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ABSTRACT

Background and objectives. Renal fibrosis is a final common pathway contributing to graft 

failure after kidney transplantation (KTx). Aberrant Wnt/β-catenin signaling contributes to 

progressive renal fibrosis. Dickkopf-1 (Dkk-1) is a soluble endogenous inhibitor of the pro-fibrotic 

Wnt/β-catenin pathway, induced in response to tissue injury. We investigated whether serum 

Dkk-1 is associated with renal interstitial fibrosis and graft failure after KTx. 

Design, setting, participants, and measurements. Serum Dkk-1 was measured by ELISA 

(R&D) in two cohorts of renal transplant recipients. In a cross-sectional cohort the association 

of Dkk-1 with prevalent renal fibrosis was investigated using logistic regression. In a longitudinal 

cohort the association with graft failure was explored using Cox regression.

Results. In the cross-sectional cohort (n=225, 60% male, age 54±13 years) serum Dkk-1 was 

associated with renal fibrosis at two years post-KTx independent of age, sex, proteinuria and 

eGFR (odds ratio 2.10 [95% CI 1.11-3.95], P=0.02). In the longitudinal cohort (n=700, 57% male, 

age 53±13 years, 5.4 [1.9-12.0] years after KTx) 45 (6%) patients developed graft failure during 3.1 

[2.6-3.8] years’ follow-up. Serum Dkk-1 was inversely associated with graft failure (HR 0.45 [95% 

CI 0.27-0.76], P=0.003 per doubling of Dkk-1), independent of known risk factors for graft failure 

or Dkk-1 correlates. The association persisted in sensitivity analyses restricted to patients with 

clinical suspicion or histopathological evidence of fibrosis/atrophy. 

Conclusion. Serum Dkk-1, an endogenous inhibitor of the pro-fibrotic Wnt/β-catenin signaling, 

is associated with prevalent renal allograft fibrosis, and with long-term protection against 

graft failure in renal transplant recipients. These findings are in line with preclinical studies 

demonstrating that Dkk-1 is induced upon tissue injury and serves as an endogenous anti-

fibrotic factor, and position Dkk-1 as a potential target for anti-fibrotic therapy after KTx.   
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INTRODUCTION

Kidney transplantation improves the quality of life and life expectancy of patients with end-

stage renal disease. Short-term graft and patient prognosis have improved markedly over the 

past decades, mainly due to improved surgical techniques, immunosuppressive therapy and 

treatment of infectious complications. Despite these successes, improving long-term graft 

survival remains a major challenge. Chronic deleterious triggers including recurrent rejection 

episodes, polyomavirus-associated nephropathy, and pyelonephritis may contribute to the 

development of interstitial fibrosis and tubular atrophy (IF/TA), which is among the common 

causes of graft failure. Until recently, IF/TA was considered to be a non-specific final common 

pathway, but recent data suggest that careful examination likely elucidates a more specific 

cause.1 On a molecular level, pro-fibrotic processes drive the development of IF/TA and may 

determine an individual’s susceptibility to develop IF/TA.2

Increasing evidence suggests that Wnt/β-catenin signaling plays an important role in 

renal tissue responses to injury.3-7 The Wnt/β-catenin pathway controls the expression of 

several pro-inflammatory and pro-fibrotic genes.8 In the healthy adult kidney, Wnt signaling 

is downregulated after kidney development has been completed.9 Aberrant regulation of the 

Wnt/β-catenin pathway has been observed in chronic kidney disease3,5,6,10,11 and in a preclinical 

model of chronic renal allograft damage12. Inhibition of the Wnt/β-catenin pathway may reduce 

pro-fibrotic processes in the kidney.

Several endogenous extracellular antagonists of the Wnt signaling pathway have been 

identified, including members of the Dickkopf (Dkk) family. Dickkopf-1 (Dkk-1) binds to the 

Wnt co-receptors low-density lipoprotein receptor-related protein 5 and 6 (LRP-5 and LRP-6) 

and prevents the formation of an active Wnt receptor complex.13 In a preclinical model of renal 

fibrosis, ectopic expression of Dkk-1 resulted in suppression of Wnt/β-catenin target genes and 

attenuation of renal interstitial fibrosis.3 In line, Dkk-1 overexpression strongly reduced the pro-

fibrotic effects of transforming growth factor-β (TGF-β) in animal models.14 Interestingly, renal 

Dkk-1 seems to be up-regulated in animal models of renal fibrosis5,6, suggesting that Dkk-1 is a 

protective factor that is endogenously upregulated in response to tissue injury.

Since the role of Dkk-1 in human kidney transplantation is unknown, we investigated whether 

serum Dkk-1 is associated with prevalent renal interstitial fibrosis after kidney transplantation. 

