et al. 1988). Hypoxia will affect the cancer cells (Denko 2008) and 
Hypoxia-inducible factor 1 (HIF-1) is important in regulating the cellular oxygen homeostasis which also 
are upregulated in PDAC (Bobarykina et al. 2006). HIF-1 upregulates, among others, the enzyme 
Hexokinase which convert glucose into glucose- 6- phosphate in glycolysis. HIF-1 also upregulates 
pyruvate dehydrogenase Kinase 1 which inactivates pyruvate dehydrogenase complex which will 
inhibit the carboxylation of pyruvate and its entering into the citric acid cycle (Papandreou et al. 2006). 
HIF-1 also increase growth factors (Shinkaruk et al. 2003),  GLUT 1 and 4, which will lead to increased 
glucose influx into the cancer cells (Bobarykina et al. 2006).  

This metabolic “switch” used by cancer cells are known as the Warburg effect, which is when cancer 
cells use glycolysis to a higher extents of MOP (Levine & Puzio-Kuter 2010; WARBURG 1956). By 
increasing glycolysis and then produce lactic acid might be less efficient in the produced amount of 
ATP, but benefit the proliferating cancer cells (Vander Heiden, Cantley & Thompson 2009). In this way 
lactate will help the hypoxic cancer cells, and its surrounding cancer cells within the tumor, by 
converting lactate into pyruvate (Sonveaux et al. 2008).  

There is so far five steps that is reported as main steps for cancer cells to increase glucose exploitation 
for lactate production and lactate exchange within cancer cells and among cells (i) increased glucose 
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uptake (ii) increased expression and activity for glycolytic enzyme (iii) decreased function of the 
mitochondria (iv) increased lactate production and (v) upregulation of transporters for lactate 
exchange (San-Millán & Brooks 2017).  

Lactate production has been associated to be abnormal in both patients with cancers and diabetes.  
Normal plasma concentration of lactate is between 0.2-1.3 mM, and a cancer tumor cell can produce 
lactate concentrations up till 40 mM (Romero-Garcia et al. 2016).  

Reference values  

Blood glucose concentrations: In healthy individuals’, fasting levels, normal values range between 4-
6 mmol/L. Patients with diabetes, having more trouble balancing the blood glucose concentrations. 
The aim is to keep blood glucose concentrations between 4-7 mmol/L, the whole time (Marshall et al. 
2009). However, it is reported that 80 % of patients with diabetes fail with achieving this result 
(Castensøe-Seidenfaden et al. 2017), indicating that most patients with diabetes often have 
hyperglycemia present.  

Insulin: The normal range within human body of insulin is between 0.3-1.0 nmol/L which is the same 
numbers in nM concentrations. C-peptide range can help to differentiate between T1D and T2D. 
Patients having ≤ 0.02 nM is having less secreted insulin and is therefore seen in patients with T1D 
(Ludvigsson et al. 2012), which also can be higher, even after several years with the disease, dependent 
on age of diagnosis (Sorensen et al. 2012). Patients with C-peptide values above 1.0 nM have insulin 
resistance and above the normal C-peptide range and thereby seen in patients with T2D (Ludvigsson 
et al. 2012). Higher C-peptide value indicate higher insulin resistance and higher all-time mortality in 
individuals without diabetes (Hirai et al. 2008). 

Glucagon: Is measured in picomolar range and has been reported, with normal blood glucose levels of 
5 mmol/L, to have a basal secretion of glucagon concentration below 20 pmol/L (approximately 
70pg/ml) (Knop, F. K. et al. 2007). Fasting normal levels of glucagon has been set to 50-150 pg/ml 
(Cryer 2012). 100 pg/ml is the same as 0.02 nM of glucagon. 0.02 nM is the concentrations of glucagon 
in healthy individuals (Müller, TD et al. 2017). Fasting levels of glucagon is around 0.02 nM in people 
with diabetes. Hyperglucagonemia seen in patients with uncontrolled diabetes in both T1D and T2D 
can be as high as 0.3-1.5 nM (Adams, Miller & Seraphin 2005; Müller, WA, Faloona & Unger 1973). 

