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Abstract

Purpose of Review—Precision medicine approaches, that tailor medications to specific 

individuals has made paradigm-shifting improvements for patients with certain cancer types.

Recent Findings—Such approaches, however, have not been implemented for patients with 

diabetic kidney disease. Precision medicine could offer new avenues for novel diagnostic, 

prognostic and targeted therapeutics development. Genetic studies associated with multiscalar 

omics datasets from tissue and cell types of interest of well-characterized cohorts are needed to 

change the current paradigm.

Summary—In this review, we will discuss precision medicine approaches that the nephrology 

community can take to analyze tissue samples to develop new therapeutics for patients with 

diabetic kidney disease.
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Introduction: What Is Precision Medicine?

In his 2015 State of the Union address, President Obama announced the Precision Medicine 

Initiative, proposing a broad $215 million grant to support the Million American Genome 

Initiative, a national study initiative for precision medicine involving the health records and 
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DNA of one million volunteers. The National Institute of Health defines precision medicine 

as follows (Fig. 1):

“Precision Medicine refers to the tailoring of medical treatment to the individual 

characteristics of each patient. It does not literally mean the creation of drugs or 

medical devices that are unique to a patient, but rather the ability to classify 

individuals into subpopulations that differ in their susceptibility to a particular 

disease, in the biology and/or prognosis of those diseases they may develop, or in 

their response to a specific treatment. Preventive or therapeutic interventions can 

then be concentrated on those who will benefit, sparing expense and side effects for 

those who will not. Although the term ‘Personalized Medicine’ is also used to 

convey this meaning, that term is sometimes misinterpreted as implying that unique 

treatments can be designed for each individual.”

Need for Patient-Oriented Precision Medicine Approaches

Diabetic kidney disease (DKD) is the most common cause of chronic kidney disease (CKD) 

in the USA and most of the world [1]. Histopathological characterization of kidney tissue 

samples remains the gold standard diagnostic criteria for DKD. Glomerular basement 

membrane (GBM) thickening (measured by point counting method of electron 

microscopical images; EM) and mesangial expansion observed on light microscopical 

analysis defines DKD [2••]. Nodular sclerosis is a highly specific, but not fully sensitive 

diagnostic criteria. DKD is also characterized by arterial hyalinosis and tubulointerstitial 

fibrosis. Early studies established an association between clinical presentations, such as 

albuminuria, cardiovascular disease, death, and histological lesions [3•, 4].

Progress in diabetic kidney research leading to new therapeutics development has been 

limited. Indeed, no new medicines indicated for the treatment of chronic kidney disease 

(CKD) have been approved since the AT1 receptor blocker (ARB) became the standard of 

care nearly 15 years ago. Several factors explain the limited progress, including but not 

limited to: (a) animal and cell culture models do not recapitulate human DKD; (b) DKD 

remains a clinical diagnosis with imprecise diagnostic criteria, and that (c) the clinical 

course of DKD is highly variable [5].

Laboratory mice have served as an invaluable tool for understanding the human disease 

development [6]. Mouse genetic tools have been developed enabling temporal- and cell-

type-specific gene manipulation. The development and characterization of genetically 

engineered mouse disease models have helped to identify key disease associated pathways 

for a variety of conditions. Unfortunately, mouse models do not recapitulate human DKD 

because most animals only develop early morphological changes of human diabetic 

nephropathy, including mesangial expansion and early functional changes such as mild 

albuminuria [6]. Hallmarks of progressive DKD, such as arterial hyalinosis and 

tubulointerstitial fibrosis on histology, as well as functional changes, as evidenced by 

declining glomerular filtration rate (GFR), have not been described in most mouse models 

[2••].
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In addition, human and murine kidneys show significant differences in gene expression and 

functional level [7]. Such differences may also explain the lack of translatability of 

pharmacological approaches aimed at treating DKD. DKD research must shift towards 

patient-centered and translational research approaches. Similar pivots in cancer, 

immunology, and neurodegenerative research have already led to prognosis-altering 

discoveries.

Lack of Reliable Diagnostic Biomarker

Even though histopathology remains the gold standard diagnostic criteria, very few patients 

with suspected DKD undergo kidney biopsy procedure. Instead, non-invasive diagnostic 

parameters are recommended to ascertain DKD diagnosis. Our society guidelines, state that 

in patients with CKD in the presence of diabetes and albuminuria, the diagnosis of DKD can 

safely be made. These recommendations were developed based on observations originating 

back to Mogensen et al. in the 1970–1980s [3•, 4, 8, 9]. Mogensen classified DKD as a 

progressive disease (stages I–V). Stage I and II were mainly preclinical stages representing 

hyperfiltration and then glomerular lesions in the absence of clinical disease, respectively. 

