
Introduction:

Pathogenic pathways of diseases are increasingly complex, and epidemiological 
studies in humans have clearly defined risk factors for the development or progression 
of type 2 diabetes, including genetics/family history, resulting in alterations in the 
primary gene sequence, and prenatal and postnatal environmental factors, including 
low birth weight, obesity, nutrient excess, inactivity, gestational diabetes, and 
advancing age. Each of these risk factors can, via largely undefined mechanisms, 
lead to skeletal muscle, adipose, hepatic insulin resistance, [beta]-cell dysfunction, 
and overt diabetes. In turn, diabetes-related hyperglycemia and associated 
metabolic abnormalities can further alter signal transduction and gene expression, 
thus contributing to a vicious cycle. It is likely that each of these risk factors alters gene 
expression, possibly in a unique but partly overlapping way, therefore, superimposition 
of multiple risk-related and tissue-specific changes in gene expression are required 
to produce the final phenotype of type 2 diabetes. Here we use MetaCore to report 
pathway and network analysis of insulin resistance (IR) in a rat disease model.

Materials and Methods

• 	 Human IR Subjects:
	 – Normoglycemic
	 – Family history
	 – Non-obese
	 – Normal insulin*
	 – Insulin resistant*

Adipose cells were used for microarray expression proþling: HuGeneFL, Hu35KsubA-D
* 3 Biological replicates were included for Control and Insulin-resistant subjects

•  Zucker Fatty Rat:
	 – Normoglycemic
	 ð Leptin-resistant, hyperphagic
	 – Obese
	 – Hyperinsulinemic
	 – Insulin resistant
	 ð Treated with roziglitazone (TZD, PPAR Agonist) - insulin sensitive*

Adipose tissue was used for expression studies on RAE230A microarray chips.
* 4 Biological replicates: Control and 4, 8, 12, 16 days of TZD treatment.
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A. ERBB Family Signaling 

Expression data and Pathway analysis:

Differentially expressed genes between IR human subjects and controls, and between 
TZD-sensitized and IR rat subjects, were uploaded into the MetaCoreÊ software suite 
(GeneGo, Inc.) and used for enrichment analysis and network construction. The gene lists 
were split and analyzed as 4 sets:

1 ð Human Down (genes down-regulated in human)
2 ð Rat Down (genes down-regulated in rat)
3 ð Human Up (genes up-regulated in human)
4 ð Rat Up (genes up-regulated in rat)

Numbers 1-4 on the thermometer-l ike expression signs represented on the 
canonical pathway maps correspond to the above numerical experiment 
order throughout this document.

Results and Discussion:

TCA cycle was represented as a signiþcant map in the canonical pathway analysis 
enrichment category. TCA cycle-related genes and compounds were then used to 
construct a direct interactions network in MetaCoreÊ (Figure 1). When human and 
rat data is toggled on the resulting network, it is evident that human insulin resistance 
reversal in rat is accompanied by up-regulation of multiple key genes, which were 
suppressed in IR human data.

Figure 1    
Direct Interaction networks built for TCA cycle gene list (TCA folder annotated by GeneGo)
 
Human and rat data is mapped. Key differentially expressed genes are in squares. Blue for down regulation and 
red for up regulation.