Furthermore, we addressed whether serum Dkk-1 is associated with the risk of graft failure in 

longitudinal analysis. 

MATERIALS AND METHODS

Research design and subjects: Leuven cohort (Dkk-1 and renal fibrosis)
We performed a cross-sectional cohort study using data that had been prospectively collected 

from renal transplant recipients who received a single renal graft between March 2004 and June 
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2009 at the University Hospitals Leuven, as described previously15. From this cohort, patients 

were selected for the current analysis based on the availability of an adequate renal protocol 

biopsy at 24 months (n=225 [71%]) after transplantation. Blood samples were available for all 

patients with a functioning allograft during follow-up. Written informed consent was obtained 

from all patients, and the study was approved by the Institutional Review Board and Ethics 

Committee (study no. S53364).

Histology and measurements
Tissue cylinders were obtained by real-time ultrasound-guided percutanous renal transplant 

biopsy using a Biopsy gun with a 16-gauge needle. The cylinder was fixed in buffered formalin 

and embedded in paraffin for routine light microscopic examination, as described previously15. 

The severity of histological lesions was semi-quantitatively scored according to revised 1997 Banff 

criteria.16-18 The degree of renal interstitial fibrosis (the ci-score) was classified as either normal 

(ci=0), mild (ci=1), moderate (ci=2), or severe (ci=3). For analyses, renal fibrosis was reclassified as 

either no (ci=0), mild (ci-score 1) or severe (ci-score 2 or 3) fibrosis.15 All biopsies were reviewed 

by one blinded pathologist, independent of clinical information. Acute rejection was defined as 

biopsy proven rejection during the first 12 months after transplantation. eGFR was calculated 

with the Modification of Diet in Renal Disease (MDRD) formula. Proteinuria was measured as g/g 

creatinine in a 24-h urine collection.

Research design and subjects: Groningen cohort (Dkk-1 and graft failure)
For this longitudinal cohort study, RTR with a functioning graft for ≥ 1 year who visited the 

outpatient clinic of the University Medical Center Groningen (UMCG) between November 

2008 and June 2011 were invited for participation. A total of 707 out of 817 eligible RTR (87%) 

were included. This cohort design is representative of the outpatient clinic of prevalent renal 

transplant recipients in our center. Dkk-1 was measured in 700 RTR with available serum samples 

(99%). The Institutional Review Board approved the study protocol (METc 2008/186), which was 

in adherence to the Declaration of Helsinki. 

Clinical endpoints / follow-up
The primary endpoint of this study was death-censored graft failure, defined as restart of dialysis 

or retransplantation. The continuous surveillance system of the outpatient program ensures 

up-to-date information on patient status and cause of graft failure. General practitioners or 

referring nephrologists were contacted in case the status of a patient was unknown. The cause 

of graft failure was obtained from patient records and was reviewed by a blinded nephrologist. 

Renal histological information was obtained from biopsies performed up to 3 years before graft 

failure. Indication to perform a renal biopsy was the suspicion of a treatable cause of graft failure. 

Chronic allograft dysfunction was defined clinically as gradual renal function decline with or 

without progressive proteinuria. The endpoint graft failure was recorded until the end of May 

2013; median follow-up was 3.1 [IQR, 2.6-3.8] years. There was no loss to follow-up.

PA
R

T 
II

Proefschrift Charlotte Keyzer.indd   158 19-09-15   16:07



159

Clinical and laboratory measurements
Relevant transplant characteristics such as date of transplantation, donor characteristics, human 

leukocyte antigen (HLA) mismatches, cold and warm ischemia times and dialysis vintage were 

extracted from the local UMCG renal transplantation database. Information on medical history 

and medication use was obtained from patient records. Data on smoking behavior were 

obtained with a questionnaire. Blood pressure (mmHg) was measured semi automatically, every 

minute for 15 minutes, and the last three measurements were averaged. 

Body mass index was calculated as weight divided by height squared (kg/m2). Blood was 

drawn in the morning after completion of a 24-hour urine collection. Routine blood and urine 

analyses were performed using standard laboratory procedures. Serum samples were stored at 

-80°C. Serum creatinine was determined using a modified version of the Jaffé method (MEGA AU 

510; Merck Diagnostica, Darmstadt, Germany). Creatinine clearance (in mL/min) was calculated 

from creatinine concentrations in serum and 24-hour urine collections with the formula (U/S) x 

(V/1440) (where U is creatinine concentration in urine, S is creatinine serum concentration and 

V is 24h urine volume). Albuminuria is defined as urinary albumin excretion > 30 mg/24h. Class I 

and class II HLA- antibodies were assessed by ELISA (LATM20X5, One Lambda, Canoga Park, CA). 

