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CKD – epidemiology

worldwide

>700 million

CKD patients



CKD prevalence is highest 

at CKD stage 1-3
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CKD – epidemiology



CKD – diagnosis & prognosis

KDIGO. Kidney Int Suppl 2024

Cause

eGFR

Albuminuria



normal aging?

Nelson et al. JAMA 2019

CKD progression risk

high variability of risk
5.222.711 subjects (34 cohorts)

calculated risk of incident CKD, 

i.e. eGFR <60 ml/min/1,73m²  

(G2 → G3) in 5 years

data validated in 

2.253.540 subjects (9 cohorts)



CKD – diagnosis & prognosis

KDIGO. Kidney Int Suppl 2024

Cause

eGFR

Albuminuria



Bedin et al. J Clin Invest 2020

CKD progression – albuminuria



KDIGO. Kidney Int Suppl 2024

CKD progression – proteinuria



▪ male, 53 years, non-smoker, no diabetes (HbA1C 5.3%)

▪ nephrotic syndrome since 2007!

▪ proteinuria 8,952 mg/24h; albuminuria 7,583 mg/24h

▪ s-creatinine: 0.86 mg/dl; eGFR: 99 ml/min/1,73m²

▪ s-cystatin C: 0.79 mg/l; eGFR creatinine-cystatin C: 108 ml/min/1,73m²

▪ hypertension: 150/88 mmHg despite antihypertensive combination

therapy incl. losartan 100 mg/d

CKD progression – albuminuria



▪ kidney biopsy 2014 in USA without definite pathological finding:

▪ 3/35 glomeruli sclerosed

▪ moderate arteriosclerosis (hypertensive damage?)

▪ uDKK3: <200 pg/mg

CKD progression – albuminuria



Wnt/β-catenin pathway

Speer et al. Nat Rev Nephrol 2020

The name Wnt is created from

the names Wingless and Int-1

The pathway is evolutionarily

highly conserved – it is similar

across animal species from

fruit flies to humans



In renal tubular cells transient Wnt/β-

catenin activation exerts repair and

regeneration after injury

Prolonged uncontrolled Wnt/β-catenin

signaling changes the phenotype of

tubular cells into pro-inflammatory

cells, which drive CKD progression,

also through activation of the RAAS

Wnt/β-catenin pathway

Speer et al. Nat Rev Nephrol 2020



Dickkopf (DKK) proteins serve as

modulators (ligands) of the Wnt/ß-

catenin signaling pathway during

embryogenesis and thereafter by

re-expression after tissue injury

4 DKK proteins exist; mainly the

role of DKK1 and DKK2 has been

investigated in cancer biology

DKK and Wnt/β-catenin

Speer et al. Nat Rev Nephrol 2020



Glinka et al. Nature 1998

Dickkopf (German) = big head during enbriogenesis after knock-out of DKK1

DKK and Wnt/β-catenin



DKK3 can be measured in urine using ELISA

Healthy subjects do not have detectable DKK3

in urine, whereas in CKD patients the urine

DKK3 (uDKK3) concentration correlates with

CKD progression irrespective of the type of

kidney injury

DKK3
(white staining within tubuli)

G

Speer et al. Nat Rev Nephrol 2020

uDKK3 and CKD progression
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Wnt/b-catenin signaling –
a versatile player in kidney 

injury and repair

uDKK3 and CKD progression



In healthy individuals only very small

amounts of DKK3 are detectable in

urine (blue box); in CKD patients the

median urinary DKK3 level is ~13

times higher (red box) irrespective of

the type of kidney injury

Zewinger et al. J Am Soc Nephrol 2018

uDKK3 and CKD progression

575 patients in CKD stage 2-4
481 controls



CARE FOR HOMe study

▪ 575 patients with CKD stage 2-4 (GFR >15 ml/min/1.73m²)

▪ mostly patients with diabetes mellitus and/or hypertension

▪ prospectively followed for up to 8 years (5.2 ± 2.1 years)

▪ annual visits with blood and urine samples

▪ a total of 2,035 person-years available for analysis

Zewinger et al. J Am Soc Nephrol 2018

uDKK3 and CKD progression



Association between uDKK3 

and annual change of eGFR:
▪ red line: change of eGFR within 

the subsequent one year (the 

respective 95% confidence 

interval is the gray area)

▪ blue spikes: individual uDKK3 

concentrations at the start of 

each 12-month observational 

period

Zewinger et al. J Am Soc Nephrol 2018

uDKK3 and CKD progression

200 pg/mg

4.000 pg/mg



▪ randomized clinical trial in 385 children between 3 and 17 years

▪ all patients on fixed dose ACEI

▪ randomization for target 24h mean blood pressure 5th-50th v. 50th-95th pct

▪ baseline eGFR 15-80 ml/min/1.73 m2

▪ 6-monthly observations and biosampling for up to 6 years

▪ observational study in 705 children between 6 and 17 years

▪ baseline eGFR 10-60 ml/min/1.73 m2

▪ 6-monthly observations and biosampling for up to 8 years

Study

Trial

uDKK3 and CKD progression

Speer et al. Lancet Child Adolesc Health 2023



4C study

ESCAPE trial

half-year blocks

uDKK3 and CKD progression

Speer et al. Lancet Child Adolesc Health 2023



uDKK3 is a supreme biomarker for progressive CKD:

▪ highly sensitive for detection of kidney tissue injury at any time

▪ non-specific,  i.e. independent of the cause of kidney injury

▪ easy measurable in children and adults

▪ it might be relevant for treatment guidance or even a potential 

therapeutic target?

uDKK3 and CKD progression



Speer et al. Lancet Child Adolesc Health 2023

NO       YES

RAAS-inhibition

uDKK3 and treatment response



all patients

N=231

uDKK3 

≤1,689 pg/mg
N=128

uDKK3 

>1,689 pg/mg
N=103

P

age (years) 12.0 ± 3.9 12.1 ± 3.8 11.7 ± 3.9 0.376

male (%) 58.9 59.9 57.7 0.792

glomerulonephritis (%) 12.9 14.6 10.6

0.159CAKUT (%) 72.6 67.9 78.8

others (%) 14.5 17.5 10.6

diabetes (%) 0 0 0 0.999

hypertension (%) 3.5 3.8 3.1 0.999

systolic blood pressure -0.01 ± 1.08 0.02 ± 1.01 -0.07 ± 1.15 0.529

eGFR (ml/min/1,73m2) 44.9 ± 20.0 54.1 ± 19.3 36.1 ± 17.0 <0.001

albuminuria (g/g) 0.66 (1.83) 0.63 (1.49) 0.73 (3.97) 0.270

uDKK3 (pg/mg) 1,098 (7,168) 160 (716) 8,693 (20,259) <0.001

Speer et al. Lancet Child Adolesc Health 2023

uDKK3 and treatment response



primary combined

kidney endpoint
NNT 250.0 vs. 4.0

end-stage kidney

disease (ESKD)
NNT: 31.0 vs. 6.7 

Speer et al. Lancet Child Adolesc Health 2023

160 pg/mg 8,693 pg/mg 

uDKK3 and treatment response



Schunk et al. Nephrol Dial Transplant 2020

uDKK3 and treatment response



Fin del Mundo



Wnt/b-catenin signaling promotes:

▪ cyst growth and kidney disease

▪ proteinuric kidney diseases

▪ vascular calcification

▪ mineral-bone disease

▪ kidney tissue fibrosis

Wnt/β-catenin pathway

Speer et al. Nat Rev Nephrol 2020



▪ high-throughput single-nucleotide 

polymorphism (SNP) genotyping 

association study of 173 candidate 

genes in 794 white patients from    

227 families with PKD1

▪ real-time RT-PCR analysis of DKK3 

in renal cysts

DKK3 and ADPKD

Liu et al. J Am Soc Nephrol 2010



uDKK3 and ADPKD

Arjune et al. Clin Kidney J 2024



Federico et al. J Clin Invest Insight 2016

DKK3 is a stress-induced, mainly tubular

cell derived pro-fibrotic glycoprotein that is

secreted in the urine only upon kidney injury

DKK3 and kidney fibrosis



DKK3 PDGFRβ

▪ Co-staining DKK3 and PDGFR-β

▪ fibroblasts seem to play a key role

in (sustained) DKK3 expression

▪ they are probably „activated“ by

co-localized tubular cells in a 

paracrine manner

DKK3 and kidney fibrosis



patients with

eGFR >90 ml/min/1,73m² 

without albuminuria

2.314 patients with

Chronic Obstructive 

Pulmonary Disease

18 months follow-up

Schunk et al. Kidney Int 2021

uDKK3 and CKD progression



Schunk et al. Kidney Int 2021

DKK3 and the lung



Schunk et al. Kidney Int 2021

DKK3 and the lung



DKK3 and the lung

DKK3 is significantly increased in 

the BAL fluid in patients with COPD



McLellan et al. Circulation 2021

Cardiac single-cell transcriptomic strategy

to characterize the cardiac cellulome – i.e.

the network of cells that forms the heart –

after 2 weeks of continuous administration

of angiotensin II, a strong pro-fibrotic

stimulus of pathological cardiac remodeling

DKK3 and the heart



McLellan et al. Circulation 2021

Significant expression of DKK3 in cardiac fibroblasts (PDGFR-ß+) 

and macrophages (CD68+)/NLRP3 in the left ventricle

DKK3 and the heart



kidney

heart

The kidney-heart interaction



uDKK3 is a supreme biomarker for progressive CKD:

▪ highly sensitive for detection of kidney tissue injury at any time

▪ non-specific,  i.e. independent of the cause of kidney injury

▪ easy measurable in children and adults

▪ it may be relevant for treatment guidance as well as a potential 

therapeutic target to prevent tissue fibrosis

uDKK3 and CKD progression



Thank you!



HTC study

▪ prospective observational study with 733 consecutive patients

undergoing elective cardiac surgery (mean eGFR 89 ml/min/1.73m²)

▪ assessment of kidney function (eGFR) before surgery, after hospital 

discharge and up to 3 years thereafter (median follow-up 820 days)

▪ measurement of uDKK3 before surgery

Schunk et al. Lancet 2019

uDKK3 and AKI-CKD transition



3 distinct eGFR trajectories 

corresponding to patients with: 

▪ group A (low uDKK3): 

no AKI and no loss of kidney  

function

▪ group B (high uDKK3):

moderate loss of GFR after

AKI and CKD progression

▪ group C (very high uDKK3): 

severe loss of GFR after AKI 

and CKD progression

Schunk et al. Lancet 2019

uDKK3 and AKI-CKD transition