Stage III represented “incipient diabetic nephropathy” with the presence of 

microalbuminuria (30–300 mg/day) while stage IV represented “overt diabetic nephropathy” 

with macroalbuminuria (>0.5 g/day) and progressive GFR decline with ultimate end-stage 

renal disease, or stage V. Studies from the 1980s indicated that early DKD can be diagnosed 

based on microalbuminuria [10]. Indeed, studies show statistically significant increased risk 

(3.6–4.8) between ESRD in patients with DM and microalbuminuria. This indicates that 

microalbuminuria can identify subjects with increased risk of irreversible GFR decline and 

ESRD.

Recent studies, however suggest that microalbuminuria is a poor diagnostic marker of DKD. 

Many patients, especially those with type 2 diabetes, do not manifest excessive urinary 

albumin loss, yet still develop CKD and ESRD. Indeed, of the 28% in the United Kingdom 

Prospective Diabetes Study (UKPDS) cohort who developed moderate to severe renal 

impairment, half did not have preceding albuminuria. And of the 11% of patients with type 1 

diabetes in the Diabetes Control and Complications Trial (DCCT) who developed an eGFR 

< 60 ml/min/1.73 m2, 40% never had experienced overt proteinuria [11]. In addition, the 

majority of patients with microalbuminuria do not exhibit a progressive increase in urinary 

albumin excretion as described by the classic course. Both treatment-induced and 

spontaneous ‘remission’ of albuminuria [12, 13] seem to occur. Consequently, individuals 

with microalbuminuria may be better regarded as being at increased risk of developing 

progressive renal disease, as well as cardiovascular disease and other diabetic complications, 

rather than as having DKD per se.

These observations suggest that disease manifestation could have changed over the last 

several decades, or observations made in a small cohort of patients with type1 diabetes are 

not fully generalizable to large cohorts of patients with type 2 diabetes. Current 

observational cohorts indicate that albuminuria and GFR might be independent 

manifestations of DKD. Some patients present with albuminuria while others only show 

GFR decline in the absence of albuminuria. Treatment with blockers of the renin angiotensin 
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aldosterone system, that is now standard of care, significantly reduces albuminuria and 

might contribute to these changes in presentation; however, it does not explain it. According 

to the review of MacIsaac et al., somewhere between 20 and 70% of patients with DKD have 

reduced GFR with normoalbuminuria (depending on the cohort), most of this is not related 

to RAAS blockade.

DKD in the absence of albuminuria appears to be a novel clinical presentation of DKD. 

Patients with type 1 diabetes, normoalbuminuria, and low GFR appear to show classic 

changes of DKD by histopathological analysis. On the other hand, type 2 patients appear to 

have heterogeneous histological changes. The Fioretto group showed that some subjects 

have normal or near-normal histology, some present with typical diabetic nephropathy, some 

with atypical histology with disproportionately severe interstitial/tubular/vascular damage, 

while others have no or only mild diabetic glomerular changes [14, 15].

The gold standard, histopathological diagnosis, is recommended for patients who show 

atypical presentation and those with diabetes and positive serological indicators of non-

diabetic kidney disease (such as low complement, positive HIV or protein electrophoresis 

screen). The Columbia Renal Pathology group recently analyzed all biopsy samples 

obtained from patients with diabetes [16••] to understand the value of these diagnostic 

recommendations. Among 2642 native kidney biopsies examined in 2011, they found that 

620 (23.5%) came from patients with diabetes [16••]. On histological diagnosis, 37% of 

patients had DKD alone, 36% had non-diabetic renal disease (NDRD) alone, and 27% had 

DKD plus NDRD. In multivariate analyses, longer duration of DM was associated with a 

greater likelihood of DKD and a lower likelihood of NDRD: each added year of diabetes 

reduced the odds of NDRD by 5% (odds ratio, 0.95; 95% confidence interval, 0.91 to 0.98; P 
= 0.004). DM duration ≥12 years was the best predictor (58% sensitivity, 73% specificity) of 

DKD alone. In contrast, serological screens with low complement levels (C3 and/or C4), M-

spike in either serum or urine, positive viral serologies for hepatitis, HIV, and active urine 

sediment did not predict the presence or absence of histopathological DKD.