The aim and hypothesis of the study 

Since insulin and glucagon from porcine and bovine has been found to form into a new complex, the 
aim was to confirm that human insulin and glucagon could be formed into a new complex, which has 
never been shown with peptides from human before. Further find out this complex impact on 
pancreatic cancer cells and if insulin and glucagon as an I-G complex increase or decrease the cell 
viability and change the metabolism, compared to insulin and glucagon alone.  Find out if the complex 
would be anticancer or procancer. Insulin has been found to increase glycolysis and cell viability of 
cancer cells. Glucagon has been found to both increase and decrease cell viability dependent on 
concentrations. When adding the peptides together, as a complex, will the glycolysis be positively 
affected and thereby increase cell viability and lactate production? Since the complex might be present 
in patients with diabetes it might also contribute as an unknown impact on cancer cells.  
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Material and Methods 

Two different experiments were carried out to investigate if the complex of Insulin and Glucagon was 
created: pH titration and UV spectroscopy. 

PH titration 

Stock solution of insulin (#19278, human insulin solution, Sigma-Aldrich, UK) and glucagon 
(#Y0000191, human, Sigma-Aldrich, UK) 0.1 mg/ml were made. Insulin and glucagon were first diluted 
to 0.2 mg/ml, and then combined into a 1:1 mixture to a final concentration of 0.1 mg/ml solution 
mixed with deionized water to create the complex. Titration with 10 µl aliquots of 0.1 N NaOH into 1 
ml of each solution of insulin, glucagon and I-G complex while stirring the whole time were carried out. 
At least 15 minutes was passed between each titration of NaOH. Comparing the individual pH-values 
for insulin and glucagon alone and calculating the expected pH-values of I-G then compare it to the 
actual pH-values of the I-G complex. A difference between the expected I-G and actual I-G complex 
indicate that the I-G complex has formed and, instead of increase in pH, starts to buffer the titrated 
NaOH and create a steady state line.  

UV spectroscopy 

UV spectroscopy were then performed using 10 mm cuvettes on DS 11+ Spectrophotometer (DeNovix) 
for measuring absorbance of insulin, glucagon and the I-G complex. Calculation of the absorbed light 
of insulin and glucagon, one can estimate the probable value of absorbed light for the I-G complex. If 
there is a difference in the absorbed light there is formation of I-G complexes, and the absorbance line 
will be increased since more light is absorbed by the peptides in the cuvette that forms complex. Stock 
solutions of insulin and glucagon, 0.1 mg/ml mixed with autoclaved sterile H2O. Total volume of 1 ml 
in all insulin, glucagon and I-G in combination 50/50. Absorbance lines between 270-320 nm were 
performed for all individual peptides and for the I-G complex. According to insulin and glucagon, the 
expected curve line for I-G complex were calculated.  

A second experiment were performed investigating if the I-G complex could be formed if first created 
in water and then diluted into media. First, creating a stock solution of insulin and glucagon in 
autoclaved sterile water, 0.4 mg/ml. Then forming the complex by mixing the peptides 50:50 into 0.2 
mg/ml. Then mix 50:50 with Dulbecco Modified Eagle Medium- (DMEM) (#D5796, Sigma Aldrich, UK) 
into 0.1 mg/ml. Total volume of 1 ml of each peptide and the I-G complex. Absorbance lines between 
270-320 nm were performed for all individual peptides and the I-G complex. The expected Insulin and 
Glucagon absorbance values were calculated according to the measured Insulin and Glucagon. 

A final absorbance measurement was performed on the I-G complex investigating its formation in 
media only. Stock solution of insulin and glucagon were made into 0.2 mg/ml in - DMEM and then 
mixed into 0.1 mg/ml, 50:50. 1 ml of each peptide hormone and the I-G complex were measured for 
absorbance between 270-320 nm. 

Cell line and cell culture 

Commercially available cell line was used. They were adherent cells in cell culture originated from 
ductal cells (#87092802, Sigma-Aldrich, USA). DMEM were used as cell culture media, included 10 % 
fetal bovine serum (FBS) (#D5796, Sigma Aldrich, UK) and 1 % penicillin, streptomycin (Sigma Aldrich) 
and L- glutamine. The media contained glucose 4.5 g/L which is 25 mM. Too reach and maintain 
optimal cell growth, the cells were split into different flasks at 80 % confluence. 

When performing experiments media was removed, the cells were centrifuged, and cells counted.  All 
cells were incubated at 37°C and 5 % CO2. Change of growth media or passaging took place every third 
day. 
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Cell Viability 

A 3-(4,5-dimethyltiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) 
assay were performed to measure the cell viability of cancer cells. The CellTiter 96® Aqueous One 
Solution Cell Proliferation Assay-MTS (#G3582, Promega, USA) reagent consist of a tetrazolium 
compound. The cells use the mitochondria to metabolize this yellow tetrazolium salt to a purple 
formazan product in the mitochondria within the living cells. The amount formazan product measured 
in 490 nm absorbance is direct proportional to the amount of viable panc-1 cells in the culture. 
Performing the test by seeding into the 96-well plate, adding 100 µl media and 2.500 cells/well.  

