
Systems Biology Approaches to Diabetic 

Complications:  Current State



• Morphology

• Metabolome

• Epigenome

• Proteome

• Genome

• miRNA

• Rare variants/SNPs/Haplotypes

Multiscale Systems Integration in Diabetic Complications

From 1-D Analysis to 3-D Integrated Analysis

• Copy Number Variation(CNV)

• Phenome;
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• Transcriptome

“Bottom-up”—
”Genotype to Phenotype”

“Top-Down”—
“Phenotype to Genotype”



Integrative systems biology

Genotype – Phenotype continuum



Current Approaches

• “Simple” transcriptomic, proteomic, etc. analysis of 
human/model organism tissues in diabetes +/-
intervention

• Bayesian integration approach to make specific 
predictions of functional relationships between 
genes 

• Combined ‘omics: e.g., GWAS/transcriptomics, 
transcriptomics/metabolomics/lipidomics

• Cross-species and cross-strain ‘omics



Bayesian integration approach to make specific 
predictions of functional relationships 

• BRCA1 and “response to DNA 
damage stimulus.”

• HEFalMp.  The datasets used for 
this integration encompassed 
more than 30,000 experiments 
from more than 15,000 
publications and included more 
than 27,000,000,000 data points 

• The context specific functional 
relationship network from 
HEFalMp for BRCA1 in the context 
of “Response to DNA damage.”  
Red edges indicate high 
confidence links and green edges 
indicate lower confidence links.  



Combined GWAS/transcriptomics
CKDGen Identification of SNPs for Reduced 

Renal Function

• Meta-analysis of 20 GWAS population based cohorts  of  
Caucasians in the USA and Europe  
– ~67.000 individuals where ~5800 were CKD
– GFR (mls/min/1.73m2, mean 87 +/-7)

• Independent replication in cohorts of European 
ancestry
– ~23.000 individuals where ~1300 were CKD

• Reduced renal function was estimated by 
– serum creatinine  (eGFRcrea), 
– serum cystatin c (eGFRcys) and 
– CKD (eGFRcrea< 60 ml/min/1.73 m2) 

Kötten Nature Genetics 2010



Loci Linked to Renal Function



Correlation of mRNA levels of CKDGen 
associated genes with GFR

– Across all diseases and by individual disease type

– Glomeruli and Tubulo-Interstitium:

• 296 Caucasian CKD patients:
– FSGS, MCD, MGN, DN, IgAN, SLE, HN, RPGN, 

– GFR range 6–193 ml/min/1.73m2, average: 65±37 

42 Candidate Genes for 18 SNPs

Correlation of gene expression to GFR

30 Genes Contained in ERCB for 16 SNPs



Correlation 
of 

transcripts 
with GFR 
in ERCB

Glomeruli      Tubulo-Intestitium



Correlation of transcripts with GFR 
in ERCB
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Combined transcriptomics/proteomics

Bugger et al., Diabetes 58:1986–1997, 2009



Combined transcriptomics/metabolomics:
Mapping metabolite pathways from 

transcriptional profiles in progressive DN

Genome scale human metabolic network reconstruction was used for human- specific metabolic reactions.  

Progressive DN-associated transcripts (FDR <1%) were mapped into Entrez Gene for identification in H. 

sapiens Recon1. 



METSCAPE:

Mapping metabolite 
pathways from 

transcriptional profiles of 
progressive DN

Concordant transcriptional  
regulation of key metabolic pathways

=> Experimental validation and iterative 
optimization

=> Definition of underlying transcriptional 
regulation

Metscape based pathway specific network of specific reactions related to citric acid cycle 

flux and shows a repression of 11 of 22 modeled reactions in progressive DN 

Citric acid cycle 



Cross-species and cross-strain ‘omics:
Defining transcriptional responses shared between 

human and mouse DN on a network level 

• Compare complex regulatory networks for conserved 
network structures

– Subopitmal graph matching tools required

• TALE Indexing Technique (Y.Tian et al., 2008)

– Index neighborhoods of nodes which characterize 
the local graph structure around each node 