Further details of the cohort have been published previously.19,20

Serum Dkk-1 measurement
Dkk-1 was measured in serum using a commercially available ELISA (R&D Systems, Minneapolis, 

USA) according to manufacturer’s recommendations. The intra- and inter-assay coefficients of 

variation are 4 and 6%, respectively; and the minimum detectable dose of Dkk-1 ranges from 

0.9 – 15.6 pg/mL, according to data provided by the manufacturer. We explored the dynamics 

of Dkk-1 over time in patients without renal fibrosis. To this extent, we selected a subgroup of 

30 patients from the Leuven cohort that did not develop renal fibrosis, i.e. the ci-score was 0 on 

protocol biopsies at 3, 12, and 24 months after transplantation. In this subgroup serum Dkk-1 was 

measured at 3 months, 12 months and 24 months after transplantation.

Statistical analysis
Data are presented as mean ± standard deviation, median [interquartile range], and number 

(percentage) as indicated. A P-value <0.05 (two-tailed) was considered statistically significant. 

Statistical analyses were performed using SPSS 22.0 for Windows (SPSS Inc., Chicago, IL), STATA 

Statistical Software: Release 11 (College Station, TX) and GraphPad Prism version 5.01 for Windows 

(GraphPad Software, San Diego, CA). 

Variable distribution was tested with histograms and probability plots. The Leuven cohort 

was subdivided into three groups based on severity of renal fibrosis; no, mild or severe fibrosis. 

P-values for differences in baseline characteristics according increasing renal fibrosis were assessed 

with ANOVA for normally distributed continuous data, the Kruskal-Wallis test for non-normally 

distributed data and the χ2 test for nominal data. Associations of Dkk-1 with renal fibrosis were 

further tested by multinomial logistic regression with adjustments for possible confounders, 
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including determinants of renal fibrosis and markers of chronic allograft dysfunction. Dkk-1 and 

proteinuria were 2 log transformed before entering the model. The multivariable model included 

adjustment for recipient age and gender, age donor, proteinuria and renal function (eGFR). 

The Groningen cohort was subdivided into tertiles of Dkk-1 to visualize associations with 

baseline characteristics. P-values for differences in Dkk-1 tertiles were assessed with ANOVA for 

normally distributed continuous data, the Kruskal-Wallis test for non-normally distributed data and 

the χ2 test for nominal data. Univariable and subsequent multivariable linear regression analyses 

were used to identify independent determinants of Dkk-1. Non-normally distributed variables were 

transformed to the natural log (Ln) to fulfill criteria for linear regression analyses. Multivariable linear 

regression models were constructed using backward selection (P
out

>0.05) including variables that 

were significantly associated with Dkk-1 in univariable linear regression analysis. 

Tertiles of Dkk-1 were tested for associations with death-censored graft failure by Kaplan-

Meier analysis with log-rank testing. Associations of Dkk-1 with graft failure were further tested 

by Cox proportional hazards regression analysis with adjustments for possible confounders. 

Dkk-1, urinary albumin excretion, alkaline phosphatase and cholesterol were 2 log transformed 

before entering the model. Hazard ratios are reported per doubling of Dkk-1 concentration. 

Models were adjusted for transplant characteristics (model 1: HLA mismatches, class I and II anti-

HLA antibodies, cold and warm ischemia time), for recipient characteristics (model 2: recipient 

age and gender, dialysis vintage, acute rejection and [2 log] urinary albumin excretion), for 

donor characteristics (model 3: donor type (deceased vs. living), donor age and gender), or for 

determinants of Dkk-1 (model 4: recipient age, [2 log] alkaline phosphatase, [2 log] cholesterol, 

class II anti-HLA antibodies and creatinine clearance). The number of covariates in each Cox 

regression model was kept small because of the relatively low number of events. As a sensitivity 

analysis, we repeated Cox regression analyses for death-censored graft failure in a subgroup 

restricted to subjects with either chronic allograft dysfunction or biopsy-proven IF/TA.

RESULTS

Study population: Leuven cohort (Dkk-1 and renal fibrosis)
The cohort consisted of 225 RTR (60% male, 54±13 years); 79 patients had no renal fibrosis (ci-

score = 0), 90 patients had mild fibrosis (ci-score = 1) and 56 patient had severe fibrosis (ci-score 

= 2-3) in protocol biopsies at 24 months after transplantation. Baseline patient characteristics 

according to renal fibrosis score are presented in Table 1. Serum Dkk-1 levels remained stable 

in a subgroup of patients without renal fibrosis; 1251 [871-1594] pg/mL at 3 months, 1002 

[728-1582] pg/mL at 12 months and 1091 [853-1608] pg/mL at 24 months after transplantation 