Treatment/ Incubation  

The treatment started 24 hours after seeding, making time for the cells to adjust to the new 
environment. The plate was incubated at 37°C and 5 % CO2. Treatment followed every 24 hours for a 
total of 72 hour due to the peptide’s instability in media. The used concentrations of glucagon, insulin 
and the I-G complex were 0.001, 0.01, 0.1, 1, 10, 100 nM, respectively. The I-G complex were first 
diluted into autoclaved sterile water to a concentration of 0.2 mg/ml. Then adding 25 µl of each into 
an Eppendorf tube to a final solution of 0.1 mg/ml. Then diluting the complex solution into media and 
concentrations of 0.001, 0.01, 0.1, 1, 10 and 100 nM. Taking the stock solutions of insulin and glucagon 
and diluting it with media into the same concentrations as the complex. After 72 hours treatment, 20 
µl MTS were added into each well. After adding MTS, one hour incubation took place in 37 °C and 5 % 
CO2, before measuring the absorbance at 490 nm with the 96-well plate reader FLUOstar Omega (BMG 
Labtech). The results from each concentration, 6 plates, were then calculated in excel. Statistical 
significance between the three different treatments compared to each other were determined by 
SPSS, one-way ANOVA. 

Lactate-Glo™ Assay 

Lactate-Glo™ Assay (#J5021, Promega, USA) will indicate the concentrations of lactate. If lactate is 
increased so will also glycolysis be. The assay measures the enzymatic activity of Lactate via a chemical 
reaction, light energy will be released via Bioluminescence which is a form of chemiluminescence. 
Lactate dehydrogenase (LDH) will catalyze the oxidation reaction of lactate into pyruvate by the 
reduction of NAD+ to NADH. When NADH is present Reductase to Luciferin will convert the pro luciferin 
reductase substrate. In Luciferase reaction Luciferin will then be detected by using Ultra-GloTM 
Luciferase together with ATP that create the emission of light emission. The present signal of 
luminescent is proportional to the present lactate. Increased lactates indicate and increased glycolysis. 

Treatment  

2500 cells/well were seeded into a 96-well plate. Cells were treated for 72 h for each concentration in 
two different ways to treat. Seeded cells, after 24 h incubation cells were treated once and incubated 
for 72 h. Seeded cells, treated the cells with new media and new treatment every 24 h to find out the 
difference in lactate production when treated once and compare to cells treated three times. The I-G 
complex might be broken down in media, but if the media were changed it would be impossible to 
interpret the buildup of lactate more than 24 h. After 72 h treatment, remove 5 µl media and dilute in 
95 µl Phosphate Buffer Solution (PBS) (#7059, Sigma-Aldrich, USA). All samples were stored in the 
freezer at – 20°C until analysis. 

Prepare samples  

5 µl from the samples were diluted 10 times in PBS to a final volume of 50 µl. Then placed into a white 
96 well plate diluted to a final volume of 100 µl (2-fold dilution) with the Lactate reagent in 1:1 ratio. 
The use of a white 96-well plate was due to that it gives a maximum light reflection and increase the 
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luminescent signal. The plate was incubated in room temperature for 1 hour before the results were 
recorded by the 96-well plate reader FLUOstar Omega (BMG Labtech). 

A standard curve line was performed indicating the association between different lactate 
concentrations and the luminescence. The concentrations of the standard curve were 160, 80, 20, 10, 
5, 2.5, 1.25 µM. The concentrations of glucagon, insulin and the I-G complex at 0.1 and 1 nM was 
chosen. Buffer and Lactate reagent only act as control. Which was needed for background signal and 
calculation of the results of signal-to-signal ratio of the background.   

Statistical methods 

For the cell viability, normal distribution was assessed individually for each concentration. Mean and 
Standard Error (SE) were calculated for each concentration and represented in bars. Two tailed 
students T-Test was used, with a significance of 𝛼=0.05, to find out if to accept or reject the null 
hypothesis, which is that the I-G complex will increase cell viability and change metabolism. Results 
with p-value below 0.05 ( ≤ 0.05) were interpreted as statistically significant different compared to 
control. * Indicates statistical difference (P<0.05). Results less then ≤ 0.05 were marked with a single 
asterix (*). Results below ≤ 0.01 were marked with double asterix (**) and results less than ≤ 0.001 
were marked with triple asterix (***). Statistical significance between the three different treatments 
compared to each other were determined by SPSS, one-way ANOVA.  