– An hybrid index structure for efficient search of 
matching database neighborhoods

• The Novel Matching Paradigm
– Distinguish nodes by their relative importance in the 

graph structure

– Match the important nodes in the query graph 

– Extend the matches progressively by enclosing 
nearby nodes of already matched nodes



TALE-overlay

Human DN

db/db BKS

db/db eNOS-/-

BKS 

STZ DBA/2

82 nodes

935 edges



TALE: BKS db/db eNOS -/- and Human DN 
Shared Transcriptome

shared interactions

human interactions

murine interactions

15% - imp. Nodes
10 % - mismatch



Functional networks enriched
The top Biological processes enriched in the shared network .(Zscore>4.0)

Inflammation / Stress

Angiogenesis

BKS db/db eNOS -/- BKS db/db STZ DBA/2



Current State

• Neuropathy

• Cardiomyopathy

• Atherosclerosis

• Retinopathy

• Nephropathy



Current State: Neuropathy

• Transcriptomics:

– Human: Functional enrichment analyses identified "lipid 
metabolism" and "inflammation" over-represented in the 
DEGs in humans with progressive DPN vs. nonprogressors.

– Mouse:  ~4,000 DEGs in diabetic mouse sciatic nerve, 
which are enriched with 'lipid metabolism', 'oxidative 
stress', 'mitochondrion', 'response to stress', 'apoptosis' 
and 'axonogenesis' functions. 

– Regulatory network analysis suggests increased lipid 
metabolism may lead to elevated mitochondrial oxidative 
stress thus contributing to DN progression. 



Progressive diabetic neuropathy

20

PPARG (peroxisome proliferator-activated receptor 
gamma) – regulates glucose and lipid metabolism. 
Agonists of PPARG ameliorates DN and nephropathy in 
animal models

APOE (apolipoprotein E) – regulates normal catabolism 
of triglycerides and cholesterol. Polymorphism is linked 
to diabetic nephropathy 

LEP (leptin) – controls appetites with LEPR. Mutations 
associated with type 2 diabetes

JUN (c-Jun oncogene) – controls cell cycle and death

SERPINE1 (serpin peptidase inhibitor E Type 1) –
regulates fibrinolysis. Elevated plasma level is associated 
with higher incidences of diabetes.

Genomatix BiblioSphere PathwayEdition 

– Gene co-citation network (PubMed abstract) at sentence level



Current State: cardiomyopathy

Mitochondrial proteomics

Bugger et al., Diabetes 58:1986–1997, 2009



•―Proteomics approaches highlighted the unique susceptibility of 

cardiac mitochondria to injury relative to other mitochondrial 

populations … [and] highlighted differences in the pathophysiology 

of mitochondrial dysfunction between  type 1 and type 2 diabetes.‖  

Dale Abel

•―the fact that proteomic changes do not reflect or predict actual 

metabolic flux rates in these tissues emphasizes the importance of 

using a systems biology approach including metabolite 

measurements (metabolomics) in combination with comparative

•proteomics to better inform the complex interaction of

•transcriptional and protein changes in the adaptation of

•mitochondria to diabetes.‖   Bugger et al., Diabetes 58:1986–

1997, 2009

Current State: cardiomyopathy



not done as far as I know.  Jay Heinecke also has done some of this, but 

on macrophages without diabetes.  Ira Goldberg

The basic answer is there is almost nothing on networks and diabetic 

atherosclerosis. I am attaching a recent review of network analysis of 

atherosclerosis (independent of diabetes).  Richard Davis

Doing a systems bio approach to changes in macrophages that are in 

plaques undergoing progression or regression. Our collaborators are at the 

Inst for Systems Biol, Seattle.  We are planning to add an arm in which we 

make mice diabetic with STZ and test the effects of hyperglycemia on 

macs in progressing and regressing plaques, again using systems biol 

approaches. Basically, we use laser capture to isolate macs from plaques, 

then get the RNA and do microarrays.  The systems folks then take the 

data and torture it with their algorithms.‖  Ed Fisher

Current State: Athero 

diabetes



Current State: Athero 

HDL proteomics

J. Clin. Invest. 117:746–756 (2007).



J. Clin. Invest. 117:746–756 (2007).

Current State: Athero 

HDL proteomics



Current State: 

