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The prevalence of metabolic syndrome is increasing. Available 
data suggested that using dietary intervention as an integral part 
of future approaches to prevent and treat diabetes ,obesity and its 
metabolic consequences (Rolls, 2010). Emerging studies are now 
characterizing a possible link between visceral obesity and the 
increased risk of tumors (Doyle et al., 2012). Visceral obesity leads 
to chronic inflammation and disturbance in the production of 
adipokines ,cytokines, sex steroids and a pro-coagulant insulin 
resistant state collectively known as the metabolic 
syndrome(Doyle et al.,  2012). Prospective findings recently 
associated visceral adiposity specifically with the development of 
cancer in either sex. Indeed, the obese-state is thought to be a pro-
tumorigenic environment and  contributes also to insulin resistant 
state with the resultant excess of circulating glucose, FFA and 
insulin levels. Elevated levels of pro-inflammatory adipokines 
including TNF-α, IL-6 and IL-1 result in an imbalance between 
increased inflammatory stimuli and decreased anti-inflammatory 
mechanism leading to persistent low -grade inflammation .These 
adipokines may  even affect the body handling of glucose (Ouchi et 
al.,   2011).In this issue they are thought to be involved in the 
pathogenesis of insulin - resistance which is an adaptive response 
to raised FFA, thus relating to the extent of visceral adipose tissue 
deposits. Since the rates of lipolysis are higher in visceral 
adipocytes, thus the risk of developing insulin resistance is related 
to the size of visceral fat deposits. The insulin resistance status is 
characterized by increased risk of carcinomas of breast, prostate 
and uterus. Thus it was proposed that insulin may act as a

Introduction: Dysregulated insulin levels plays a role in the occurrence of metabolic 
syndrome. Collected data indicates a link between insulin and preneoplastic state. Thus the 
present study aimed to explore the possible role of insulin in the pathogenic events of 
preneoplastic inflammation of uterus in an experimental model of type II DM in female rats 
induced by high fructose diet. Materials and Method: 24 female rats were randomly into 
control group (I) , Diabetic group  (II). Animals were sacrificed ,blood samples were collected 
for serum glucose, triglycerides, FFA, insulin and HOMAIR and IGF1. Uteri were dissected for 
detection of IGF and adiponectin. Results: Diabetic groups showed significant increase in 
serum glucose, triglycerides, free fatty acid, insulin, IGF1 and HOMAIR levels. Dissected 
uterus tissues showed significant decrease in receptor gene expression of adiponectin and 
marked increase in IGF1 receptor gene expression. Conclusion: Insulin-IGF1 axis positively 
correlate with preneoplastic uterus inflammation especially associated with obesity.

 mitogenic agent directly on target pre-neoplastic cells or might 
initiate changes in endogenous hormone metabolism (Donohoe et 
al.,   2011). Adiponectin is a protein, which is produced by the 
adipocytes and regulates energy homeostasis, glucose and lipid 
metabolism (Tao et al.,  2002). Adiponectin also correlates with 
systemic insulin sensitivity and was found to be reduced in 
diabetic patients (Kadowaki et al.,  2006). It also has anti-
inflammatory effect (Ouchi and  Walsh et al.,  2007).It has anti-
cancer effect and inhibits endometrium cancer (Qiaoli et al., 
2011).Guided by the above findings the present study  signed to 
detect the role of insulin- IGF-1 axis in the progression of pre-
neoplastic inflammation induced in female rat model. 
Furthermore , the study aimed to investigate the risk carried by 
hyper insulinemia in type 2 diabetic patients induced by high 
carbohydrate diet in the deterioration of the inflammatory 
processes in attempt to find the insulin- cancer link.

The study was carried out in the Animal House of Physiology 
and Biochemistry Department, Faculty of Medicine, Cairo 
University. 24 adult female albino rats of average body weight 
ranging from 150-200 grams comparative to age 10-12 weeks 
were purchased and included in this study. The animals were 
housed in wire-mesh cages. During this period, they were left to 
acclimatize to the normal environmental conditions as regards 
dark/light cycle, degree of temperature and relative humidity for 
few days before the experiment. Meanwhile, all the rats were given 
free access to food and water. Eventually, the rats were randomized 
into two main groups. Control group (n=12)in which rats received  
ordinary animal chow for 8  week and Diabetic group (n=12).  
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Diabetes was induced via providing the rats with high fructose 
diet dissolved in the drinking water at a concentration of 
1gram/ml and given in a free access to the animals. At the 4th week 
blood samples were withdrawn from the retro-bulbar plexus 
estimation of random blood glucose level. Rats with blood glucose 
level 200mg/ml were included in the study (Adeyi , 2012). 

Sample collection and scarification;

At the end of the planned time for the study (8 weeks) blood 
samples then collected serum was kept frozen at 80° c, to be 
assayed later. The following parameters were assessed;

1-Fasting serum levels of glucose. 

2-Fasting serum insulin levels and HOMA IR was estimated.