For the Lactate- Glo Assay, normality could not be performed due to a small sample size of n=2. Due 
to expensive experiment, the test was only performed once. The SEM however, can be used to 
interpret data from small sample size and indicate if there is a difference between the concentrations 
(Cumming, Fidler & Vaux 2007). 
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Results 

PH-titration  

The pH titration reports I-G binding. The pH titrations show that when reaching pH around 7.00 the 
combination of the peptides start to buffer the titrated NaOH. Buffering occurs when a significant, 
reversible interaction of molecules takes place. The result of titrated NaOH shows that insulin and 
glucagon alone display an increased in pH. However, when a new complex is formed of insulin and 
glucagon the complex starts to buffer the added NaOH and stabilize the pH (figure 1). Buffering is a 
sign of binding (Root-Bernstein & Westall 1986). Eventually, the ions will interact in the water solution 
and the complex line will increase until it reaches the expected I-G complex curve line. That is why it 
slightly increases in line after the complex has formed.  

 

Figure 1. PH titrations of added NaOH and a clear binding of human insulin and glucagon into a new I-G complex. 
When the complex is formed it works as a buffer to the NaOH, which will not increase the pH compared to 
solutions without buffer, this indicates that a complex has formed. 

UV spectroscopy 

UV spectroscopy also showed I-G binding at 270-320 nm with a maximum increase in water of 290 nm 
and in media the maximum increased level was 300 nm. The I-G complex show that it can be formed 
in water (figure 2), H2O mixed with media (figure 3a) and be created in media directly (figure 3b). 
However, the I-G complex has a broader increase in wavelength of absorbance in water than in media. 
In H2O the complex is present at 270 nm and still exist at 320 nm with a peak increase at 290 nm. While 
the I-G complex first made in H20 and then media, has the highest absorbance value of them all at 300 
nm.  
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Figure 2. The I-G complex created in H2O shows a clear increase in absorbance compared to insulin and glucagon 
alone and the expected l-G. This indicates that a new complex between the two peptides has formed which is 
mostly seen at 290 nm. 

 

  

Figure 3.  The I-G Complex first created in H2O and then diluted in media (a) and the I-G complex created directly 
in media (b). Both complexes are present with a clear increase at 300 nm. This indicates that the I-G complex can 
form either in; water first and later added into media, but it can also form a complex directly in media. 

Cell Viability  

The results of the cell viability assay (figure 4) report a significantly increase of cell viability treatment 
with all concentrations of insulin. Concentrations seen in both T1D and T2D as well as in healthy 
individuals, which is further discussed in the discussion part. Glucagon reports a significantly increase 
of cell viability treatment with 1 nM, which is seen in patients with T1D or T2D with uncontrolled blood 
glucose regulation and during ketoacidosis. There is also a significantly increase of cell viability for 
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treatment with 0.01 nM glucagon, which is to be found in healthy individuals. While the other 
concentrations of Glucagon (0.001 nM and 0.1 nM) report no statistical significance difference of cell 
viability. The I-G complex, report significantly increase of cell viability treatment at all concentrations 
(0.001, 0.01, 0.1, 1, 100 nM) except 10 nM. Since the concentrations of the complex is calculated 
according to insulin. The lowest concentrations at 0.01 and 0.1 nM might be found in patients with 
T1D and 1 nM might be found in patients with T2D. 

 

 

Figure 4. Cell viability of panc-1 cells. Showing the mean after 72 hours treatment with different concentrations 
of Glucagon (yellow), Insulin (blue) and the I-G complex (red) compared to control (orange). Bars represents 
mean value. Error bars showing S.D., n = 6. Statistical T-Test were performed reporting a statistical significance 
of difference in mean values compared to control: *p ≤ 0.05, **p ≤ 0.01 and *** p ≤ 0.001. Each concentrations 
exact p-value is to be found in Appendix A, table 1. Statistical significance between the three different treatments 
compared to each other were determined by one-way ANOVA. No significant difference between Glucagon, 
Insulin and the I-G complex were reported.  

