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Diabetic Kidney Disease in Singapore

Incidence of diabetes
as a cause of ESKD in
2021 (USRDS 2023
Annual Data Report)

Singapore #5 in the world in
adjusted global prevalence of ESKD
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=66% of new cases of ESKD in

Singapore are due to diabetes

(Singapore Renal Registry
——— Annual Report 2021)
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DYNAMO: Objectives

* Address major unmet needs by identifying new
mechanistic pathways in Diabetic Nephropathy

* Discovering and validating potential new targets for
treatment

* Defining novel biomarkers and strategies allowing early
stratification of risk for DN within the larger population of
people with type 2 diabetes




25 Institutions
6 countries

‘N

30,000+ at‘m‘eunts

in 6 clinical cohorts

70 Investigators



KTPH Diabetic The Dlabetes NUH DKD SGH DKD

Subjects w/ blood 1,564 6,840 2,067 14,068
and/or urine samples

Whole Genome 69 724 498 655
Sequences

GWAS Array w/ , 4,875 2,264 5,845
imputation

Retinal Photographs , 1,166
Metabolomics ) 1,032
Lipidomics 1,031
Targeted Proteomics -

Non-targeted -
Proteomics

Kidney Biopsy w/
Transcriptomics
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Theme 5: Systems genetics

Theme 4: Human genetics of kidney

and metabolic dysfunction in DN approaches to DN pathogenesis
(Tai, Sim, Wenk, Sobota, Teo) / (Petretto, Tolwinski, Behmoaras, Xia)
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of Asians with T2DM to
stratify risk in DN
(Lim, Liu, Gurung)

Theme 3: Retinal microvasculature R
ST ” \\\\‘. \_}wa-\"“l.f 4777/ Theme 1: Role of Altered Lactate
: as a “window” to study NS\ \W7)) Metabolism i
R . : AN — etabolism in DN
: mechanisms and pathways in DN 7 N7

(Tan, Wang, Sabanayagam) < (Coffman, Kovalik, Widajaja, Chin)




Theme ?

Clinical variable-based cluster
analysis identifies novel
subgroups with a distinct
genetic signature, lipidomic

pattern and cardio-renal risks
Diabetologia (2022) 65:2146-2156 \cent-

m,mneiUZe ﬁ Lt‘l gr:/ia Liu, Janus Lee,
a M, . Nma ,Es #- ing Tang, Peter I.
Benke, Federico Torta, Markus R. Wenk, Subramaniam Tavintharan,
Wern Ee Tang, Chee Fang Sum, Su Chi Lim
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« BMI™~31
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* older age of onset (~55)

* relatively low BMI ~25
(sarcopenic-obesity)
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: Age ?j onset 52 Age of onset *input variables:
« BMI~30 BMI Fasting C-peptide
* |nsulin resistant HBA1C & glucose
*  Good B-cell reserve Insulin resistance (HOMA-IR¥)
*  Mild hyperglycemia B-cell function (HOMA-B*)

Genetics, lipidomics,

clinical outcomes

Polygenic risk scores (PRS)

MODy
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Lipidomic profiles

Sphingolipids
= Phosphatidylethanolamines
Phosphatidylcholines
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Cumulative incidence rate

SIRD-RII: Severe insulin resistant
diabetes, relative insulin
insufficient;

MARD-II: Mild age-related
diabetes — insulin insufficient;
MOD: Mild obese diabetes

Risks of cardio-renal outcomes

Progressive CKD
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Theme 3

Predicting CKD with Al and Retinal Optical Coherence Tomography

Clinical science

@ Combining retinal and choroidal microvascular
metrics improves discriminative power for

opeNAccess o> 1P
diabetic retinopathy
. . N . + Bingyao Tan @ ,"2* Nicole-Ann Lim,"* Rose Tan, " Alfred Tau Liang Gan,'
A deep learning algorithm to detect chronic kidney disease : ' . I P '
ple 949 . ) Y ‘ k@ Jacqueline Chua ® ,"**® Simon Nusinovici @ ,"® Chui Ming Gemmy Cheung ® ,"*®
from retinal photographs in community-based populations Usha Chakravarthy,” Tien Yin Wong @ ,"*® Leopold Schmetterer @ 3488
; 156
Charumathi Sabanayagam, Dejiang Xu, Daniel SW Ting, Simon Nusinovid, Riswana Banu, Haslina Hamzah, Cynthia Lim, Yih-Chung Tham, m Gavin Tan
Carol Y Cheung, E Shyong Tai, Ya XingWang, Jost BJonas, Ching-Yu Cheng, Mong Li Lee, Wynne Hsu, Tien¥ Wong
Summary Retinal angiogram_SCP All vessels_SCP Capillaries_SCP Choriocapillaries
Background Screening for chronic kidney disease is a challenge in community and primary care settings, even in  Loncer Digial Health 2020;
high-income countries. We developed an artificial intelligence deep learning algorithm (DLA) to detect chronic kidney 2-#295-302
disease from retinal images, which could add to existing chronic kidney disease screening strategies. Pubilshed Online
Miay 12, 2020
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Themes 4 & 5 Genetic Mechanisms in DN