(P-trend=0.34). At 24 months after transplantation, Dkk-1 was higher in renal transplant recipients 

with severe fibrosis compared to those with no or mild renal fibrosis (Figure 1). Multivariable 

multinomial logistic regression demonstrated that a higher Dkk-1 level was associated with 

severe renal fibrosis, independent of recipient age and sex, donor age, recipient proteinuria, and 

eGFR (odds ratio 2.10 [95% CI 1.11-3.95], P=0.02, Table 2).
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Table 1. Baseline characteristics of the Leuven cohort at 24 months after transplantation, 
according to severity of renal interstitial fibrosis

No fibrosis*
N = 79

Mild fibrosis*
N = 90

Severe fibrosis*
N = 56 P

Dkk-1, pg/mL 1162 [915-1600] 1166 [861-1610] 1380 [1164-1787] 0.032

Demographics

     Age, years 54.5±12.9 52.3±12.8 51.5±13.5 0.37

     Male gender, n (%) 45 (57%) 58 (64%) 33 (59%) 0.59

Renal Transplantation

     Dialysis vintage, days 932 [460-1415] 1121 [716-1620] 1028 [616-1579] 0.13

     Cold ischemia time, hours 15.5 [11.0-17.5] 15.0 [13.0-18.0] 15.3 [11.9-19.5] 0.58

     Warm ischemia time, minutes 30 [28-37] 35 [30-40] 30 [29-37] 0.089

     Age donor, years 40.9±17.0 47.1±13.5 48.2±12.9 0.006

     Male gender donor, n (%) 44 (56%) 45 (51%) 38(69%) 0.10

     Rejection, n (%) 17 (22%) 23 (26%) 14 (25%) 0.81

Laboratory measurements

     Proteinuria, g/g 0.070 [0.045-0.130] 0.060 [0.040-0.115] 0.090 [0.050-0.150] 0.20

     eGFR, mL/min/1.73m2 57.8±15.8 52.8±15.1 47.4±20.2 0.002
Data are presented as n (%), mean ± SD, and median [interquartile range] for nominal, normally distributed, and non-normally distributed data, 
respectively. χ2 test was used for nominal data, Kruskal-Wallis test for non-normally distributed data and ANOVA for normally distributed data.  
*Renal fibrosis is reclassified as no fibrosis, (ci-score 0), mild fibrosis (ci-score 1) and severe fibrosis (ci-score 2 or 3). 
Abbreviations: eGFR, estimated glomerular filtration rate. 

Figure 1. Increased severity of interstitial fibrosis 
is associated with higher serum Dkk-1 levels in the 
Leuven cohort

P value is based on T-tests after Ln transformation. * Indicates one outlier with 
Dkk-1 value of 6284 pg/mL.
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Study population: Groningen cohort (Dkk-1 and graft failure)
The Groningen cohort consisted of 700 RTR (57% male, aged 53 ± 13 years) who were at median 

5.4 [interquartile range (IQR) 1.9 – 12.0] years after kidney transplantation. Median serum Dkk-1 

level was 2140 [IQR, 1688 – 2752] pg/mL. Baseline patient characteristics according to tertiles of 

Dkk-1 are presented in Table 3. There were no substantial differences in transplant characteristics 

across tertiles of Dkk-1. In univariable linear regression, age and urinary albumin excretion were 

inversely correlated, whereas class II anti-HLA antibodies, hemoglobin, alkaline phosphatase, 

creatinine clearance, total cholesterol, LDL cholesterol, albumin and HbA1C were positively 

correlated with Dkk-1. Multivariable linear regression analyses identified alkaline phosphatase, 

creatinine clearance, total cholesterol and class II anti-HLA antibodies as positive correlates of 

serum Dkk-1 levels, whereas age was a negative correlate of serum Dkk-1 (Table 4; model R2 = 

0.05). 

Dkk-1 and graft failure
After a median follow-up of 3.1 [IQR 2.6 – 3.8] years, 45 out of 700 patients (6.4%) developed graft 

failure. Histological information was available for 20 (44%) patients who developed graft failure. 

The main cause of graft failure was chronic allograft dysfunction, either diagnosed clinically 

or histologically (73%). Of patients suspected of chronic allograft dysfunction, IF/TA >5% was 

present in 9/10, chronic transplant glomerulopathy in 7/10 and C4d positivity in 3/10 patients. 

