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➢A bit about me

➢Northern Ireland

➢Queen’s University Belfast

➢My career track

➢ Chronic Kidney Disease (CKD)

➢Diabetic Kidney Disease (DKD) Genetics

➢DKD Epigenetics

➢DKD miRNA analysis

➢Oculomics

➢Kidney Transplantation

Outline of my talk
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Diabetes and it’s complications



Diabetes around the world in 2021
Europe Western Pacific



Complications of diabetes mellitus



➢CKD means your kidneys are damaged and can’t filter 
blood the way they should. 

➢The disease is called “chronic” because the damage to 
your kidneys happens slowly over a long period of time. 

➢This damage can cause waste to build up in your body. 

➢CKD can also cause other health problems.

➢Estimated to be the 5th leading cause of death by 2040.*

Chronic Kidney Disease (CKD)

*NCD Alliance



Kidney Disease: Improving Global Outcomes (KDIGO) CKD 

Work Group. Kidney Int Suppls. 2013;3:1-150.

➢Abnormalities of kidney structure or function, present 
for >3 months, with implications for health

➢Either of the following must be present for >3 months:

➢GFR <60 mL/min/1.73 m2

➢ACR >30 mg/g

➢Markers of kidney damage (one or more*)

*Markers of kidney damage can include nephrotic syndrome, nephritic syndrome, 

tubular syndromes, urinary tract symptoms, asymptomatic urinalysis abnormalities, 

asymptomatic radiologic abnormalities, hypertension due to kidney disease.m²

Criteria for CKD



Non-Modifiable

➢Family history of kidney disease, 
diabetes, or hypertension

➢Age 60 or older (GFR declines 
normally with age)

➢Belong to a population group with a 
high rate of diabetes or hypertension, 
such as African Americans, Hispanic 
Americans, Asian, Pacific Islanders, 
and American Indians

Main CKD Risk Factors



Modifiable

➢Diabetes

➢Hypertension

➢History of AKI

➢Frequent NSAID use

ESRD, end stage renal disease. USRDS ADR, 2007

Diabetes and hypertension are 

leading causes of kidney failure

Incident ESRD rates, by primary diagnosis, adjusted for age, sex, & race.

Main CKD Risk Factors
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Kidney failure: dialysis/transplant

➢Renal function declines over time

➢Eventual outcome: dialysis or 

kidney transplant

➢Rate of decline varies by person

➢Aim: slow the rate of decline = 

delay dialysis/transplant

Fast decline

Moderate 
decline

Slower decline beginning later in life

CKD Treatment Rationale



Genetics and Diabetic Kidney Disease



Genetic Risk in Diabetic Kidney Disease (DKD)

➢Diabetes is the leading risk factor for 
kidney disease

➢Type 1 diabetes affects >9M people 
globally, with approximately 40% 
developing diabetic kidney disease. 

➢All excess mortality in type 1 diabetes 
(T1D) associated with DKD1

➢DKD is inherited in T1D2,3,4

➢ Sibling risk λS = 2.1 3

1 Groop et al. Diabetes 2009 
2 Seaquist et al. NEJM 1989; 3 Quinn et al. Diabetologia 1996; 4 Harjutsalo et al Diabetes 2004
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DKD and mortality in patients with T1D