Lactate-Glo™ Assay 

Cells treated once and cells treated three times report a decrease of insulin and glucagon in lactate 
production compared to its respective control. Although cells with three treatment is more decreased 
in both peptides and control than seen in once treatment cells. Although the difference between 
control and peptides are larger in cells treated once. Both insulin and glucagon are reported to 
decrease lactate production in both concentrations and both treatments. Although, the I-G complex 
tend to increase in the opposite way of insulin and glucagon alone. The I-G complex increase but is still 
decreased from its control in cells treated once while cells treated three times is at the same level of 
control. The main finding is that the I-G complex results is the opposite from insulin and glucagon alone 
(figure 5). 
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Figure 5. Lactate production of Panc-1, cancer cells, after treatment with glucagon, insulin and the I-G complex 
for one (24 h) treatment or three (72 h) treatments. The bars represent mean value of treated cells compared to 
the untreated. N=2. The results are normalized to the result of the mean of MTS + SEM.  
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Discussion 

This project clearly shows that insulin and glucagon forms into a new I-G complex. Both the pH titration 
and the UV spectroscopy report positive results of the complex binding. In the pH titration there is a 
slightly increase of pH which is due to that the ions within the specific water starts to interact with the 
complex and eventually if the titrations would have continued the ions would cause the line to end up 
with the expected I-G values. However, the buffering effect of the I-G complex appears directly after 
one titration and the pH values are distinctly different from the expected I-G pH value, indicating a 
buffering of the newly formed I-G complex which is a sign of complex binding (Root-Bernstein & 
Westall 1986).  

Since the I-G complex were supposed to be used for treatment of Panc-1 cells it was important to 
further investigate the binding of the complex in both water and in media. They all show a clear I-G 
complex formation. The absorbance is increased at wavelength of 290 nm in water and slightly moved 
to highest absorbance of wavelength 300 nm when media was added to the water as when the I-G 
complex was created directly in media.  

In a study performed by Root-Bernstein and Dobbelstein (2001) they investigated the I-G complex 
binding by performing the same experiments of pH titrations and UV spectroscopy, although, with 
different insulin and glucagon. They performed it with Bovine Insulin-Porcine Glucagon and on Porcine 
Insulin-Bovine glucagon. Their experiments also showed a clear I-G complex compared to the expected 
I-G. This indicate that insulin and glucagon from different species are also able to bind and form a new 
I-G complex.  

Root-Bernstein and Dobbelstein (2001) further investigated the I-G complex impact on immune system 
and the production of antibodies. Here they also used human ingredients, however not in a complex 
formation rather the immune system responds to it. Antibodies for insulin (rabbit, guinea, pig, mouse, 
recombinant human insulin and synthetic glucagon) were tested and showed a higher binding capacity 
for the I-G complex than for insulin alone. They found that the I-G complex trigger the immune system 
while insulin and glucagon alone did not trigger the immune system to the same extent. Suggesting 
that the immune system is triggered rather by the I-G complex itself.  

It has been suspected for a long time that insulin and glucagon can form into a new complex. Back in 
time, in 1920 insulin was found to be contaminated with glucagon (Schloot et al. 1997; Snorgaard et 
al. 1996; SUTHERLAND & CORI 1949). When glucagon first was isolated, it was also found to be 
contaminated with insulin (FOA & GALANSINO 1962; LEE, ELLIS & BROMER 1960). Already in 1922 
scientist suggested that insulin and glucagon must bind to each other (FOA & GALANSINO 1962).  

Because of the vascular system, the PDAC outside pancreas is highly exposed to hormones of insulin 
and glucagon and probably the I-G complex. Both increased secretion of insulin and glucagon from the 
pancreas has been reported in patients with diabetes as well as these hormones has been found to 
increase cancer cell viability and cell growth. These observations might suggest that the blood glucose 
homeostasis regulates both the metabolism and the secretion of the peptides within pancreas (Lifson 
et al. 1980). Indicating that these peptides might be involved in the differentiation and proliferation of 
PDAC.  

I-G complex is here for the first time investigated for its effect on cancer cells. Insulin and glucagon 
alone have been investigated in several different studies on both Panc-1 cell line and in other cancer 
cell lines (Chan et al. 2014; Ding et al. 2000; Renehan et al. 2004). Previously performed studies show 
that between 24-48 hours incubation time, there is less increase in cell viability of cells treated with 
insulin or glucagon. The change in cell viability appears after 48 hours which is also why the cells in this 
study were treated for 72 hours. The media of the cells needed to be changed every 24 hours due to 
the instability of insulin and glucagon.  
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Treatment with the I-G complex reports a significantly increase of cell viability treatment in the lowest 
concentrations (0.001, 0.01, 0.1, 1 nM) and the same as control or slightly increased cell viability in the 
higher treatment concentrations, indicate that something is changing within the cancer cells treated 
with this complex. Although, we do not have an insight if the effect of this complex is starting to 
increase after 72 hours or if the result might have been different if treated for only 24 hours or 48 
hours. When performed a one-way ANOVA, it turned out no difference between the three different 
treatments. Although, the groups are quite small and with small differences between them. Maybe if 
the groups were larger there would be a significant difference between them. The complex is created 
with concentrations of insulin which makes more molecules of glucagon present than insulin, in the 
complex. If the I-G complex had been created with calculations of glucagon as the dominant part of 
the complex, the result might have turned out different. This is just a first insight of this complex impact 
on Panc-1 cells.  

