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Multifactorial disease with complex 
inheritance mechanisms. 

Leading cause of ESRD in the most 
developed countries. 

It is important to note that only 30% to 
40% of patients with diabetes develop 
diabetic nephropathy. 

Update on Diabetic Nephropathy: Core Curriculum 2018 
Kausik Umanath and Julia B. Lewis 



Prediction of diabetic nephropathy 
It is impossible.  

Duration of diabetes, tightness of glycemic 
control, and blood pressure are insufficient on 
their own to predict which patients will develop 
the complication.  

Therefore, a patient with poor blood pressure 
and glycemic control might not develop diabetic 
renal disease even many years. 

The role of genetic susceptibility in diabetic nephropathy: evidence 
from family studies . Stephen Fava1,2002 



Familial clustering  

Patients with DM with a first-degree relative 
with T1/T2DM and diabetic nephropathy have 
substantially more risk for developing diabetic 
nephropathy than those without an affected 
relative. 

Variation among racial and ethnic groups 

Native Americans / European Americans 

 
Update on Diabetic Nephropathy: Core Curriculum 2018 
Kausik Umanath and Julia B. Lewis 



Familial aggregation of DN is independent from 
family size, the number of relatives affected with 
diabetes and hypertension,socioeconomic 

status, and inadequate access to health care. 

 The prevalence of diabetic nephropathy varies 
worldwide . 

Singapore / Denmark 

 

 

 

Genetic Factors in Diabetic Nephropathy. Barry I. 2007 



Factors Contributing to Development 
of DN 

Metabolic 
Hemodynamic 

Genetic and             
Epigenetic 



 



The contribution of a single gene to the development 

of diabetic nephropathy might be small, but diabetic 

nephropathy would develop in those with combination 

of a number of ‘bad genes’ and of environmental 

factors (dosage effect). Environmental factors include 

glycemic control, blood pressure control, and possibly 

intra-uterine malnutrition.  

Polygenic (During the past Decade : identification of at 
least 75 independent genetic loci 

If the contribution of a single gene were small, it would 
need large studies to be detected and replicated. 

Update on Diabetic Nephropathy: Core Curriculum 2018. Kausik Umanath 



Genetic Studies 

1- Linkage studies 

 

2- Association studies 

 

3- GWAS for millions of SNPs (NGS) 

 





Genetic association analysis for 
diabetic nephropathy 

Human genetics of diabetic nephropathy, Renal Failure, 2015 





Major critics of genetic research on DN 

common variants with a relatively low effect size 

(odds ratio between 1.10 and 1.40) explain only 
10–15% of the heritability.  

Most of the variants are located at intergenic or 
intronic region, where it is difficult to explain 
their functional consequences. 

Recent progress in genetic and epigenetic research on type 2 diabetes. 
Heon Kwak1 and Kyong Soo Park1,2,3. 2016 



Introns and exons are parts of genes. Exons code 
for proteins. 

Introns are parts of genes that do not directly 
code for proteins. Introns can range in size from 
10’s of bps to 1000’s of bps. 









Intrenational HapMap Projects 

The DNA sequence of any two people is more 
than 99 percent identical.  

SNPs (10 million  ) 

 Sets of nearby SNPs on the same chromosome 
are inherited in blocks. This pattern of SNPs on a 
block is a haplotype.  

A few SNPs are enough to uniquely identify the 
haplotypes in a block.  
 



Variation : any change in a DNA sequence away 
from normal. 
 
Mutation: Changes normal allele (that is 
prevalent in the population ) to a rare and 
abnormal variant. 
 
Polymorphism : a DNA sequence variation that 
is common in the population. In this case no 
single allele is regarded as the standard 
sequence. (two or more equally acceptable 
alternatives).  
Cut-of point between a mutation and a 
polymorphism is 1 per cent. 

 





Why is it important to study genetic 
variation? 

• Most common diseases, such as diabetes, are 
affected by many genes and environmental 
factors.  