Familial aggregation of DKD

16-Jun-23 Gareth McKay • Mahidol University, Bangkok Thailand 2023 22

2.1-2.3X increased risk of DKD

in T1D siblings of probands with DKD



GWAS in DKD

23

• Diabetes 2009
• US GoKinD
• Discovery 1.7K
• No GWS findings

• 2012
• GENIE
• Discovery 6K
• 2 GWS findings for 

ESRD, none for DN

• JASN 2013
• FinnDiane
• Discovery 3.6K
• 1 GWS finding for 

ESRD in women



T2D DKD GWAS

16-Jun-23 24

➢ Diabetes 2018
➢ SUMMIT
➢ Discovery 5.7K
➢ No reproducible 

findings
➢ Combined T2D+T1D

➢ PLoS Genet 2015
➢ FIND
➢ Discovery 6.2K
➢ Multiethnic
➢ One GWS finding at 

SCAF8-CNKSR3



Diabetic Nephropathy Collaborative Research Initiative

US GoKinD
Joslin
DCCT/EDIC
RASS
WESDR
CACTI
EDC

FinnDiane
InterDiane
UK-ROI
Scotland
France-Belgium
Steno (Denmark)
Sweden
Italy

17 cohorts
19,406 participants

16-Jun-23 25



Phenotype definitions 
and contrasts

16-Jun-23 26

➢Genome-wide significance:
➢ P<5×10-8

➢ 10 phenotypes + 2 covariate models
➢ 7.4 effective tests
➢ Experiment-wide significance:
➢ P<6.76×10-9



Results

16-Jun-23 Jose C. Florez • ASN Kidney Week 2022 27



Associations point to causal genes:
Asp326Tyr in COL4A3 protects against DKD

OR 0.79, P = 5×10-12

EAF 20.6% in Europeans
(5% in Africa, 11% in Asia) 

16-Jun-23 28



COL4A3 encodes the a-3 subunit of type IV 
collagen, a major structural component of the GBM

Hudson BG et al. N Engl J Med 2003;348:2543-2556

16-Jun-23 29

Rizaldy Scott & Susan Quaggin 
J Cell Biol 2015;209:199-210

rs55703767

Asp326Tyr

Collagenous domain NC17S



➢Stratification by HbA1c in FinnDiane

➢Time-weighted mean HbA1C: 1-129 measurements (mean 19, IQR 9-32)

➢Stratification at HbA1c ≥7.5% or <7.5% (58 mmol/mol)

➢COL4A3: Association when HbA1c ≥7.5%, no association when HbA1c <7.5% 
(protection in hyperglycemia)

➢Protection stronger in conventional arm of DCCT/EDIC (higher HbA1c)

➢→ Diabetic nephropathy

Interaction with hyperglycemia

16-Jun-23 30



Ultrastructural phenotype

16-Jun-23 31

➢ RASS study
➢ N=253
➢ Thicker GBM seen in DKD
➢ Protective T allele 

associated with thinner 
GBM (22.8 nm per allele, 
P=0.006)



With SUMMIT T2D: COL4A3 remains the top association signal

16-Jun-23

n=26,785



COL4A3 is preferentially expressed in 
podocytes, and correlates with fibrosis

16-Jun-23 33

Human Diabetic Kidney data set (23,980 nuclei) 
Wilson et al. PNAS 2019 
http://humphreyslab.com/SingleCell/displaycharts.php

Sandholm, Cole et al. (Diabetologia 2022)

433 tubular and 335 glomerular nephrectomy 
samples with DKD and hypertensive CKD



GWAS Summary for DKD

➢In the largest genetic study of T1DKD to date, we discovered 16 novel associations 
with DKD

➢We found a protective missense variant in COL4A3
➢The effect was consistent across cohorts
➢The association appeared to be driven by proteinuria
➢The association was dependent on glycemia
➢The variant was associated with a structural phenotype

➢Expression of COL4A3 is correlated with fibrosis in human tubular samples

➢There is no association of the index variant with levels of COL4A3 expression

➢Other signals lie in genes with biological plausibility (COLLEC11, DDR1)

16-Jun-23 34



Current directions for DKD genetics studies – GENIE 3

• Combine T1DKD and T2DKD (>150K)

16-Jun-23 35

V. Nair, 
M. Kretzler, 
J. Harder 
(unpublished)

• Functional follow-up of findings
• Humanized mouse – J. Miner

• Collagen biomechanics – R. Lennon

• Organoids – M. Kretzler, J. Harder, P.-H. Groop

• scRNAseq – K. Susztak



Epigenetics and Diabetic Kidney Disease



Genes are inherited - they only influence individual development if they are expressed. 