Insulin here reports a significantly increase of cell viability treatment with all concentrations. Which is 
the same as reported in other studies (Chan et al. 2014; Ding et al. 2000; Wang et al. 2010).  

Insulin here reports to be increased at 0.001 nM, 0.01 nM and 0.1 nM with a significant difference. 
Patients having ≤ 0.02 nM is having less secreted insulin and is therefore seen in patients with T1D 
(Ludvigsson et al. 2012), which also can be higher, even after several years with the disease, dependent 
on age of diagnosis (Sorensen et al. 2012). Suggesting that patients with T1D might have an increased 
risk of increased cell viability of cancer cells according to this report.  

Patients with insulin secretion above 1.0 nM have insulin resistance and above the normal range and 
thereby seen in patients with T2D (Ludvigsson et al. 2012). The higher insulin resistance the patient 
has, the higher all-time mortality is reported (Hirai et al. 2008) and here reports a higher increase of 
cell viability.  

Concentrations seen in healthy individuals of 0.3-1.0 nM are also found to be significantly increased in 
this experiment, which might be a result influenced by the media and its possibly impact on this 
experiment, which may not be ruled out and is further discussed below.  

Cell line of colorectal cancer who were treated for 48 h and with a different media than used in this 
report found an increased cell viability of cancer cells. Although they did use different concentrations 
compared to this report. They used concentrations of 100, 150, 200, 250 and 300 nM (Lu et al. 2017). 
The result from this study is of little interest since they have used concentrations of insulin that is not 
possibly to exist within human body. No patients can have insulin levels of 100-300 nM.  

In another study also investigating insulin treatment in panc-1 cells, treated for 48 h, using different 
media than used in this report, did not report statistically significance difference in concentrations of 
0.2 nM, which is seen in T1D and this report, but they did find an increase at concentrations of 2 and 
200 nM (Chan et al. 2014). 2 nM report the same as here and are also found in T2D. However, the 
results may have turned out the same for the study compared to this report if the treatment time and 
media would have been the same.  

In another study, they also found increased cell viability due to insulin treatment in panc-1 cell line. 
They also found that insulin increased Glut 1 expression indicating an increased glucose transport into 
the cell (Ding et al. 2000). Most studies indicate an increase in cell viability in cancer cell lines and so 
in Panc-1 cells. However, different studies seem to have different concentrations which might give 
misleading results when interpreting and comparing the studies to each other. The incubation time 
varies and is never the same in all studies as well as the use of different cell lines and media.  All factors 
contribute to difficulty to interpret and compare the results from different studies. Specially for those 
studies that use all concentrations that are without the range of normal range within the human body. 
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Glucagon here reports a significantly increase of cell viability treatment with 1 nM, which is seen in 
patients with T1D or T2D with uncontrolled blood glucose regulation and during ketoacidosis. There is 
also a significantly increase of cell viability for treatment with 0.01 nM glucagon seen in healthy 
individuals. While the other concentrations of glucagon (0.001 nM and 0.1 nM) report no statistical 
significance difference of cell viability. At fasting levels, glucagon is around 0.02 nM in patients with 
diabetes. Hyperglucagonemia seen in patients with uncontrolled diabetes in both T1D and T2D can be 
as high as 0.3-1.5 nM (Adams, Miller & Seraphin 2005; Müller, WA, Faloona & Unger 1973). Suggesting 
that patients with diabetes might have an increased risk of increased cell viability of cancer cells 
according to this report. 

Other studies report glucagon not to increase cell viability and cancer cell growth ( Ravussin et al. 2015; 
Renehan et al. 2004; Walford et al. 2002). While other studies report increased cell viability of glucagon 
treatment after 48 hours in panc-1 cells and no increased glucose uptake was also reported (Ding et 
al. 2000).  