3-Fasting serum levels of triglycerides and free fatty acids.

4-Serum IGF1

Then the animals were sacrified by cervical dislocation (Abdel aziz 
et al.,  2011).

After scarification of the animals a mid-ventral abdominal 
incision was done then  uteri is excised  for biochemical 
assessment for estimation of receptor gene expression of  Insulin,  
Adiponectin, Insulin like growth factor – 1 (IGF-1) by ELISA

Statistical analysis:

Data was coded and entered using the statistical package SPSS 
(version 12). Data was summarized using mean, standard 
deviation, and range, for quantitative variables. Comparison 
between groups was done using ANOVA (analysis of variance), and 
multiple comparison (post Hoc test), for quantitative variables. 
Correlation was done to test the relation between quantitative 
variables. P-values < 0.05 were considered as statistically 
significant.

Results:

The results of this study showed marked significant increase in 
the serum levels of glucose in diabetic group compared to the 
control group (as shown in table 1. Regarding the serum levels of 
insulin, the estimated levels reflected the experimental 
procedures applied in group Π (diabetic) increased values 
compared to the control group Ι (table 1). 

Regarding HOMAIR there was significant increase in group II 
comparison to group I as shown in table (1). 

The results of the study have shown a marked significant 
increase in the serum levels of Triglycerides and FFA in group II 
compared to group Ι as shown in table (2). 

Uterine adiponectin receptor gene expression levels revealed a 
significant decrease in group Π compared to group I as recorded in 
table 3 

There was significant increase in the IGF-1receptor gene 
expression in group Π compared to Ι as shown in table 3.

Visceral fat : Significant elevation in the level of Fat in group II 
in comparison to group I.

Discussion:

Diabetes mellitus describes a group of metabolic diseases in 
which a person has a high blood glucose, either due to inadequate 
insulin secretion (T1DM) or because the cells do not respond 
properly to insulin (T2DM) or both (Derr et al., 2009).

 The role of insulin and its status are key components in 
metabolic syndrome a disturbing link may connect the insulin 
status, to a pre-neoplastic state which may fortell an additional 
danger: cancer (Giovannucci et al., 2010).In fact, increasing 
evidence has suggested that this insulin role is related to many 
cancers as those of liver, pancreas, endometrium and others 
(Shikata et al.,  2013). This evidence also includes studies that 
examined in particular, the risk of uterine cancer or adenoma in 
relation to some significant determinants of metabolic syndrome, 
as well as markers of insulin resistance (insulin and C-peptide) 
(Guo,  2014). Factors that connect diabetes to cancer are 
incompletely understood. Thus, the present study was carried out 
in an attempt to further elucidate some of the possible factors 
which predispose diabetic patients to the pathogenic events which 
may eventually lead to cancer initiation, growth and proliferation.      
To achieve this, an experimental model of diabetes was induced in 
female rats by providing them high CHO diet of a high glycemic 
value for 8 weeks (Adeyi, 2012) to achieve a state of 
hyperinsulinemia and T2DM. The present results confirmed the 
effectiveness of the experimental model of T2DM, and 
hyperinsulinemia was reflected by the significant elevation in the 
serum glucose, insulin level and HOMA IR values compared to 
those of control. The ability of using white bread and sugar 
solution in induction of DM may be due to the fact that glucose 
derived from the high glycemic index-diet can produce 
persistently high levels of insulin secretion, which ultimately 
result in post- receptor insensitivity to the released insulin (Adeyi,  
2012). Furthermore, it has been well conceived that dietary 
carbohydrates can increase insulin secretion, which subsequently 
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stimulate lipogenesis, then cause insulin resistance (Melnik et al.,  
2011). This fact is further supported in the current findings by the 
significant increase in the visceral fat adiposity estimated in the 
hyperinsulinemic rats. Conflicting results demonstrated that high- 
CHO content in the diet is protective against insulin resistance and 
diabetes compared to the high- fat diet (PoPkin et al.,  2012). 
Studies,  found that hyperglycemia due to high-sugar diet is 
positively correlated with increased risk of cancers particularly 
those associated with the gastrointestinal tract (Masur et al.,  
2011).Moreover, certain experimental cancers were observed to 
behave more aggressively with excessive intake of high CHO-
content diet (Park et al.,  2010). One of aspects of the 
pathophysiology which associates diabetes and hyperglycemia to 
cancer is the share status of chronic inflammation explaining the 
increased risk of cancer associating diabetes (Klement & 
Kamnerer, 2011). High glucose was also found to alter immune 
functions since glucose competitively impairs the transport of 
ascorbic acid into immune cells needed for effective phagocytosis 
and proper function of lymphocytes (Krone and Ely,  2005). 
Interestingly, it was detected that high glucose in diet  and 
hyperglycemia is influenced in on WNT/B- catenin signaling; a key 
cancer- associated pathway (García-Jiménez et al.,  2013).   Once 
activated, this B- catenin is a potential transcriptional coactivator 
targeted to genes involved in proliferation and is a well- known 
tumor marker of bad prognosis (Singh et al.,  2013). WNT- 
signaling is associated obesity as well. Thus, a diet which elevates 
blood glucose levels and leads to obesity, has been suggested to 
provide an additional cause for cancer initiation(Lu et al.,  2013). 
Studies provided evidence that the risk of uterine cancer or 
adenoma is also strongly related to dyslipidemia. The state of 
dyslipidemia estimated in our results supports the concept that 
this metabolic alteration is one of the biomarkers that represents 
an important pathway for development of cancer (Trabert  et al., 
2015 ,  Trabulo et al., 2015 & van de Woestijne et al.,  2011 ). A 
report suggested lipid peroxidative product; melandialdhyde, may 
cross- link DNA. This may, in theory contribute to a pre-neoplastic 
environment (Bielecka-Dąbrowa et al.,  2011). Although pro-
inflammatory cytokines associating hyperlipidemia were not 
assessed in this study, yet, supported by the present 
histopathological examination, a previous report showed 
lymphocytic infiltration of the colon. As regards to hyperlipidemia 
observed in this study , FFAs serve as ligands for the toll-like 
receptor 4 (TLR4) complex that stimulate cytokine production by 
macrophages, thereby, modulating inflammation  (Suganami et al.,  
2007). Consequently, a potential aim in the present work was to 
induce  T2DM to further explore and evaluate. The role of insulin – 
IGF-1 axis in the related pathogenic events of this study.   Thus, the 
fact that the inflammation of uterus was far more deteriorated in 
T2DM. The WNT/B- catenin signaling also has been shown to 
result in an increase in the expression of incretin hormones 
(including insulin and IGF-1) expression and secretion (García-
Jiménez et al.,  2013). This impact was further confirmed and 
supported by the present findings as regards the hyper-
insulinemic state which was displayed via marked increase in the 
estimated serum levels of insulin and IGF-1. As regards the 
assessed gene expression of insulin receptors, the current work 
showed opposing results to the previous study published by singh 
et al.,  2013 since the INS R expression estimated in the 
experimental groups were observed to be markedly reduced in the 
uterus . The explanation for the present finding that the pro-
inflammatory cytokines induced by hyperglycemia have most 
likely triggered the insulin resistance as well as decreased the