(available WGS data in

Malay DN cohort

multi-ancestry genetic
mapping
Chinese DN cohort

Malay DN cohort
Finnish DN cohort

rare/low frequency variants

data integration and
_*o locus fine mapping

Chinese DN cohort n=1000
n=1000

@ human genomics
Project 5.1

¥

o functional characterization
and screening by MPRA

common regulatory variants

Pathogenesis

mouse model - Project 5.2

available datasets: kidney
scRNA-seq, WGS data,
DN phenotypes
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Theme $

Systems genetics approaches to DN
pathogenesis
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Theme 1: Role of Altered Lactate Metabolism in
Diabetic Nephropathy




Mouse Model of
Diabetic Nephropathy

Ins2¢96Y

Backcross
>20 generations

Gurley et al.
Diabetes 2018; (10):2096-2106

129 Akita-Renin TG C57BL/6 Akita-Renin TG

Susceptible Phenotype Resistant Phenotype
- Macro-albuminuria - Minimal albuminuria or

- Glomerulosclerosis kidney pathology




ARB Treatment Abolishes Albuminuria and Improves

Kidney Pathology
in a Mouse Model of Diabetic Nephropathy

Kidney Pathology

Albuminuria
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Kidney Metabolism in Diabetic Kidney Disease
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Metabolic Alterations in Kidneys of 129AR Mice
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Lactate and TCA Cycle Metabolites in DKD

Mouse Kidney

. Lactate 1

Pyruvate 05

* Fumarate

. Citrate 0.5
ik

3

Ly

Table 2. Baseline Urine TCA Cycle Metabolite Levels (nM in 4 mM Creatinine) in Discovery and
Validation Studies

Discovery Study Validation Study

Nonprogressors  CKD Progressors Nonprogressors  CKD Progressors

(Controls, n=271) (Cases, n=116) P Value® (Controls, n =402) (Cases, n = 96) P Value?®
Lactate 158 (96-295) 212 (141-498) 2.6 x 1074 215 (142-348) 239 (165-412) 0.02
Pyruvate 140 (91-230) 161 (97-237) 0.12 117 (83-154) 126 (101-158) 0.01
Citrate 1060 (602-1713) 754 (329-1491) 0.001 1266 (810-1685) 936 (505-1644) 3.1 x 10~°
a-Ketoglutaric 94 (52-172) 132 (64-242) 0.02 119 (75-206) 129 (94-203) 0.15
acid
Sucadnate 51 (29-90) 53 (34-99) 0.77 33 (21-54) 29 (20-52) 0.51
Fumarate 12 (7.1-22) 17 (10-29) 34 x10°° 9.3 (5.7-18) 13 (8.6-22) 1.2 x107*
Malate 17 (10-36) 30 (16-44) 29 x 10°° 15 (9.0-31) 19(12-39) 46 x 107*

Variables reaching statistical significance in the discovery and validation substudies are shown in boldface.
3Student t tests. J Clin Endocrinol Metab 103: 4357-4364, 2018
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ARB Treatment Corrects Metabolic Abnormalities in Kidneys of 129,
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ARB Treatment Corrects Metabolic Abnormalities in Kidneys of 129.
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Fumarate Succinate Malate Lactate C2

Citrate
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Mapping Expression of Lactate Dehydrogenase Isoforms in Diabetic Kidney L

Whole kidney Whole kidney
mm) PCT- PCT -
mm) PST- ° PST -
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® 10
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expression
Macro 1 Macro | I 3
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-1
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Azushima et al Kidney Int 2023;104(6):1135-1149



Association Between Urinary Lactate Levels with Albuminuria

R =0.34, p < 0.0001

Urine lactate
o

0.0 25 5.0 75
Normalized Log (UACR)

R=0.31; [0.16-0.45]; P < 0.001 with RAS blockers;
R=0.49; [0.29-0.67]; P < 0.001 without RAS blockers

Azushima et al Kidney Int 2023;104(6):1135-1149



Increased Urinary Lactate Levels are Associated with Risk for
ESKD in T2DM

0.8
Log-rank test
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Urinary Lactate Levels Correlate with Markers of Tubular Stress anc

R =0.39, p <0.001
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Summary

* Distinct kidney metabolic defects associated with elevated
actate levels are associated with susceptibility to diabetic
Kidney disease

* |[n @ human cohort with T2DM, elevated urinary lactate is
associated with progression to ESKD

* Increased urinary lactate levels may be a useful biomarker for
risk of progressive kidney injury

* The association between abnormal lactate metabolism and
albuminuria suggests that lactate may be an indicator of
epithelial distress caused by high-grade proteinuria in DN




Expression of GPR81 in Glomerular Mesangial Cells
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