Gene expression depends on a range of factors including those in the environment

Genes determine 
How cells function

Epigenetic influences affect 
how and when genes are 

expressed

➢‘Epi’: On top of 

➢Definition:
- changes in organisms caused by modification of gene 
expression rather than alteration of the genetic code itself.

What is ‘Epi’ genetics?



Epigenetics is the science of how genes and 
environment interact within an individual

Epigenetics



Epigenetic mechanisms

Expression of a DNA depends on two main factors acting on the DNA tail:

Methylation
➢Adding a methyl group prevents the genes being read and effectively ‘turns off’ the genes. 

Acetylation
➢Adding an acetyl group makes a DNA strand accessible and effectively turns it on.

Diet, exercise, pollution, sun 
exposure, smoking/toxins 

and age are the main factors 
effecting epigenetics 



Epigenome-wide meta-analysis identifies DNA methylation 
biomarkers associated with diabetic kidney disease

16-Jun-23 40

➢ Evidence suggests epigenetic alterations, such as DNA methylation, in DKD. 

➢ Blood-derived genome-wide DNA methylation assessed for association 
with DKD in 1304 well characterised individuals from T1D cohorts from 
United Kingdom/Ireland & Finland. 

➢ DKD cases had persistent macroalbuminuria (AER > 300mg/ml) in urine; 
controls had normal range AER despite a long duration of T1D (≥15 yrs).

DNA bisulphite 
treated (Zymo EZ 

DNA methylation kit)

RnBeads and 
Bioconductor R 

packages used to 
adjust for covariates

RnBeads was used for 
additional QC

β values generated, 
M values derived, 

and p values 
computed for all CpG 

sites

Comparisons of 
differentially 

methylated CpGs 
(dmCpGs) between 
cases and controls

Analyses were performed for each cohort in turn before 
meta-analysing the results using METAL

Sample analyses
Illumina 

MethylationEPIC 
Array and iScan

Illumina’s BeadArray 
Controls Reporter to 
ensure output .idat 
files passed quality 

thresholds



Epigenetic associations with diabetic kidney disease
HypermethylationHypomethylation

Enrichment of DKD-associated CpGs with a p < 10-5 using the web-based EWAS atlas platform.

➢ Meta-analysis identified 32 differentially methylated CpGs with DKD in T1D, 18 of which were located 
within genes differentially expressed in kidneys or correlated with pathological traits in DKD.

➢ Follow-up data was available for 397 DKD cases to evaluate progression to kidney failure.

➢ Methylation at 21 of the 32 CpGs were shown to predict development of kidney failure, potentially 
identifying individuals at greater risk for DKD in T1D.



Epigenetic associations with diabetic kidney disease

➢ Enrichment of DKD-associated CpGs in TSS.

➢ Meta-analysis identified 32 differentially methylated CpGs with DKD in T1D, 18 of which were located 
within genes differentially expressed in kidneys or correlated with pathological traits in DKD.

➢ Follow-up data was available for 397 DKD cases to evaluate progression to kidney failure.

➢ Methylation at 21 of the 32 CpGs were shown to predict development of kidney failure, potentially 
identifying individuals at greater risk for DKD in T1D.



miRNA’s and Diabetic Kidney Disease



Differential urinary exosomal microRNA  expression in DKD

➢Current biomarkers to identify DKD lack sensitivity to detect 
early kidney damage.

 
➢miRNAs - short, non-coding, regulatory RNA molecules 

commonly found in urinary exosomes and differentially 
expressed as renal function declines. 

➢ Study 1 - We evaluated 87 urinary exosomal miRNA 
expression using miRCURY PCR panel (Qiagen) in a discovery 
cohort with T2DKD (n = 14) and age & sex-matched controls 
with T2D & normal renal function (T2DNRF; n = 15).



➢ In discovery cohort, miR-21-5p, let-7e-5p & miR-23b-3p significantly upregulated in T2DKD. 