 expression of INS-Rs in the affected tissues (Clevers,  2011).    A 
further explanation to clarify the observed INS R gene expression 
reduction is the presence of the elevated levels of FFAs which 
induce down regulation of insulin signaling ( Hotamisligil,  2006). 
Guided by findings of several studies, it was concluded that as the 
duration and severity of T2DM progress, the physicians who often 
turn the patients to exogenous insulin as means to control 
hyperglycemia, may eventually risk these patients to cancer- 
related mortality particularly uterus, compared to patients treated 
with metformin. Chronic hyperinsulinemia may promote cancer as 
it exerts its oncogenic potential via abnormal stimulation of 
multiple cellular signaling cascades that enhance growth factor- 
dependent cell proliferation and / or directly affect the cell 
metabolism ( Clayton et al.,  2011). the elevated receptor 
expression of IGF-1 in the colon confirm the hypothesis that these 
IGF-1 receptors may have mediated the proliferative effects of 
insulin and/or IGF-1 in the inflammed tissues thus predisposing to 
cancer initiation and promotion compared to control animals ( 
Hursting et al.,  2012). Once malignancy develops, insulin receptor 
expression becomes progressively increased, is able to bind both 
insulin and IGF-1 (Putche and Curtazar,  2012). As further 
supported by the present results, hyper-insulinemia may have also 
triggered a significant increase in IGF-1 production (  et al.,  
2011).This was reflected by the estimated enhancement in the  
IGF-1 serum levels in the current work. Although the serum levels 
of adiponectin have not been estimated in the present work, yet, 
reports of previous studies have acknowledged a reduced 
adipocytic expression of adiponectin in pro-inflammatory 
conditions including the obesity-associated diabetes Ouchi and 
Walch,  2007 ). This may add further support to the present 
findings as regards the significant decline which was depicted in 
the levels of the adiponectin receptor expression in the uterine 
tissues. Thus, apart from its anti-inflammatory actions (Ahima,  
2006). Adiponectin was also shown to inversely correlate with the 
risk, stage and grade of adenomas. Through molecular 
mechanisms, adiponectin can suppress MAPK- mediated mTOR 
and hinder cell proliferation (Kim et al.,  2009). 

In conclusion: The study implies that a complex  network of 
factors working through insulin –IGF1 axis contribute to a strong 
link which connects this axis to deterioration of the ongoing 
inflammation lead to cancer initiation and development of 
diabetes associated colitis. It is then concluded that further studies 
are required to implement more effective therapeutic strategies 
for diabetes associated  gonads tumors . To attain this clinical 
studies should be taken to decrease chronic hyperinsulinemia and 
insulin resistance thus offering a general approach for prevention 
of  cancer. 
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