Other causes were relapse of the original kidney disease (9%), infection (9%), vascular disease 

(4%), acute rejection (2%) and unknown causes (2%) (Supplemental Table S1). The incidence of 

graft failure during follow-up decreased per tertile of Dkk-1; first tertile n=22 (9.4%), second tertile 

n=14 (6.0%) and third tertile n=9 (3.9%). Kaplan-Meier analysis confirmed a gradual decrease in 

the risk of graft failure according to increasing tertiles of Dkk-1 (Figure 2; Log-rank P=0.03). In 

Cox regression analysis, Dkk-1 was significantly associated with the risk of death-censored graft 

failure (HR 0.45 [95% CI 0.27 – 0.76], P=0.003 per doubling of Dkk-1). This association remained 

significant upon adjustment for potential confounders (transplant characteristics, recipient 

characteristics, donor characteristics or determinants of Dkk-1, Table 5). 

As a sensitivity analysis, we repeated Cox regression analyses for death-censored graft failure 

in a subgroup restricted to subjects with either chronic allograft dysfunction or biopsy-proven 

IF/TA. Univariable Cox regression analysis yielded similar results as the primary analysis: Dkk-1 

was significantly associated with the risk of death-censored graft failure (HR 0.44 [95% CI 0.24 

– 0.82], P=0.01 per doubling of Dkk-1, 32 events). This association remained significant after 

multivariable adjustment for transplant, recipient or donor characteristics or determinants of 

Dkk-1 (Supplemental Table S2). 
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Table 2. Association of Dkk-1 with increasing renal fibrosis assessed by multinomial logistic 
regression analysis in the Leuven cohort

Odds ratio 95% CI P-value 

Mild fibrosis*

Dkk-1, pg/mL 1.07 0.63-1.83 0.8

Gender recipient 1.42 0.73-2.77 0.3

Age recipient, years 0.98 0.95-1.00 0.08

Age donor, years 1.03 1.01-1.05 0.02

Proteinuria, g/g 0.87 0.65-1.17 0.4

eGFR, mL/min/1.73m2 0.99 0.97-1.01 0.3

Severe fibrosis*

Dkk-1, pg/mL 2.10 1.11-3.95 0.02

Gender recipient 1.38 0.64-3.02 0.4

Age recipient, years 0.97 0.94-0.99 0.02

Age donor, years 1.03 1.00-1.06 0.04

Proteinuria, g/g 1.05 0.76-1.44 0.8

eGFR, mL/min/1.73m2 0.97 0.94-0.99 0.01
The odds ratios plus 95% confidence interval (CI) are reported. Dkk-1 and proteinuria odds ratios are reported per doubling. For dichotomous 
variable gender: 0 = male 1 = female. Abbreviations: eGFR, estimated glomerular filtration rate. 
*The reference category is no fibrosis (ci-score = 0). 

Figure 2. Kaplan-Meier curve graft failure according to tertiles of 
baseline serum Dkk-1 in the Groningen cohort

First Dkk-1 tertile (T1) < 1863 pg/mL, second tertile (T2) 1863-2497 pg/mL and third tertile (T3) >2497 
pg/mL.
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Table 3. Baseline patient characteristics of the Groningen cohort per tertile of serum Dkk-1 in 
stable renal transplant recipients