DKD remains a histopathological diagnosis. While initial studies indicated that albuminuria 

could be used as an important diagnostic biomarker, the diagnostic value of albuminuria has 

recently come under spotlight. Novel precision medicine-based diagnostic biomarkers are 

desperately needed for DKD. These novel diagnostic markers, however, will need to be 

calibrated against the current gold standard: histopathology, highlighting the critical need for 

biopsy tissue samples from patients with diabetes.

Great Emphasis, but Limited Success with Predisposition DKD Biomarkers

Not everyone with diabetes develops kidney disease. The exact number of patients with 

diabetes and kidney disease remains elusive, due to diagnostic issues detailed above. Of the 

approximately 400 million people with type 2 diabetes worldwide, approximately half will 

have evidence of CKD. Approximately one in five adults with type 2 diabetes will have an 

eGFR of <60 ml/min/1.73 m2 and between 30 and 50% will have elevated urinary albumin 

excretion [17•]. The incidence of CKD in type 1 diabetes differs from that observed in type 

Gluck et al. Page 4

Curr Diab Rep. Author manuscript; available in PMC 2018 January 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2 diabetes. It is estimated that approximately one third of all people with type 1 diabetes will 

develop CKD over the course of their lifetime.

Poor glycemic and blood pressure control in addition to genetic predisposition remain the 

key factors that determine predisposition to DKD. Genetic studies have played a critical role 

in precision medicine and therapeutics development for multiple reasons. Recent advances 

in sequencing technology made genetic analysis significantly faster and easier. Furthermore, 

genetic analysis has a high yield of identifying causal genes and pathways as genetic 

variations are established before disease development (Fig. 2).

Human genetic studies have already made paradigm-shifting observations in relatively rare 

monogenic forms of kidney diseases (including polycystic kidney disease and focal 

segmental glomerulosclerosis). DKD, on the other hand, follows a complex polygenic 

pattern. Currently, the most powerful method to define the genetics of complex diseases such 

as DKD is genome-wide association studies (GWAS), where associations between 

polymorphisms and disease states are tested. To understand the genetics of DKD, GWAS 

have been performed to identify genetic variants that are significantly associated to DKD. 

For example, the GEnetics of Nephropathy: an International Effort (GENIE) consortium 

identified a significant locus for DKD subjects with type 1 diabetes (T1D) in a 12,000 

cohort. The meta-analysis for DKD in T2D in the Family Investigation of Nephropathy and 

Diabetes (FIND) study discovered one locus at chromosome 6q25.2 in American Indians 

[18] and one locus was discovered at chr2 in T2DM-ESRD in African Americans [19]. The 

Finnish Diabetic Nephropathy (FinnDiane) Study found association on chromosome 2q31.1 

[20]. The inconsistency between published DKD and GWAS reflects that each study has 

different disease criteria; for example, the FIND study did not include microalbuminuric 

participants, choosing to use only individuals with advanced nephropathy with modest 

sample size. The CKDGen consortium has been a bit more successful in identification of 

genetic variants associated with kidney function in a large (>100,000 samples) mostly 

European population. They have identified close to 70 loci associated with kidney function 

and disease in diabetic and non-diabetic populations [21].

Unfortunately, the biology explaining the GWAS association studies remains elusive. More 

than 90% of CKD-associated variants are localized to non-coding regions. Non-coding 

variants present special challenges as there are no simple tools that would allow prediction 

of functional consequences of such variations. Identification of target genes and target cell 

types that are affected by these genetic variants is necessary to explain the associations 

between genetic variants and phenotype [22]. Such studies require large collection of human 

tissue samples from disease-relevant organs.

The expression of quantitative trait loci (eQTL) method examines correlation between 

genetic variants and gene expression levels. eQTL is able to identify genetic variants that are 

associated with the heritability of gene expression. The integration of eQTL studies with 

GWAS analysis provides a powerful analytical framework to identify variants associated 

with disease development (GWAS) and target gene expression (eQTL) (Fig. 2). There is a 

large NIH funded consortium (GTEx, Genotype-Tissue Expression) working to correlate 

genetic variations and gene expression changes in 1000 patients and more than 50 tissue 
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samples. Unfortunately, the GTEX consortium has only been able to collect a limited 

number of kidney samples [23]. To fill this gap, our group has generated one of the first 

eQTL maps for human kidney samples from people of European descent. Combining the 

eQTL and GWAS datasets, we were able to identify genes for which expression is associated 

with the GWAS identified genetic variants in human kidney tissue samples. These genes can 

serve as potential targets for the GWAS studies. This integrative approach highlighted that 

mannosidase beta is a likely CKD target gene. Validation studies using the zebrafish model 

system confirmed the role of MANBA in kidney development (Ko and Susztak 

unpublished). These studies highlight the critical need for human tissue samples and genetic 

approaches in understanding disease predisposition.