Although, one study performed on colon cancer showed that 72 hours treatment of 1 nM glucagon 
increased cell viability (Yagi et al. 2018). It has been found that glucagon activates colon cancer cell 
growth ant that cells grow faster in models of T2D with hyperglucagonemia and hyperglycemia  (Yagi 
et al. 2018). Hyperglucagonemia, at 1 nM, is reported in patients with uncontrolled diabetes in both 
T1D and T2D (Adams, Miller & Seraphin 2005; Müller, WA, Faloona & Unger 1973). This indicate that 
patients with T2D and T1D might have increased glucagon concentration and hyperglycemia that 
contribute to increased cell viability in cancer cells since it here is reported to be a statistically 
significant increase in cell viability at 1 nM. 

Possibly important to mention and discuss in this cell viability experiment is also following. When 
insulin binds to the insulin receptor, glucose can enter the cancer cell via GLUT 4. Hyperglycemia is one 
hypothesis that is suggested contributing to cancers in patients with diabetes (Marshall et al. 2009). 
Since cancer cells need glucose in the anaerobe metabolism to produce lactate, the Warburg effect, 
hyperglycemia will provide the cancer cell with increased amount of lactate via glycolysis. Therefore, 
high levels of glucose are suggested to increase cancer cell growth (Kim & Dang 2006). Increased 
glucose concentrations has also been found to increase the risk of cancer development in healthy 
individuals (Nagle et al. 2013). Hyperglycemia is what is most suggested as the link between diabetes 
and cancer, also due to insulin resistance and the increased insulin levels. Although, important to 
mention, Panc-1 cells are here treated with insulin, glucagon and the I-G complex in different 
concentration, the dilution steps were performed in the same media. Glucose concentrations in the 
media stays the same and contains the same concentration of glucose in all treatments, around 15.0 
mmol/L. Indicating a hyperglycemic state regardless of the different concentrations of the peptides.  

Interestingly, one might suspect that the lactate production would increase for cancer cells in a 
hyperglycemic environment like in this experiment. Based on physiology, insulin is the key that allows 
glucose to be taken into the cells and makes glycolysis to start. Cancer cells can take up basal glucose 
without insulin but not to the same extent as when insulin is present. Although, an increase in insulin 
should reasonably contribute to increased glucose in the cell and thus an increase in glycolysis and an 
increase in lactate production.  

However, the Lactate Glo Assay, does not supports such finding. Instead, it reports results of decreased 
lactate production for both insulin and glucagon and even more decreased lactate production in the 
higher concentrations for both peptides and both cells treated once and three times. Indicating that 
glycolysis is not increased in any of the peptides alone. This indicates that possibly something else is 
up- or downregulated downstream from the insulin and glucagon receptors that cause the increased 
growth and cell viability which is further to be investigated. Even more interestingly is that the 
treatment with the I-G complex on the panc-1 cells, show an increased lactate production and thereby 
have change the metabolism of the cancer cells. The complex, again, act in different ways compared 
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to insulin and glucagon alone.  Lactate might thereby be one highly important part in the recurrence 
of cancer and is here reporting a non-significant increased trend with treatment of the I-G complex, 
this is a new discovery and a contribution to the understanding of cancer development. 

One should also take into an account that this study only investigates treated cells once every 24 hours 
for a total of 72 hours. In real life, within the human body, the insulin and glucagon secretion are not 
performed by one dose administered, by human, once every 24 hours for only 72 hours. It is secreted 
the whole time and probably with different concentrations during the day and night and is dependent 
on the lifestyle one chooses and metabolic conditions and interact with other hormones.  

Due to low sample size, representing six patients, which thereby is low sample size in clinic 
investigations with real patients, but when performed like this, in vitro, is not so small, the cell viability 
MTS-assay (n=6), and the Lactate-Glo Assay (n=2), might indicate a type 2 error. However, the results 
on cell viability for insulin and glucagon alone show similar results as other studies with higher sample 
size. Except glucagon, who in other studies, been found to reduce cell viability of cancer cells, this 
might be due to different media and different cell lines used, or other unknown reasons. 

Since both glucagon and insulin is secreted and regulated due to various nutrients and with glucose 
being the primary determinant if insulin and glucagon is to be secreted (Xu et al. 2006). The lifestyle 
one chooses, and the metabolism might have an impact on the contribution on the concentration of 
insulin and glucagon present within the human body and thereby affecting the cancer cells (Zimmet, 
Alberti & Shaw 2001).  
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Ethical aspects and impact of the research on the society  

This report has been done in a safe way to investigate impact, solution and progressions of diseases 
without risking the safety of a patient. By using donated human pancreatic cancer cell makes it possibly 
to get a first insight. It would be unethical to perform investigations of cancer progression like this in a 
clinical setting with real patients. Without the donor this would not have been possibly to perform.  