Overall
N = 700

Tertile 1
N = 235

Tertile 2
N = 232

Tertile 3
N = 233 P

Dkk-1 pg/mL 2137 [1682-2749] <1863 1863-2478 >2478 -
Demographics
     Age, years 53.0±12.8 54.2±12.6 53.8±12.4 50.9±13.1 0.009
     Male gender, n (%) 398 (57) 145 (62) 132 (57) 121 (52) 0.10
     Current smoker, n (%) 84 (13) 32 (15) 28 (13) 24 (11) 0.54
     Current diabetes, n (%) 170 (24) 62 (26) 56 (24) 52 (22) 0.59
     BMI, kg/m2 26.7±4.8 26.7±4.4 26.0±4.7 27.2±5.1 0.025
     Waist circumference, cm 98.6±14.6 99.4±13.8 97.0±14.6 99.3±15.5 0.13
     Systolic blood pressure, mmHg 136±17 136±19 134±16 137±17 0.30
     Diastolic blood pressure, mmHg 83±11 83±12 82±10 83±11 0.48
     Heart rate, bpm 69±12 68±13 67±11 70±12 0.032
Renal Transplantation
     Transplant vintage, years 5.4 [1.9-12.0] 6.1 [2.2-12.7] 5.4 [2.0-11.3] 5.1 [1.5-11.6] 0.40
     Living donor, n (%) 236 (34) 74 (32) 82 (36) 80 (35) 0.66
     Pre-emptive KTx, n (%) 106 (15) 33 (14) 37 (16) 36 (16) 0.84
     Dialysis vintage, month 27 [10-52] 27 [11-55] 28 [10-50] 25 [8-51] 0.51
     Cold ischemia time, hours 14 [3-21] 15 [3-22] 13 [3-21] 14 [3-20] 0.36
     Warm ischemia time, minutes 40 [34-50] 42 [34-52] 40 [33-48] 40 [35-50] 0.16
     HLA mismatches, n 2 [1-3] 2 [1-3] 2 [1-3] 2 [1-3] 0.08
     Class I anti-HLA antibodies, n (%) 107 (15) 37 (16) 37 (16) 33 (14) 0.84
     Class II anti-HLA antibodies, n (%) 121 (17) 37 (16) 34 (15) 50 (22) 0.11
     Age donor, years 42.8±15.6 43.3±15.0 43.9±15.2 41.1±16.4 0.13
     Male gender donor, n (%) 353 (52) 121 (53) 118 (52) 114 (50) 0.81
     Rejection, n (%) 186 (27) 63 (27) 68 (29) 55 (24) 0.38
Laboratory measurements
     Hemoglobin, mmol/L 8.22±1.08 8.08±1.14 8.27±1.02 8.31±1.06 0.045
     Glucose, mmol/L 5.72±1.84 5.75±1.51 5.74±2.01 5.66±1.97 0.85
     HbA1C, % 5.8 [5.5-6.2] 5.8 [5.5-6.2] 5.8 [5.5-6.2] 5.8 [5.5-6.2] 0.51
     Total cholesterol, mmol/L 5.0 [4.3-5.8] 4.8 [4.3-5.7] 5.0 [4.3-5.7] 5.2 [4.5-6.0] 0.034
     HDL cholesterol, mmol/L 1.3 [1.1-1.6] 1.3 [1.0-1.6] 1.3 [1.0-1.7] 1.3 [1.1-1.6] 0.27
     LDL cholesterol mmol/L 2.9 [2.3-3.5] 2.8 [2.3-3.4] 2.8 [2.3-3.4] 3.0 [2.4-3.9] 0.037
     Triglycerides, mmol/L 1.68 [1.25-2.30] 1.70 [1.24-2.30] 1.67 [1.22-2.28] 1.69 [1.29-2.34] 0.65
     hsCRP, mg/L 1.6 [0.7-4.6] 1.8 [0.8-4.8] 1.5 [0.6-3.7] 1.7 [0.8-5.0] 0.25
     Albumin, g/L 43.0±3.0 42.6±2.8 43.2±2.9 43.1±3.2 0.08
     Alkaline phosphatase, U/L 67 [53-83] 65 [53-81] 65 [50-78] 71 [60-94] <0.001
     Calcium, mmol/L 2.40±0.15 2.39±0.15 2.40±0.15 2.41±0.15 0.29
     Phosphate, mmol/L 0.96±0.21 0.97±0.22 0.98±0.21 0.95±0.20 0.38
     Magnesium, mmol/L 0.95±0.12 0.95±0.12 0.96±0.11 0.95±0.13 0.26
     PTH, pmol/L 8.9 [5.9-14.7] 9.5 [6.6-15.4] 8.5 [5.4-14.2] 9.2 [5.9-15.1] 0.27
     Urinary albumin excretion, mg/24h 41.6 [10.6-178.4] 58 [15-242] 29 [9-202] 36 [9-117] 0.038
     Albuminuria, n (%) 372 (54) 142 (62) 113 (50) 117 (51) 0.022
     Creatinine clearance, mL/min 65.9±26.6 62.7±26.6 65.9±25.9 69.1±26.8 0.036
Medication
     Anti-hypertensives, n (%) 617 (88) 211 (90) 202 (87) 204 (88) 0.63
     ACEi/ARB, n (%) 338 (48) 126 (54) 102 (44) 110 (47) 0.11
     Statins, n (%) 372 (53) 132 (56) 113 (49) 127 (55) 0.24
     Vitamin D use*, n (%) 172 (25) 58 (25) 57 (25) 57(25) 0.99
     Prednisone, mg/d 10.0 [7.5-10.0] 10.0 [7.5-10.0] 10.0 [7.5-10.0] 10.0 [7.5-10.0] 0.42
     Calcineurin inhibitor, n (%) 401 (57) 141 (60) 123 (53) 137 (59) 0.27
     Proliferation inhibitor, n (%) 584 (83) 187 (80) 196 (85) 201 (86) 0.13
Data are presented as n (%), mean ± SD, and median [interquartile range] for nominal, normally distributed, and non-normally distributed data, 
respectively. χ2 test was used for nominal data, Kruskal-Wallis test for non-normally distributed data and ANOVA for normally distributed data. P 
values <0.05 are in bold. Vitamin D use includes vitamin D analogues or supplements use.
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers; BMI, body mass index; HDL, high-density 
lipoprotein; HLA, human leukocyte antigen; LDL, low-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; HbA1c, glycated hemoglobin; 
KTx, kidney transplantation; PTH, parathyroid hormone. 