Of the environmental factors hyperglycemia, probably as a measure of metabolic 

dysfunction, seems to be essential for DKD development, as no DKD is observed in patients 

in the absence of diabetes. Furthermore, natural history studies (mostly in subjects with 

type1 DM) indicate that the degree of hyperglycemia correlates with DKD incidence. Based 

on these observations, investigators have tried to control glycemia almost to the degree of 

non-diabetic levels in the ACCORD, ADVANCE, and VA-DT clinical trials [24]. 

Surprisingly, these studies failed to show lower mortality and complication rates. Several 

researchers propose that a “metabolic memory” effect might be responsible for these 

unexpected results. For example, metabolic dysregulation results in epigenetic alterations 

causing not only acute but sustained differences in gene expression. These differences are 

maintained during cell division over several decades. Several experimental and human 

studies support the metabolic memory theory in DKD. Epigenetic differences have been 

observed in endothelial cells cultured in high glucose medium; these differences are 

maintained even after the cells are returned to “normal” glucose solution. Epigenetic 

differences may explain the increased inflammatory gene expression in DKD. Several 

studies describe cytosine methylation differences in blood samples of patients with DKD 

compared to controls. As the epigenome is cell type specific, the study by Ko et al. is 

especially important. It indicates that cytosine methylation changes can be observed in 

kidneys of patients with CKD [25•]. Furthermore, cytosine methylation changes correlated 

with gene expression differences supporting their functional role in DKD.

The clinical use of predisposition markers remains elusive as we do not have clear 

therapeutic options besides good glycemic and BP control for subjects with DM. Genetic 

and epigenetic markers, however, can provide critically needed insight into disease 

pathogenesis.

Prognostic Biomarkers

Therapeutic interventions for DKD are aimed at reducing death and ESRD. The greatest 

emphasis is therefore placed on prognostic DKD biomarkers that can be used to identify 

patients who will reach these endpoints. A critical issue has been that the progression of 

diabetic kidney disease is highly variable and potentially confounded by an age-associated 

decline in kidney function [26•]. Data from large observational cohorts indicate that decline 

in GFR does not always follow a linear course and also depends on baseline kidney function. 

Such studies contributed to emphasizing patients termed as “rapid progressors”. Although 
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there is not a clear consensus as to this definition, many studies define rapid progressors as 

patients with greater than 3 ml/year GFR decrease but alternative cut-points as rapid as 10 

cm3/year have also been used. Identification and clinical characterization of rapid 

progressors became the focus of several large-scale efforts as these are the patients who 

would likely benefit from intensive clinical management [27]. Recent post hoc analyses of 

the Irbesartan Type II Diabetic Nephropathy Trial and Reduction of Endpoints in NIDDM 

with the Angiotensin II Antagonist Losartan studies also showed that clinical trial outcomes 

are mostly driven by a small number of subjects with unusually rapid progressive GFR 

decline.

The clinical and histological characteristics of subjects with rapid vs. slow progression are 

not well understood. Albuminuria remains one of the strongest risk factors for progression. 

Some of the latest studies indicate that using a 4- or a 6-variable model that includes 

albuminuria, age, sex, serum phosphate, serum calcium, and serum albumin has a C-

statistics score of 0.84–0.91 to predict progression and ESRD [28, 29••].

During the last few years, several additional new bio-markers have been described that can 

potentially also identify patients at increased risk for rapid loss of kidney function. For 

example, blood and urinary levels of Kidney Injury Molecule-1 (KIM1) shows promise to 

identify patients who are at risk for kidney function decline. Recently, Krolewski et al. 

showed that circulating levels of tumor necrosis factor receptor 1 and 2 (TNFR1 and 

TNFR2) can identify patients with rapidly declining renal function [6, 30, 31]. According to 

studies published by the Joslin Diabetes Center, the cumulative incidence of ESRD for 

patients in the highest TNFR1 quartile was 54% after 12 years but only 3% for the other 

quartiles (P < 0.001). On the other hand, subjects with higher TNFR1 and TNFR2 also had 

lower baseline GFR and higher albuminuria values. Therefore, at present it is not clear 

whether serum TNFR1 and TNFR2 can predict progressive DKD independently of 

albuminuria and kidney function. Unfortunately, these findings are only validated in few 

independent studies. In addition, studies have not been performed to examine the correlation 

between TNFR1 or TNFR2 and histological manifestation of DKD to show the specificity of 

these markers for DKD [32].