➢Conversely, miR-30b-5p & miR-125b-5p significantly lower in T2DKD. 

Differential urinary exosomal microRNA  expression in DKD



➢ Independent miRNA validation performed in 2nd cohort with T2DKD (n = 22) & 2 control 
groups: T2DNRF (n = 15) & CKD controls without diabetes (CCKD; n = 18).

➢ Independent validation confirmed 2 miRs - up-regulation of miR-21-5p in T2DKD (2.13-
fold, p = 0.006) & CCKD (1.73-fold, p = 0.024).

Differential urinary exosomal microRNA  expression in DKD



➢ Independent miRNA validation performed in 2nd cohort with T2DKD (n = 22) & 2 control 
groups: T2DNRF (n = 15) & CKD controls without diabetes (CCKD; n = 18).

➢ Independent validation confirmed 2 miRs - up-regulation of miR-21-5p in T2DKD (2.13-
fold, p = 0.006) & CCKD (1.73-fold, p = 0.024).

➢ In contrast, miR-30b-5p was downregulated in T2DKD (0.82-fold, p = 0.006) & CCKD 
(0.66-fold, p < 0.002). 

Differential urinary exosomal microRNA  expression in DKD



➢ Identified differential expression of miR-21-5p & miR-30b-
5p in individuals with either DKD or poor renal function. 

➢These miRNAs may represent potential biomarkers 
associated with the pathogenesis of renal dysfunction.

Differential urinary exosomal microRNA  expression in DKD



Study 2

➢ Used miRNA NGS RNA - Seq to measure differential expression of plasma miRNAs in T2D 

patients with (n=9) or without (n=13) kidney disease and non-diabetic normal renal function 

(n=11) to identify novel miR biomarkers of kidney dysfunction.

➢ miR-190a-3p significant lower expression in T2DKD in discovery and validation cohorts

Reduced tubular miR-190a-5p a novel biomarker for 
stratification of patients with DKD

miR-190a-5p



Validation of differential expression of mir-190a-5p in DKD 
by ACR stage in the prospective seNSOR cohort



Lower miR-190a-5p

Higher miR-190a-5p

ACR <3 ACR 3-300 ACR >300

p = 0.028

p = 0.048

p = 0.78

➢ Positive correlation between miR-190a-5p and eGFR (rho = 0.12, p=0.04) & inversely with age (rho = -0.12, p=0.04).
 

➢ MiR-190a-5p levels below the median predict CKD progression in those with minimal and moderate albuminuria 
(ACR < 300mg/mmol respectively) but not in those with severe albuminuria (ACR > 300mg/mmol).

Validation of differential expression of mir-190a-5p in DKD 
by ACR stage in the prospective seNSOR cohort



Murine model miR-190a-5p expression

EC F480Hi Mac LTL+ PT PDGFRβ+

➢ miR-190a expression in renal cell types in the reversible unilateral ureter obstruction 
mouse model shows enrichment in proximal tubule cells

LTL+ PT

➢ miR-190a expression falls significantly following injury before increasing again during 
the repair phase.

➢ Low serum miR-190a may predict declining renal function in patients with low or 
moderate proteinuria, independent of existing risk factors.



Oculomics in Diabetic Kidney Disease



What and why measure the eye?

➢ Leading causes of visual impairment associated with CKD  (Zhu et. al. 2020) - 

Cataract, AMD, Glaucoma and any retinopathy

➢ Previous reported associations between renal function & retinal parameters.

➢ Associations may reflect systemic vascular effects and /or renovascular damage.

➢ Retina - a non-invasive, opportunistic microvascular imaging.

➢ Significant advances in retinal imaging technology and analysis applications.