• Although any two unrelated people share 
about 99.9 percent of their DNA sequences, 
the remaining 0.1 percent is important 
because it contains the genetic variants that 
influence how people differ in their risk of 
disease or response to drugs. 





SNPs 

T  A  G C 

T G G C 





GLUT1, TGF β, NFκB, eNO synthase 

Isolating a definitive causal pathway has proved 
to be elusive  

There is no simple Mendelian inheritance.  

The interplay of several genes is likely involved 

May differ between populations. 





TGF-𝛽 
They regulate cellular functions such as 
proliferation, apoptosis, differentiation, and 
migration . 

Activation of the TGF-𝛽 receptor induces 

phosphorylation of serine/threonine residues 
and triggers phosphorylation of intracellular 
effectors (Smads). Once activated, Smad proteins 
translocate to the nucleus and induce 
transcription of their target genes, regulating 
various processes and cellular functions. 

TGF-𝛽: An Important Mediator of Allergic Disease and a Molecule with Dual Activity in 
Cancer Development .Belen Tirado-Rodriguez,1 Enrique Ortega,2. 2014 







More than 10 polymorphic loci  

The T869C polymorphism in the human TGF-1 
gene, leading to the L10P variant of the coding 
protein, is associated with an increased risk of 
diabetic nephropathy.(CC/CT genotypes)* 

T29C SNP (TT genotype)** 

Phenotypic effects of these polymorphisms in 
TGF-𝛽 levels or functionality are largely unknown. 

 The small sample size 

 
*Transforming growth factor-1 and diabetic nephropathy 
Albert S. Chang, Catherine K. 2016 
**The Role of Transforming Growth Factor-Beta I Diabetic Nephropathy 
Karina Braga Gomes. 2014 



The expression of nephrin is decreased in 
diabetes. 

TGF-B1 decreases renal mRNA levels of nephrin 
and increases the permeability of albumin in the 
podocyte. 

TGF-B1 decreases renal megalin mRNA 

levels in Akita type 1 diabetic mice which might 
attenuate the albumin endocytosis mediated by 
megalin. 

Transforming growth factor-β1 and diabetic nephropathy 
Albert S. 2015 

-Continued 



manipulations which lead to decreased TGF-1 

expression in the podocyte may be useful for 
preventing/ treating the decline in renal 
function in diabetic nephropathy. 



 









The ACE gene : 17q23  

Association with the pathogenesis of DN, The 
Highly polymorphic (160 polymorphisms) 

I/D polymorphism is the most studied 

The common polymorphism of the AGT gene 

is M235T 





BMP 

• The transforming growth factor b–bone 

• morphogenic protein (BMP) pathway is 
implicated in the pathogenesis of diabetic 
nephropathy. The BMP2, BMP4 and BMP7 

• genes are located near linkage peaks for renal 
dysfunction. 

• Common polymorphisms in these BMP genes do 
not strongly influence genetic susceptibility to 
diabetic nephropathy in White individuals with 
Type 1 diabetes mellitus. 



 



Questions 
1-Why a proportion of diabetic individuals appear 
to be protected from serious complications (Unlike 
the progression to retinopathy) ? 
 
2-Why not all people with diabetes complications 
experience more advanced forms of vascular 
disease? 
Genetic variation does not adequately explain the 
disproportionate distribution and severity of 
diabetic vascular complications. 

Epigenetics in diabetic nephropathy, immunity and metabolism 
Samuel T. Keating1. 2018 



Not all people with microalbuminuria progress 
to macroalbuminuria or ESRD, apparently 
protected despite decades of chronic 
hyperglycemia and hemodynamic stress. 

Thomas MC . Epigenetic mechanisms in diabetic kidney 
disease. Curr Diab Rep 16:31,2016 



Metabolic Memory 

• Clinical and experimental studies have shown 
that the risk and severity of diabetic 
complications , including DN, seem to persist 
even after glucose normalization , suggesting 
a‘‘metabolic memory’’ of the prior exposure 
to HG 

Epigenetic modifications anddiabetic nephropathy 
Marpadga A. 2012 



Epigenetic 

Epigenetics is the study of changes in gene 
expression caused by mechanisms other than those 
that change the underlying DNA sequence, and 
helps to explain how cells with identical DNA can 
differentiate into different cell types with different 
phenotypes.  