In clinical practice, kidney biopsy is often performed to evaluate the degree of fibrosis as it 

is perceived that fibrosis and glomerulosclerosis are the best indicators of progression. Due 

to the lack of samples, few studies, however, have tested this hypothesis formally. This likely 

reflects that the current standard of care does not require renal biopsy for diagnostic or 

prognostic purposes. In addition, samples from patients without significant renal disease 

would also be needed to develop correlation analysis. Recently, Mise et al., reported that in 

patients with diabetes who underwent renal biopsy for clinical purpose, renal fibrosis score 

correlated with hazard rate of ESRD (HR 2.31) and improved current models for progression 

prediction [33]. Menn-Josephy et al. analyzed 434 consecutive renal biopsies at a single 

center and showed that for patients less than 70 years of age, greater than 50% interstitial 

fibrosis was predictive of progression to dialysis (C = 0.866) and when added to a full-

prediction model (including known risk factors) it improved upon the predictive ability of 

the model [34]. However, this was not true for those over age 70 years old, as well as those 

with histological evidence of diabetic nephropathy. In summary, additional studies are 
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needed to identify novel biomarkers of risk of progression. These studies should also include 

histopathological diagnostic and prognostic parameters.

Precision Medicine and Targeted Therapeutics

The primary goal of precision medicine is to improve survival and prevent ESRD. While 

novel diagnostic and prognostic biomarkers are essential to reach this goal, the ultimate goal 

is to develop targeted and impactful therapeutics. For therapeutic target identification, 

pathways that are causal to disease development are essential. While patient studies are very 

effective in establishing association between disease traits and prognosis, it is difficult to 

establish causality in patient-oriented studies. In general, the Hill’s criteria are used to 

establish causality including; effect size, reproducibility, specificity, temporality, biological 

gradient, plausibility, and coherence in addition to experiments and analogy. This is 

particularly difficult in fields where mouse models do not faithfully recapitulate the disease 

condition, given experimental studies are still considered gold standard to define causality. 

Lack of reliable experimental systems lead to increasing reliance on temporal relationships 

to infer causality and genetic variation to prove the causal relationship. Indeed, the best 

precision medicine examples come from large effect size genetic variants observed in 

patients with cancer. In certain types of cancer, genetic studies have made paradigm-shifting 

observations by identifying cancer driving mutations. Targeting these mutations such as 

EGFR in lung cancer and B-Raf in melanoma resulted in novel targeted therapeutics. 

Similarly, gain and loss of function variants in PCSK9 resulted in novel targets for 

hyperlipidemia. These “genetically targeted” therapeutics not only made major impact on 

patients’ lives but also remarkably increased the speed of drug development and approval. 

Several other ‘omics’ approaches have been applied to identify causal targetable pathways 

for disease development. These include epigenetics, transciptomics, proteomics, and 

metabolomics. These methods are appealing as these analytes are closer to phenotype 

development (Fig. 2). To take these studies to their full potential, it is essential that they are 

performed on tissue samples obtained from healthy and diseased human samples. 

Comprehensive metabolome-wide association studies and proteomics have been performed 

for CKD and future functional decline [35]. As of yet, no metabolite and protein markers has 

been identified that could consistently improve upon existing prognostic models. 

Furthermore, blood protein and metabolite changes do not fully translate to kidney specific 

differences making it exceedingly difficult to develop a coherent and targetable hypothesis 

based on these markers.