Retinopathy: 

Retinal vessel 
transcriptomics

Diabetes 58:1659–1667, 2009



Current State: Retinopathy: 

Retinal vessel transcriptomics

Diabetes 58:1659–1667, 2009



Current State: 

Retinopathy: 

Retinal 

proteomics in 
response to ARB

Journal of Proteome Research 2009, 8, 5541–5549



Current State: Retinopathy 
vitreous lipidomics correlates with progression

Diabetes 59:1780–1788, 2010



Current State: Nephropathy

GWA mapping and GWE
in Mouse strain F1s to identify DN locus

Chua, et al.  Kidney Int. 2010 Jun 2



Current State: Nephropathy
Urine proteome as biomarker for progression

Diabetes Care. 2010 Jul 29. [Epub ahead of print]



1. Much opportunity for systems approaches to diabetic CV complications

2. GWAS, transcriptomics can be used to predict changes in function.  New 

functional associations can also be predicted.  These need to be verified as 

not all are borne out and the directionality of effect can be opposite.

3. Targeted or focused proteomics, metabolomics and lipidomics are likely to 

give the most direct indication of underlying functional alterations and are 

most likely to be the best biomarkers in urine and plasma (but mRNAs…).

1. Human-model organism systems biology comparisons are fruitful.

Themes



1. What is the current status of the area in terms of basic, translational and 

clinical research with regards to all diabetic complications?

Has there been any therapeutic success coming from the system 

biology approach ?

The issue becomes understanding the end points for success of 

treatment.  Could be most useful as means to generate 

biomarkers for surrogates of disease end points.

2. What is the potential impact of these studies on the field of complications 

research?  Is there sufficient and meaningful significance to the 

idea/approach to move the field of complications research forward? 

Identifying potential biomarkers, understanding major pathways 

affected.

Identify targets for intervention

Questions to answer for report



3. Are there technical or scientific barriers preventing progress in the area? How 

would one perform cross-complications analysis?

a. Longitudinal studies will be needed for biomarker /system biology 

analysis to develop markers that not only predict disease but also 

predict therapeutic outcome.  Combined clinical/translational 

approaches to tissue specific complications.

b. With large studies should try to capture as many complication 

specific tissues as you can—both models and human.

c. Animal models would be useful for those complications that lend 

themselves to isolation of tissues (e.g. bladder or nerves). 

1. One issue with mice is one never knows how disease 

progression is affected by genetic manipulations given in the 

human not all individuals progress to nephropathy.

2.  Should use multiple mouse strains longitudinal design 

given one end point (ACR) may change based on disease 

progression and may not be useful as a disease progression 

indicator depending on the time being evaluated.

d. Using tissues for biomarker analysis/system biology analysis will 

require specific annotation for complication specific phenotyping in 

order to correlate with disease etiology.

Biopsy of tissues in the clinical trials would be important to 

advance the field.    Consider autopsy specimens of trial patients.



4. Are there clear objectives that can be outlined for this area which, if 

achieved, will enhance our understanding and treatment of 

complications? Are there existing human samples or resources with 

DNA analysis, omics, histology and pathology that could be utilized to 

help achieve these goals? 

1. Existing human resourced:  DCCT- EDIC, GoKIND, FIND for 

example.  Some have serial collections and are continuing 

collection.

2. Potentially doing a time course study with mouse model of specific 

complications collection tissues/samples during disease 

progression followed by Omic type of studies to look for predictive 

markers.  Will need human tissue to validate mouse observations.

5.  Can this area identify new circulating blood and urine biomarkers?

Where would you put resources?  

Attention should be to metabolomics given the functional nature 

of the data.  Also, proteomics since well worked out.  

6.   Can existing NIH resources be leveraged?

Increase the bioinformatics infrastructure to help with cross-

platform, cross-species analysis.

7.  Can this area of research assist our understanding of all diabetic 

complication?   yes.