➢ Renal biopsy and vascular imaging procedures are invasive

Wong et al., Kidney International, 2013



➢ Stratified random sample of ~8500 men/women aged 50+ in Northern Ireland

➢ Computer Assisted Personal Interview (CAPI) plus self-completed questionnaires- social, behavioural, 

economic and environmental aspects of ageing including diet, mental health, physical activity

➢ Longitudinal : Repeated measures every 2-4 years

➢ Health Assessment – 

➢ Cardiovascular, cognitive and respiratory health

➢ Visual function including retinal imaging

➢ Anthropometry

➢ Physical function

➢ Biological samples

Northern Ireland Cohort of Longitudinal Ageing (NICOLA)

CKD status  SeCr Adjusted (Min) Adjusted (Full)
Retinal parameter OR 95% CI P Value OR 95% CI P Value

Arteriolar Calibre (PX) 1.23 0.25,5.96 0.80 1.85 0.30, 11.50 0.51

Venular Calibre (PX) 0.97 0.18, 5.43 0.98 0.59 0.08, 4.24 0.60

Arteriolar Fractal dimension 1.11 0.92, 1.34 0.28 1.16 0.94, 1.42 0.16

Venular Fractal dimension 0.84 0.70, 1.00 0.05 0.86 0.70, 1.06 0.17

Arteriolar Tortuosity 1.05 0.88, 1.25 0.60 1.03 0.85, 1.24 0.77

Venular Tortuosity 1.34 1.13, 1.58 <0.01 1.29 1.08, 1.54 <0.01

Min adj: age, sex; Full: age, sex, diabetes, smoking, education, BMI, antihypertensive medication, MABP, triglycerides, HDL & LDL.



➢Participants (n = 241) - mean age: 65 yrs; mean eGFR: 67 ml/min/1.73m2. 39% had diabetes.
➢Reduced retinal thickness, in particular a thinner inner retinal layer and microvascular 

complexity associated with CKD stage 4–5 independent of other important risk factors (age, 
MABP, diabetes, LDL, BMI & sex). 

➢Associations were limited to layers of the retina supplied by the retinal microvasculature. 
➢No associations with early stage CKD, but distinct association with CKD st 4–5. 

Associations of retinal thinning and 
poorer renal function



➢ Case-control study of healthy versus unhealthy ACR suggests reduced retinal microvascular FD, i.e. sparser 
retinal microvascular networks, associate with albuminuria & lower eGFR.

Sparser retinal microvascular network and reduced renal function



Not all associations are positive!



SiDRP (2010-2019)

187,563 visits by 79,511 patients

92,257 visits by 51,740 patients

10,486 visits by 2,720 patients as controls

7,842 visits by 4,729 patients as cases

Control: 7,928 visits by 2,556 patients

Case: 5,356 visits by 3,510 patients

95,306 visits excluded:

94,462

827

5

12

missing creatinine data

missing age information

duplicate records

age < 18 years

81,771 visits excluded for control definition:

56,164

23,109

2,498

by patients with eGFR < 60 

mL/min/1.73m2 in any blood test 

by patients with < 4 visits 

No. of images < 4

84,415 visits excluded for case definition:

76,823

5,311

2,281

eGFR ≥ 60 mL/min/1.73m2 

No. of images < 4

no consecutive blood test showing 

eGFR < 60 mL/min/1.73m2

5,044 visits excluded for poor image quality:

2,558

2,486

controls

cases

Deep learning algorithms to detect DKD from retinal photographs in 
multi-ethnic populations with diabetes

Models showed reasonable performance, fairing well in internal validation (AUC 

image-only = 0.826), with moderate performance in external validation (AUC 

image-only = 0.764 in SEED; 0.726 in SMART2D). In particular, the image-only 

model performed comparably well in all datasets compared to the RF-only model. 

➢ The CNN DLA was trained on 26568 retinal images from 6066 SiDRP participants.

➢ The DLA models were based on ResNet18 architecture with pre-training using a 

large-scale diabetic retinopathy dataset (Kaggle) to improve generalizability. 

➢ Prediction compared with the ground truth label and revised via back-propagation. 

➢ 5-fold cross-validation to evaluate model performance. 