PA
R

T 
II

Proefschrift Charlotte Keyzer.indd   164 19-09-15   16:07



165

Table 4. Univariable and multivariable associations of serum Dkk-1* with clinical parameters 
in the Groningen cohort

Univariable Multivariable

Clinical parameters St. β P-value St. β P-value

Age, years -0.10 0.01 -0.09 0.016

Class II anti-HLA antibodies 0.08 0.03 0.09 0.02

Hemoglobin, mmol/L 0.12 0.001

HbA1C, %* 0.08 0.046

Total cholesterol, mmol/L* 0.10 0.01 0.11 0.004

LDL cholesterol, mmol/L* 0.10 0.007

Albumin, g/L 0.09 0.02

Alkaline phosphatase, U/L* 0.11 0.003 0.12 0.002

Calcium, mmol/L 0.07 0.06

Phosphate, mmol/L -0.03 0.43

PTH, pmol/L* -0.02 0.65

Urinary albumin excretion, mg/24h* -0.09 0.02

Creatinine clearance, mL/min 0.10 0.006 0.12 0.002

Vitamin D use‡ -0.03 0.45

Statin use <0.01 0.97
Data are presented as standardized beta’s (St. β) and P-values of linear regression analysis. *Ln transformed variables. ‡ Vitamin D use includes 
vitamin D analogues or supplements use.
Abbreviations: HLA, human leukocyte antigen; LDL, low-density lipoprotein; HbA1c, glycated hemoglobin; PTH, parathyroid hormone. 

Table 5. Associations of Dkk-1 with death-censored graft failure in stable renal transplant 
recipients (nevents/ntotal = 45/700)

Model 1 Model 2 Model 3 Model 4

Hazard ratio 0.33 0.45 0.46 0.50

95% CI 0.19-0.59 0.26-0.79 0.26-0.81 0.30-0.85

P-value <0.001 0.006 0.006 0.009
Model 1, adjustment for transplant characteristics; HLA mismatches, class I and II anti-HLA antibodies, cold and warm ischemia time. Model 
2, adjustment for recipient characteristics; recipient age and gender, dialysis vintage, acute rejection and urinary albumin excretion. Model 3, 
adjustment for donor characteristics; donor type (deceased vs. living), donor age and gender.  Model 4, adjustment for determinants of Dkk-1; recipient 
age, alkaline phosphatase, cholesterol, class II anti-HLA antibodies and creatinine clearance.
The hazard ratios plus 95% confidence interval (CI) are reported per doubling of Dkk-1.
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DISCUSSION

Reduction of renal pro-fibrotic processes may increase the long-term prognosis after kidney 

transplantation. The main findings of our study are that serum Dkk-1, an endogenous inhibitor 

of Wnt/β-catenin signaling, is associated with prevalent renal allograft fibrosis, and inversely 

associated with graft failure in renal transplant recipients. 

To our knowledge, our study is the first to assess the role of circulating Dkk-1 levels in relation 

to renal fibrosis and graft failure in human kidney transplantation. Multiple studies showed that 

human fibrotic diseases14 are associated with aberrant activation of the canonical Wnt pathway, 

among others by stimulating the differentiation of resting fibroblasts into myofibroblasts, 

increasing the release of extracellular matrix components and inducing fibrosis6. In experimental 

models of renal fibrosis it has been shown that Dkk-1 blocks the Wnt/β-catenin pathway, and 

subsequently ameliorates fibrosis.3,11,21 Our observation that serum Dkk-1 is increased in renal 

transplant recipients with severe renal fibrosis is in line with recent preclinical studies showing 

increased renal Dkk-1 gene expression in models of renal fibrosis.5, 6 This suggests that renal injury 

induces renal Dkk-1 as an endogenous anti-fibrotic pathway. We replicated these findings in the 

clinical setting, and documented that patients with relatively high Dkk-1 levels seem protected 

against long-term graft failure, in line with the anti-fibrotic role for Dkk-1 in the preclinical 

setting6. Furthermore, serum Dkk-1 levels did not change over time in renal transplant recipients 

without renal interstitial fibrosis at 3, 12 and 24 months after transplantation.