Epigenetic modifications can be passed from one 
cell generation to the next and between 
generations of humans.  

May be regulated by environment factors. 



1-DNA methylation (hyperglycemia changes 
DNAme)  

2-Histone modification  

 

3-MicroRNAs 

Epigenetic Regulations in Diabetic Nephropathy. Zeyuan Lu. 2017 





DNA methylation  

diabetic status can induce epigenetic Changes. 

DNA methylation induced by elevated glucose in 
multiple target organs and cells, which 
contribute to the metabolic memory of diabetic 
vascular complications. 

Cytosines in CpG dinucleotides can be 
methylated to form 5-methylcytosine. In 
mammals, methylating the cytosine within a 
gene can change its expression. 

 

 



DNA Methylation 

Cytosine bases of the DNA template at CpG 
dinucleotides and on the tails of chromatinised 
histones.  

DNMT1, DNMT3a, and DNMT3b in humans 

5mC 

Transcriptional silencing by recruitment of 
specific factors that actively remodel the 
chromatin structure, as well as by the disruption 
of transcription factor binding sites. 







MicroRNAs(miRNAs)   

Are 22-nucleotide non-coding RNAs 

that can result in either posttranscriptional 
silencing or RNA degradation by binding the 30-
untranslated region of target mRNAs normally. 

miRNAs play critical roles in the tissue response 
to environmental stimuli without changing DNA 
sequence with a rapid and reversible means of 

gene regulation. 



microRNA 

14 up-regulated genes and 430 down-regulated 
ones were identified. Some DEGs related to 
cytoskeleton organization (MTSS1, ACTN4 and 
CALD1), cardiomyopathy (ITGB5) and immune 
response (C1S and C1R), as well as some 
regulators 

LEF1 and hsa-miR-33a might play pivotal roles in 
the progression of DN.  

Crucial genes associated with diabeti nephropathy explored by 
microarray analysis.  Zhikui Wang. 2016 



miRNA involved in diabetic 
nephropathy 





Histone Modification 

Epigenetic mechanisms in chromatin : 

Regulate gene expression , cellular identity, 
phenotypic variations , and disease states 
without any alterations in the underlying  DNA 
sequence. 

 







HDACs play an important role in TGFB1- 

mediated ECM production and kidney fibrosis in 
DN. 

HDACs play a role in the pathogenesis 

of renal fibrosis and in models of chronic renal 
injury induced by TGF-b1 modulation of key 
protective genes. 

Losartan 

Human genetics of diabetic nephropathy .Zi-Hui Tang, Fengfang 
Zeng. 2016 





 





                  TGF- B1 

 

                   NFkB 









Set7 

Chromatin modifying enzyme Set7 is 
upregulated in diabetic patients and involved in 
the regulation of transcription factor NF-kB, 

inflammation, oxidative stress, and endothelial 
dysfunction. 



 
T2DM 

Set 7 

H3 

CH3 
CH3 

CH3 

CH3 

Lysin 
Promoter 

Chromatin 
Remodeling 

NFK-B 
Gene 

NFK-
B p65 

Oxidative stress 
and Inflammation 

Vascular 
Dysfunction 

H3K4M1 



Conclusions 

Clinical and epidemiological studies have identified a 
genetic component to DN, although so far no specific 
gene has been identified. 

Combined with classical genetic approaches, epigenomic 
profiling has potential to identify molecular trajectories 
underlying diabetic vascular disease development.  

The clinical applicability of epigenetic interventions will 
be greatly advanced by a deeper understanding of the 
cell type specific functions and interactions of chromatin-
modifying machinery in the diabetic vasculature 
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