➢ Increased retinal FDa associated with greater risk of ACD (HR 1.17; 1.08–1.26) & AD (HR 1.33; 1.16–1.52).

➢ RVMs help predict future dementia incidence independent of other risk factors. 

➢ Differences in retinal microvascular parameters are easily measured and help predict dementia 
susceptibility in patients with diabetes which may inform dementia prevention strategies.

➢ Cox’s proportional hazards with entry time as date of 
image acquisition and exit time as first available evidence 
of dementia diagnosis in EMR.

➢ Censoring was end of available follow-up EMR data or 
death without EMR evidence of dementia. 

➢ In addition to ACD, AD and VD also considered separately.

Greater retinal microvascular complexity & dementia risk in diabetes



Optical coherence tomography angiography

Courtesy of Dr Carol Cheung, The Chinese University of Hong Kong



Automated image processing

OCT-angiogram Denoising Binarization Quantification

Courtesy of Dr Carol Cheung, The Chinese University of Hong Kong



Impact – Cloud-based technology

Optomed



Impact - The future is AI?



Direction of travel

➢Oculomics

➢DKD – MultiOmics Health



Expanding multiomics approaches –

Why do kidney transplants fail so 

early in young people?



3200 renal transplants anually in the UK & Ireland
25% of our local transplants in individuals <30

Why does this 
happen?

-Biological
-Psychological
-Sociological



The science and the art of post transplant care

68

In clinical practice determination of ‘optimal’ immunosupression is limited by 
little objective parameters to guide decision making 



Monitoring transplant function

69

Serum creatinine 

Urinary ACR

Donor Specific 
Antibodies

Kidney Biopsy



70

The science and the art of post transplant care



Why do kidney 
transplants fail 
so early in young 
people?
-better understanding of underlying 
pathophysiology

-identify early molecular markers of 
immunological mediated graft injury

71



Northern Ireland



To explore long-term kidney transplant outcomes between younger 

recipients (< 30 yrs) vs older recipients (≥ 30 yrs) for association with:

Aim

info@icatprogramme.org

➢ Differences in epidemiological risk factors.

Northern Ireland Renal 

Transplant Database 

n=2800

Identify epidemiological 

risk factors associated 

with graft outcome 

Assess for variations between 

these risk factors in <30 yrs vs 

≥30 yrs



To explore whether variable long-term kidney transplant outcomes 

between younger recipients (< 30 yrs) vs older recipients (≥ 30 yrs) is 

associated with:

Aim

info@icatprogramme.org

➢ Proteomic/ Metabolomic/ WGS profiles.

Stored H&I samples 

from transplant 

recipients

Patients identified 

from Study-1

< 30 yrs: n=50 with 

rejection, n=50 without 

rejection

≥30 yrs : n=50 with 

rejection, n=50 without 

rejection



To explore whether variable long-term kidney transplant outcomes 

between younger recipients (< 30 yrs) vs older recipients (≥30 yrs) is 

associated with:

Aim

info@icatprogramme.org

➢ Cellular modelling.

Patients with 

functioning 

transplants; 

<30 yrs n=25, 

≥30 yrs n=25

Additional peripheral 

blood sample 
High-dimensional 

multi-colour flow 

cytometry on PBMC 

samples

Subset analysis of 

T-regulatory, 

B-regulatory and 

Natural Killer cells



Concluding Thoughts

info@icatprogramme.org

➢ Comorbid chronic disease prevalence for many conditions continue to 

increase with improved healthcare provision and ageing populations

➢ Genetics studies facilitate identification of risk variants & disease pathways

➢ Epigenetic studies help determine the influence of environmental & lifestyle 

factors on disease outcomes

➢ miRNA’s influence gene expression and may help predict disease outcomes

➢ Oculomics enables non-invasive evaluation of microvascular health

➢ Proteomic & metabolomic approaches can identify potential drug targets.

➢ Multiomic approaches & data integration represent novel opportunities to 

elucidate disease risks, mechanisms, progression and therapeutic targets.



Thank you for your attention
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