In multivariable regression analyses, alkaline phosphatase, renal function, total cholesterol 

class II anti-HLA antibodies and age emerged as determinants of serum Dkk-1. An association 

between Dkk-1 and (bone) alkaline phosphatase was also found in chronic kidney disease 

(CKD) stage 3–4 patients22 and is in line with the role of Dkk-1 as a negative regulator of bone 

homeostasis (through the Wnt/β-catenin signaling pathway)23. The association we observed 

with renal function and age was not noted in earlier studies among 77 stage 3B and stage 4 CKD 

patients24, nor among 19 post-menopausal renal transplant recipients and 12 post-menopausal 

chronic kidney disease patients25. This discrepancy could be explained by differences in sample 

size between these cohorts and our cohort. To our knowledge, no previous data exist on 

the association between total cholesterol and serum Dkk-1. However, a missense mutation 

in LRP6 (the co-receptor for Dkk-1) that causes impaired Wnt signaling has been linked with 

hyperlipidemia.26 The presence of class II HLA antibodies as an independent determinant of 

serum Dkk-1 is in line with the positive association between Dkk-1 and renal fibrosis in the 

Leuven cohort. Chronic antibody mediated rejection is one of the causes of progressive renal 

fibrosis, eventually resulting in graft dysfunction.27   

Our observation that circulating Dkk-1 levels are independently associated with graft failure 

after kidney transplantation implies that strategies promoting Dkk-1 levels or suppressing Wnt/

beta-catenin signaling may have a beneficial impact on graft outcomes, and thus may be a target 

for intervention. A previous study found that the vitamin D receptor activator paricalcitol (19-nor-

1,25-hydroxy-vitamin D2) improves podocyte function and reduces proteinuria and kidney 
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injury, at least in part by blocking Wnt/β-catenin-mediated gene transcription.5 Furthermore, 

preclinical studies suggest that activation of parathyroid hormone (PTH) receptors leads to 

activation of intracellular Wnt signaling by downregulation of Dkk-1 and sclerostin in bone.28,29 

Vitamin D analogues may thus inhibit Wnt signaling directly through the vitamin D receptor and 

indirectly through downregulation of PTH. A recent clinical trial reported that paricalcitol reduces 

albuminuria, a major hallmark of chronic allograft dysfunction, in renal transplant recipients, 

although eGFR was also reduced.30. Whether vitamin D receptor activation may reduce the risk 

of graft failure after kidney transplantation, and whether this may be through Dkk-1, remains to 

be addressed.

Our study has several strengths and limitations. Although both cohorts had a prospective 

design, they are observational by nature and therefore preclude conclusions on causality. 

Furthermore, we cannot exclude residual confounding to influence the association between 

Dkk-1 and graft failure. Unfortunately, we were not able to compare serum Dkk-1 values to 

reference values, because there are no data available on the reference range of serum Dkk-1 

in the general population. Finally, since the number of graft failure events was relatively small, 

the relative risk may overstate the clinical relevance and predictive accuracy. On the other hand, 

strengths include the complete follow-up and renal fibrosis and graft failure as clinically relevant 

endpoints.

In conclusion, our findings link serum Dkk-1, an endogenous inhibitor of the pro-fibrotic Wnt/

β-catenin signaling, with prevalent renal fibrosis after kidney transplantation, and with long-

term protection against graft failure in renal transplant recipients. Our observations confirm 

and extend preclinical data suggesting that Dkk-1 is an endogenous inhibitor of pro-fibrotic 

processes, which is induced in response to tissue injury. Future studies should address whether 

targeting the Wnt/β-catenin signaling pathway improves long-term renal outcomes after kidney 

transplantation.
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Supplemental Table S1. Cause of graft failure in 45 renal transplant recipients of the 
Groningen cohort

Cause of graft failure Histological diagnosis Clinical diagnosis Total

Chronic allograft dysfunction 10* 23 33

Return of original disease 4 4

Infection 4 4

Vascular disease 1 1 2

Acute rejection 1 1

Unknown 1 1

Total 20 25 45

*IF/TA >5 % was present in 9/10, chronic transplant glomerulopathy in 7/10 and C4d positivity in 3/10 patients. 

Supplemental Table S2. Associations of Dkk-1 with death-censored graft failure due to 
chronic allograft injury in the Groningen cohort (nevents/ntotal = 32/687)

Model 1 Model 2 Model 3 Model 4

Hazard ratio 0.31 0.43 0.45 0.48

95% CI 0.16-0.62 0.22-0.86 0.23-0.87 0.26-0.89

P-value 0.001 0.02 0.02 0.02
Model 1, adjustment for transplant characteristics; HLA mismatches, class I and II anti-HLA antibodies, cold and warm ischemia time. Model 2, 
adjustment for recipient characteristics; recipient age and gender, dialysis vintage, acute rejection and urinary albumin excretion. Model 3, adjustment 
for donor characteristics; donor type (deceased vs. living), donor age and gender.  Model 4, adjustment for determinants of Dkk-1; recipient age, alkaline 
phosphatase, cholesterol class II anti-HLA antibodies and creatinine clearance.
The hazard ratios plus 95% confidence interval (CI) reported per doubling of Dkk-1.
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