The cell donor was informed, aware and approved the future use of the cell contribution in cancer 
research.  The donor is always given full information by the cell bank before donating the cells (Millum 
& Bromwich 2021). The cells were handled with care and respect and were taken care of every day 
during the experiments and always with an interest to make it serve a cause, never letting cells go to 
waist.  

This project was also in line with the three ethical Rs, reduce, refine and replace. Despite that there 
was no animal present at experiments. Synthetic human ingredients of insulin and glucagon were used 
to be able to investigate the hypothesis that blood glucose homeostasis within human form a new 
complex, and therefore preferably to use synthetic human ingredients.  

The existence of the I-G complex is still unknown and not explored in human. Nor if the I-G complex is 
formed by a blood glucose homeostasis imbalance. Although, if this complex exists, this study gives a 
new insight and knowledge of what might contribute to the increased risks of cancer development in 
patients with diabetes. 

Preferable is to reach out to health care institutions and patients with preventive approach and 
targeting treatment to maintain and keep blood glucose within normal range and prevent 
hyperglycemia in patients with diabetes and cancers. Increase insulin sensitivity for those with insulin 
resistance and thereby have an increased insulin secretion with increased glucagon secretion. Apply 
both diet and lifestyle changes to improve blood glucose homeostasis imbalance. All which most likely 
decrease the risk of I-G complex formation. If it exists within the body.  

It has been reported that cancers can be decreased with 70 % due to diets and lifestyle changes that 
also improve blood glucose concentrations and homeostasis (Garcia-Fernandez et al. 2014; Godos et 
al. 2017; Hildenbrand et al. 1995; Platz et al. 2000; Sieri et al. 2004). It is also reported that diet together 
with lifestyle changes and at the same time treatment with chemotherapy is more successful in cancer 
treatment than chemotherapy alone (Nencioni et al. 2018). Although further investigations are 
needed. 

Cancer as a metabolic disease might in the future lead to new therapeutic approaches with a new 
possibly preventive strategies in lifestyle habits including stress, infections and diets and the impact 
on insulin and glucagon and the increased risk of I-G complex creation. Preventive strategies on blood 
glucose homeostasis imbalance that hopefully minimize the risk for metastasis and recurrence of 
cancers.  
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Conclusions 

Up until now, hyperglycemia and hyperinsulinemia has been outlined as the main link between 
diabetes and cancers. Not so fully known is the contribution of hyperglucagonemia to cancers which 
here is reported to be increased in concentrations also seen in uncontrolled blood glucose regulation 
and patients with diabetes, both T1D and T2D. It is here reported that an I-G complex of human 
ingredients can be created and thereby possibly also exist within patients with diabetes and cancers, 
which is to be found out. The actual I-G complex has in all the experiments reported a different result 
compare to insulin and glucagon alone. A completely new insight is that the I-G complex contribute to 
an increased cell viability and thereby a possibly increased risk of cancers. The complex might act as 
an unknown link between diabetes and cancers. Further the I-G complex report a change of the 
metabolism of cancer cells which was not seen in insulin and glucagon alone. This indicate that 
something in the metabolism of cancer cells is changed due to the I-G complex. Further investigations 
are to prefer to find out more about this complex and its existents and contribution to diabetes and 
cancer, and as a possible link between the two diseases.  
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Appendix A 

Table 1. Means and p-values for each peptide’s concentration in the cell viability MTS-Assay. 
  

Peptide Concentration (nM) Cell viability Mean value p-value 

Untreated  102  
Glucagon 0.001  106 0.36839 
Glucagon 0.01 111 0.04220 
Glucagon 0.1 103 0.72898 
Glucagon 1 122 0.000121 
Glucagon 10 135 2.45854E-09 
Glucagon 100 122 0.000173 
Insulin 0.001  118 0.002859 
Insulin 0.01 121 0.000348 
Insulin 0.1 125 1.15E-05 
Insulin 1 132 1.46E-08 
Insulin 10 130 1.65E-07 
Insulin 100 129 6.43E-07 
I-G complex 0.001  126 1.18E-05 
I-G complex 0.01 115 0.010128 
I-G complex 0.1 136 8.22E-10 
I-G complex 1 119 0.000772 
I-G complex 10 103 0.68996 
I-G complex 100 112 0.028188 

 