Transcriptomics and epigenetic profiling of human diabetic kidney disease samples have 

been performed and published for a limited number of samples [36]. These studies identified 

the dysregulation of several key pathways. Inflammation and metabolic pathway associated 

genes represent the largest gene group functions showing association with kidney function 

(eGFR) or structural damage (fibrosis). This association appears strong, coherent, and 

reproducible in multiple studies. The association between inflammatory gene expression 

such as CCL2, CCL5, and DKD development could also be replicated in mice, and genetic 

or pharmacological intervention studies indicated that the increase in cytokine levels 

contribute to DKD development [37]. Despite the strong preclinical data, human phase II 

studies only indicated modest effect size for CCL2 and CCL5 blockers for DKD 
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development. Transcription factor targeting (such as Jak) seemed to be more effective, albeit 

associated with side effects. The transcriptomics data also indicated a decrease in expression 

of genes associated with fatty acid oxidation and mitochondrial content [38]. Clinical studies 

show a modest effect size in preserving kidney function with the use of PPARA agonist 

fenofibrate [39]. While transcriptomic studies are very powerful to demonstrate the 

dysregulation of specific pathways, they are confounded by the massive amount of 

secondary changes, making it challenging to identify a single causal gene or protein. In 

addition, cells and organs mostly exist as networks and any small differences in expression 

levels will trigger compensatory changes.

Many researchers are proposing collection of samples from patients with early stage disease 

or even at healthy state (before disease development) to address issues around temporality 

and causality. This is an interesting and important proposal and such approaches will likely 

reduce secondary changes induced data noise. Unfortunately, given the small expected effect 

size and the inherent variability of the transcriptomic studies, it would require a very large 

sample size to compensate for these issues. As of now, we are not aware of any studies that 

would have the power to successfully identify therapeutic targets using such approaches.

Following this logic, collecting “control or healthy” tissue samples with associated genetic 

data appears to be the most powerful method for the identification of causal pathways. We 

know GWAS studies can establish the genotype-phenotype association (and disease risk 

development). Furthermore, genetic variations have been selected over millions of years and 

thereby fully tested by nature for tolerability. Network level analysis and transcript profiling 

at baseline and following system perturbation is also essential to identify critical genes and 

nodes in DKD development. This framework would then further benefit from other omics 

analysis such as proteomics and metabolite level characterization. In summary, tissue level 

omics characterization is then essential to complement genetic and biomarker studies to 

understand disease mechanism and therapeutics targeting.

Conclusions: a Vision for the Future

There is a critical need for precision medicine-based approaches for diagnostic, prognostic, 

and therapeutics development in DKD. It is increasingly clear that these approaches rely on 

using tissue samples from well-phenotyped patient cohorts. As histopathological diagnosis 

remains the gold standard criteria for DKD, all future diagnostic markers will need to be 

calibrated to the current gold standard approach. The demand for better diagnostic 

approaches is vast as it seems that the clinical manifestation of disease is different from 

those originally observed by Mogensen in the 1980s.

The need for novel precision medicine-based targeted therapeutics cannot be greater. This 

requires the generation of large multiscalar datasets using human tissue samples and 

associated genetic data to increase the statistical power to identify causal genes and 

pathways. As current society guidelines do not necessitate the kidney biopsy procedure for 

DKD, there is a significant challenge to obtain such critical tissue samples. Research 

biopsies on a small cohort (<100) samples have been performed by the Nelson and Mauer 

groups. These groups have reported low complications rates in their single center studies. 

Gluck et al. Page 9

Curr Diab Rep. Author manuscript; available in PMC 2018 January 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Use of nephrectomies can also represent an important source of tissue material. While we 

cannot exclude increased heterogeneity due to ischemia that occurs during the surgery, it can 

also provide critically needed control samples from patients with diabetes and/or 

hypertension in absence of kidney disease. Our group has collected more than 1600 samples 

with associated clinical information and associated genetic, epigenetic, and genomics 

datasets [25•, 36, 40]. As a first step in precision medicine approaches, collecting and 

analyzing all clinically indicated biopsies from patients with diabetes will likely be essential. 

Our initial assessment indicates that patients with rapidly progressive GFR decline are 

overrepresented in the biopsy group. Capturing this group is critically needed for future 

therapeutics development. TRIDENT; transformative research in diabetic nephropathy is a 

novel phase 0 study aiming to recruit 300 patients with diabetes and clinically indicated 

kidney biopsies, and perform histological, genetic, genomics, and epigenetic analysis of 

these samples. The aim is to identify genes and pathways associated with rapid functional 

loss; this phenotype is enriched in the clinically indicated biopsy group. Furthermore, the 

NIDDK has put forward an ambitious proposal to collect kidney tissue samples and perform 

genetic, genomics studies for novel target identification for chronic and acute kidney 

disease. These new developments should have a significant impact and will hopefully be 

able to turn the corner in diabetic kidney disease and lead to much needed new diagnostics 

and therapeutics.
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Fig. 1. 
Precision medicine approaches for diabetic kidney disease
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Fig. 2. 
Integrated omics analysis to understand diabetic kidney disease
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